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- Abstract

Nine pollen profiles were obtained along a broad
latitudinal transect extending from the Upper Nisling V@lley to
the Ittlemit Lake and Bea¥ Lakes areas in the southwest Yukon
Territory. Radiocarbon dated fossil pollen records fﬁoh these
profiles provided evidence for the'reconspruétion of post-
glacial enviroﬁmenta history of the area. Surficial samples

combined to aid the interpretation of the fossil daEa.

Records of these seguences suggest that the post—glacial
vegetation in lhe area exhibited a'sugcess&onal development.
fmmédiately after thendeglaciation, the area was covered by a
sparse herb dominated tundra assemblage. Betula giandulosa
invaded the area at about 10,000 yr BP, which initiated thé‘
replacement of herbaceous tuﬁdra by a dwarf birch shrub-tundra.
Picea glauca invaded the Upper Nisliﬁg valley in the porthern
part of the study area and the Ittlemit Lake Basin'in the south
. at least around 9,000 yr BP, while 8,600 yr BP in the central
-Aishihik Basin, marked the establishment of forest-tundra

L]

environment in the area. Significant rise of Picea polleh at

7,500—8,060 yr BP in the north-central part of the study area
indicate the establishment of a modern boreal forest, which is
approximately 1,500-2,000 years earlier than that indicated by
the Antifreeze Pond bollen diagram from the Snag area of the

southwest Yukon. (It is notable that the pollen spéctra of two



1ii

lacustrine sediments suggest a phase change of lakes into marsh
occurring around 5,006—6;000 yr BP in the area, ana chéhge of
bog conditions has also been recorded at almost the‘same time
in the area. These events occurred simultaneously in the area

and probably reflect the change of climatic condftions, which

might have led to' the development of bermafrost in the region.

The‘developmenf of early post-glacial vegetation in the
area exhibited an unstable pattern. This instability was
primarily related to the sequential invasion and miération of
taxa from late-glacial refugia. Stable vegetation assoclatlions
were.estaDIJSQed in the area as a result of migrators reaching

their limit of climatic tolerance during the middle Holocene.

Post-glacial vegetation history in the Ittlemit Lake Basin
area seems to have exhibited a different pattern. Spruce
inﬁaded the area at about 9,000 yr BP, and-sincE %hen the
regional forest-tundra vegetation-has undergone little change.
variation of the pollen spectra during the last 9,000 years in
this area has been interpreted as responses to the modification
of local environmental conditions. Fossil pollen records-from
this area and the Middle Mackintosh Creek area. support the
interpretation deduced from analysis of modern surflicial pollen
records that changes of pollen spectra are not exclusively

related to the variation of climatic conditions or upland

vegetation succession, but also can be caused by the

\



development of geomorphological proaésses or the modification

of local environmental conditions. .

Alpus pollen records in this.study indicate that’ -Aishihik

Basin has never been favorable for the expansion of Alnus

during the middle and/or late Holqcene, although the rise of
~Alnus pollen to more than 20% was a common phenomenon in the
northern pollen records. This diséripency is primarily due to
very low precipitation, in the area. Exotic Pinus pollen
records, however, reveal a frequent shift of étmoépheric
circulation-system during the late Holocene, which is
consistent with the extension of glaciers in the' St. Elias

K
Mountains during the Little Ice Age.
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Résumé

Neuf prdf&ls polliniques ont &té obtenus le long d'un
transect latitudinal s'étendant de la vallée de 1a rivier?
Nisling jusgu'au Lac Ittlemit et Jjusqu'a la ré@ion du Bear
lakes au sud ouest du Territoire du Yukon. Les échantillons
polliniques datés au radiocarbone fournlssent‘leé é1€ments pour
reconséituer'l'histoire posfgléciaire de l'environnement dF
cette région. L'analyse des echantillons polliniques de surface

'a facilité 1l'interprétation des données fossiles.

L'exemple de ces_séquences montre des successiéns dans le
développemenf de la végétation. Immédiatement aprés la
déglaciation, la région a été couverte par une foundra
herbacée, Betula glandulosa gui a envahl la région a environ
10,000 BP a initié le develbppement de la toundra arbustive.
Picea glauca qui colonise le bassin supérieur ae la vallée de
la riviere Nisling da lé partie nord de la région étﬁdiéé et
le bassin du 1gc§?f{f:;it au sud, a environ 9,000 ﬁP, et vers
8600 au centre du bassgn d'Aishihik, margque l'ingFallation de
la toundra forestiére. L‘'augmentation significative de Plicea a
7,500 - 8,000 BP dans 1la partie Eentre nord de la region
ctudide indique le passage a la for&t boréale moderne, solt
approximativement 1,560 4 2,000 ans plus tot que dans le

A

diagramme d'Antifreeze Pond au sud de Snag. La transformatlion

-

des lacs en marais & 5,000 - 6,000 Bp reflete probablement un

changement climatique qui suggére le développemeﬁt du

permafrost.
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L'histoire postglaciaire de la. végétation dans le bassin

du lac Ittlemit semble aussi avoir été differente. La région a

£té envahie par Picea a environ 9,000 BP ét“aepdis la toundra
' forestiére régionale n'a guére changé. Les variations dans les
spectres pollinigues ont été interprétés en terme de réponse au
modification des conditions environnementales loe;les. Le
profil pollinique de cette région et celui de Mackintosh Creek
moyen étaye 1l'hypothése déduite de 1tanalyse des spectres
contemporains, 3 savoir que les changements dans les spectres .
pollinigues ne sont pas nécessairement reliés aux variations
climatiques ou aux successions de végétation, mais peuvent
aussi &tre causé par le développement de processus

géomorphologiques odu de modification des conditions

L
environnementales.

Le pollen d'Alnus n'ést jamais abondant dans nos
diagrammes ce gui indique que le bassin 'd'Aishihik n'a jamais
été favorable a son extension durant le milieh ou la fin de
1'Holocene bien q%“ii.atteigne communément une fréquence de 20%
dans les diagrammes polliniques nordiques. Cetée digzérence.
est due au precipitation tres Basse dans notre reg}on. Par
ailleurs les pourcentages pollinigues de Pinus révélent un
cgangement fréquent du systéme de circulation atmoéphérique
durantlla derniére partie de 1l'Holocene, qui est.consistant

avec l'éxtension des glaciers dans les Montagnes St. Elias

durant la Petit Age Glaciaire (s.s.).



5*1' % ﬁ g (Abstract)

BT o e EAAAENEAEIE
ﬁﬂ' E_@wmtﬂﬁm*;ﬁﬁ' {Nisling Uallgy), mﬂmﬁﬂm{ﬁﬁ

estnte s TV o ey WK, KSRGS, NRE

ST, MEREARNIPARATRN T THER
A, TR TR LRSI T 87

O BHERRTRRE, FREAKE SR ST
. mammf RARE TS AEYNEOTALTRY. A9 10,000 FH
om0, ptats tonsuess SNKE. JHR T ~AABTA-— DAMS,
}*JIH‘J;EMEW‘\‘TM»JB’J%%E EAH (pices glaen DK 0,000
EHARRATAR BRI SRR, B
TR o.co0 8. EANSRIIHEIHE T ERAE
 EARRESAE, BN FRET I AEE LS,

“%ﬂ@ H:éBlZﬂﬁ%%fﬁ (Snag) Bﬁ?ﬂﬁﬁﬂiﬁﬁfﬁﬁiﬁ@iﬂ? 1,500 - 2,800 -

%, SALANE, RAFRIRFAAOHRIRY, 4 5 000 -
s 00 EH, ARV, BIRAN, KRN
EAAMRRE T BRI SRR
- BEERSSAHRR,

vii



VREAGREREARR, BRARRN I RSRERAR IS

HMEREHTRERENGE. AU, AR T R
B, Wi, BROERTAEARLS TR EROIE, WF
WS B SRR, ETHEVTE .00 FHRAGE,
G, RSN R AL RSB
A, RGN e
. BREEREE-Y, TR AR A
o L S L e
o S
B e TR - e, A
TR, TR RPN, aous RAEEVES A
. W-ER BN TR SRR :

viii =



Acknowledgements

It is a hard task to complete the acknowledgements while
writing this thesis because so many people had a hand in this
research project, and I am afrai? that I could not mention all
of them here.

-

Siﬁcere fhanks go to Dr. M.-A. Geyrts for her supervislion,
) fiﬁancial support, and acad%mic inspiration during my_researéh
tenure at the Univeréity of Ottawa. I thank her not only for
teaching me Hﬁw to iﬁterpret pollen diagrams, but also for
develop{hg an effective scieptific yark ethic. The members of
my supervisoryﬂcomﬁittee,,Dr.‘O.A..Dixon,-Dr. B.R. Rust, and
Dr. P.G. Johnson have been very he}pful during this research
project. I am indebted/to Dr. O.A. Dixoﬁ for his patient’

discussions and financial support.
—_ !

I wish to thank Dr. D. McLaren for his encouragement,
friendship, and many hours of discussion on the topic of
environmental problems and globa1 change. These discdgsions
have brought a broader peispective to this research. “

Professor Guang-Long Shen at Langhou University in 'the

People's Republic of China initially p posed this étudy

abroad. I wish to give him my deepest thaﬁ\s or his unselfish

ix



S

[N . .

support and encouragement at the beginning.and during this

o

study.

The other palynologists who worked in the ‘laboratory at
the University of Ottawa during my stay always provided
generous aid. 1 wish to thank Mr. P. de Bastiani, Mr. I.

'Campbell, Dr. V. Dewez, Mr. H. Beaudet, and ﬁr. M. Desjardihs
for their friendship and helb in both Ehe field and laboratory.
Help "was also obtained from ch David, P. Beau¥ieu, A.

Labossiere, and A. Pregent.

Dr.\ﬁ. Blake Jr. at the Geological Survey of Canada
provided some of the radlocarbon dates used in this thesis. Mr.
Mott at the Geological Survey”  of Canada identified the
macrofossils. Dr. A.D. Gordon at the University of St. Andrews
in Great Britain provided some of computer programs utilized in

numerical analysis’ task.

I wish ,to thank Mr. L. Bennett, Dr. M. Wadleigh, Mr. and
Mrs. de Bastiani, Mr. D. Green, and K. Hurley for their patient

editing of the manuscript.

I wish to thank my friends Pietro de Bastiani and Barbara
de Bastiani for their friendship and various help during my

stay in Canada. With their help I was able to transcend the



cultural barrier which exists between the Canadian life style

and life style in my homeland.

Special thanks go out to my parents for their great
encouragement, and to my wife Suhua Zhou, who has patiently
joined the discourse on palynology during hundreds of eveninqs{
cleaned test tubes in the laboratory, typed the text, drawn
some of fhe maps, and undertook some of computer wofﬁ. Because
of them this study is worth more. | . %

This research was financially supported'by graduate
scholarships from Lanzhdu.University'in'the People's Republic
of China, and the School of Graduate Studiés and Research at
the University of Ottawa, and by an NSERC grant to br. M.-A.
Geurts (A6888).

xi

¥




Table of Contents

Dedication . . . « -« 4« = s e e 4 e e e e e e e e s e e e i
AbStract . .+ w v + s 4 s e e e 4 e 4 e e e e e s ... R ii
RESUME « + & o v e e e e e e e e e e e e e e e e e e e v
MBI (ADSEFACE) .« . « e e e e e e e e e e e .. Vid
Acknowledgements . . . < . s 4 e . e o e e e e s e e e e ix
Table of Contents . . . . ... e e e e e e e . .'. e 0. xii
List of Figures . . . . « « « « « « « « - & ._.'. e e . Xix
List of Tables . . . . +« « « « « = e e e e Xxvi
List of Appendices . . . . « « « « « « & & e . = . . s xxviii
Chapter 1 Introduction . . . . + .« « « « o « « o o & o W }

1.1 Introduction . . . « +« « +« ¢« « o o o o & & o e s 2

1.2 Previous Palynological Investigations in the-
Southwest Yukon Territory and adjacent Areas . . 4
.3 ODJeCEivesS . v « « = o o o o o o 4 v e e e e 21
1.3.1 Paleoecological Data . . . . . -« - . « .« . 22
1.3.2 Local Vegetatiop-bandform Relations and
Environment History . . . . . . « « « . . . 22
.1.3.3 Vegetation Development and its .Stability . 23
1.3.4 Paleoclimatic Inference . . . . . .« « .+ . 23
1.3.5 Problems of Pollen Analysis in Permafrost
Regions . .« ¢ « & « & + 4 4 o« 4w o s e s 23
1.3.6 SUMMALY . + « + =+ & « s & & = s ¢ 3+ = & = 23

xii



’

. Chapter 2 Physical Setting of the Study Area

2.1 Physiography . « . .« - « « + + + &+ .+ .
2.2 Present Vegetation . .
2.3 Modern Climate
2.4 Periglacial Féatures
2.5 Glacial History
2.6 Bedrock Geﬁlogy .o '
2.7 White River Ash
Chapter 3 Methodology
3.1 Field Method¥
3.1.1 surface Samples
" 3.1.2 Pal}nostratigraphic Samples
3.2 Laboratory Methods
3.2.1 Subsampling Methods
3.2.2 Measurement of Water Content
3.2.3 Preparation Proceduré‘
3.2.4 Counting and Pollen Identification
3.2.5 Organic Content Determination
3.2.6 Sediment Analysis
3.3 pPresentation of the Results .
3;3.1 Relative Pollen Freguency’
3.3.2 Absolute Pollen Freguency and Pollen
Accumulation R;te .o
3.4 Modification of Absolute Pollen Accumulation
Rate .
3.5 Computation and Numerical Procedures

xiti
27
28
31
34
41
42
46
49
52
53
53
54
56
56
57
58
59
60
60
61

61

62

66

76



xiv
3.5.1 Numerical Analysis . . . ¢ ¢« « « « « « =+ & 76
3.5.Z Zonation of Pollen Diagrams . . . . . . . 79
3.5.3 Computing Procedute . . . . . . . . . . . 84

Chapter 4 Contemporary Pollen Records of the Aishihik

Basin and its Vicinity . . . . . . « .« « o o o 87
4.1 Introduction . . .« « ¢« « « & 4 v 4 4 e e 2 s e 88
4.2 Contemporary Surface Pollen Analyses . . . . . . 89
4.2.1 Result . . . . . . « o o o 000 e . ..2_91
4.2.2 Summary of the Basic Features . . . . . . 93

4.3 Statistical Analyses®, . . . . . . . . . . . .. 94

4.3.1 Cluster Analysis . . . . .'v « « « « « « . 95
4,3.2 Principak Component Analysis . . . . . .« . 57
4.3.3 Summary of the Results . . . . . . . . . . 101

4.4 Discussion and Conclusien . . . . . + « « « « . 103

Chapter 5 Post-glacial Pollen Records in the Northern

Aishihik Basin . . . . . . . . o o o . o .0 110
5.1 Introduction . .« + & « v v v 4 e 4 e e 4 = oa .. 111
5.2 Upper Nisling Valley (Xw-1) . . . . . . . . . . 112

5.2.) Site Description and Present Vegetation . 112
5.2.2 Sediment Stratigraphy . . . . . . . . . . 112
5.2.3 RadioCarbon Dates and Chronology-. . . . . 115
5.2.4 Relative Pollen Frequency . . . . . . . . 118
5.2.5 Pollen Accumulation Rate . . . . . . . . . 125
5.2.6 Numerical Analysis . . . . . . . « « . . . 128
5.2.7 Reconstruction of Paleocenvironment . . . . 133

5.2.8 Summary and Conc¢lusion . . .¢r. . . . . . . 141



e 3 e

5.5

Chapter 6

5.

‘Middle Mackintesh Creek (XW-2)

.

3.1 Introduction . . . .+ . « + ¢« + 4

5.3.2 Result of Pollen Analysls’

5

5.

5.

.3.3 Numerical Analysis . . . . .

3.4 Interpretation of Paleoenvironment

3.5 Summary and Conclusion

Upper Mackintosh Creek (XW-3) . . . .

5.

5.

.4.1 Site Description . . . .
.4.2 Present Vegetation
.4.3 Sstratigraphy and Methods

.4.4 *2C Dates and Chronology
.4.5 Relative Pollen Frequency
.4.6 Absolute Pollen Accumulation Rate

.4.7 Numerical Analysis

4.8 Reconsﬁruction of Palecenvironment

4.9 Summary and Conclusion

Post-glacial Paleoenvironmental History:

Correlation and Conclusion

Post-glacial Pollen Records in the Central

Aishihik Basin . . . .

Introduction . . .

Polecat Lake Area (Xw-4) . . . . .

6.
+ ' .

6.2.2 Sediment Stratigraphy and Chronology .

6.

6.

2.1 Site Description

2.3 Relative Pollen Frequency Diagram

2.4- Numerical Analysis

142
142
143
148
153
162
163
163
164
164
165
169
177
180
186

196

198

202
203
203
203
205
206

212




xvi
6.2.5 Reconstruction of Paleocenvironment . . . . 217
6.2.6 Summary and Conclusion . . . . . .+ .« « o 223
6.3 Aishihik Kettle (XW-5) + .+ « « v « « o « o - . . 224
6.3.1 Site Description . . . . .+ . . . .+ . . . . 224
6.3.2 Stratigraphy and Chronology . . . . . . . 224
6.3.3 Relative Pollen Frequency . . . . . - . . 225
6.3.4 Numerical Analysis . . . . .‘. - 3 §

6.3.5 Reconstruction of Paleocenvironment . . . . 238

6.3.6 Summary and Conclusioen . . . . . . .« . . . 242 -
6.4 Moose Depression (XW-6) P RN 242
‘6.4.1 Site Description . . . . . . .+ . . . . . . 242
6.4.2 Present Vegetatfon L K
6.4.3 Sediment Stratigraphy . . . . . . . . . . 246

6.4.4 Radiocarbon Dates .and Sedimentation Rates 251
6.4.5 Relative pollen Fregquency . . . . . « . . 252
6.4.6 Absolute Pollen Accumulation Rate (PAR} . 263
6.4.7 Numerical Analysis . . . « « « « « + « » « 266
6.4.8 Reconstruction of Palecenvironment . . . . 27{
6.4.9 Summary and Conclusién . . . . . . . . . . 281
6.5 Postglacial Paleoenvironmental History:
Correlation and Conclusion . . . . . ... . . . . 282

Chapter 7 Post-glacial Pollen Records in the Ittlemit Lake

BRSIN « « « + + « « 4 4 e 4 4 e e e e e w e . . 286
7.1 Introduction . . . . . - .+ .+ + ¢ @+« 4 4« . . . 287
7.2 Site Description and Present Vegetation . . . . 287
7.3 Sediment Stratigraphy: e e e e e e e s e e e .. 290

-



7.9

Chapter 8

Radiocarbon Dates and Sedimentation Rates . .

Relative Pollen Frequency Dlagram . . . . .

Absolute Pollen Accumulation Rates . . . . .

Numerical Analysis . . . . e e e e s
Reconstruction of Paleoenvironment
Summary and conclusion . . . . « .+ - - ooe e
Post-glacial Pollen Records in the Bear Lakes
Area . . . .
Introduction

High Bog, Bear Lakes Area (XW-8)

8.2.1 Site Description and Present vegetation
8.2.2 Sediment gtratigréphy

8.2.3'=‘C'Dates

8.2.4 Relative Pollen Frequency Diagram

8.2.5 Absolute Pollen Accumulation Rate

8.2.6 Numerical Analysis

8.2.7 Interpretation

Bear Lakes Peat (XW-13) .

8.3.1 Site Description . . . . « « « « + . .
8.3.2 Present Vegetation . . . . . « « + «+ + -«
8.3.3 Stratigraphy and Chronology

8.3.4 Relative Pollen Frequency .

8.3.5 Numerical Analysis . . . . .+ « + « + « &
8.3.;/heconstruction of Paleovegetation . . .

8.3.7 climatic Infefence . . . .

£.3.8 Summary and Conclusion

s J

xvil
290
293
300
305

315

329

330

1331

331
331
335
335
343

344

. 350

351
351
352
352
353
359
365
371

373




8.4 Summary Remarks‘ T T T TS
Chapfer 9 Reconstruction of Paleocenvironment: A Synthesis
9.1 Introduction . . . . ... s e e n e e
‘9.2 Post-glacial Vegetation History: Spatial and
Temporal Patterns . . . . .

9.3 Special Considerations of éelected Taxa . . .

9.3.1 Picea .« « « &+ o & « o & & = o
9.3.2 Pinus
9.3.3 AlNUS . + « 4 4 4 e e e e e e e e e .

9,4 Post-glacial Vegetation Development and
Stability . « . + « . . '

9.5 b;st-glacial climatic variation . . . . .

9.6 Pollen Accumulation Rate of Peat in Permafrost
Region

Chapter 10 Summary .
10.1 Basic Appreoaches
10.2 Principal Results

10.3 Supplementary Results . . . . . . . + + &

REfEXENCES « + v « v « & + o &+ & & o« o o 4
Appendix A . . . . . < e e e e e

Appendix B . . . . . 4 4 e e e e e e e e e e
Appendix. C . . . & 4 v 4 4 e e e e e e e e e e e
Appendix D . . ¢ .. 4 4t e 4 4 e e 4 e e e e e e

Appendix E . . .
Appendix F . . + « « « « o % o 0 v 4 d 0 e e e e s

appendix G . . . . . 0 o 4 . 0 0 0 0 0w w e

xviili
374

376

377

3717
385
385
389 -

393

396

399

401
404
405
406
410
411
429
430
431
432
433
435

463

i



Fig.
1.1

1.2

r
2.6 Location of **C dates in the study area

-~

.

List of Figures

.LOCation of the study area

Locatiqﬂzof selected fossil pollen sites
frequently referred in the text. Specifications

see table 1.1

.
I

.

Location map of fossil pollen sites of this

study .« .

Physiographic subdivision of southwest Yukon

Territory (after Bostock, 1948) .

The major vegetation zones of south-central Yukon

Territory (after Rowe, 1972) ..

Climatic characteristics of the Aishihik area,

southwest Yukon Territory

Distribution of wind percentades

Limits of glaciations in the study area (after

Hughes, manuscript}

Geological map of the study area (after Tempelman-

Kluit, 1974)

Differentiation of spruce pollen accumulation rate

Relationships between water content and varlations of
Picea PAR, sample volume, and sedimentation rates .

Relationships between the percentage of variation of
picea PAR and the variations of excess water volume,
expansion of pore water volume and sedimentation

‘rates e e e e e e .

Location of surficial pollen samples in this study

Pollen percentage diagram of surficial samples

Dendrogram of Cluster Analysis

Xix

»

.

-

.

Page

25
29
33

36

39

14

45

17

73

74

75
90
92

. 96




. 4a

.4b

.Ta

.7b

.10

.11

.12

.13

Principal component loadings of selected taxa
on the first and second PCA axes, surficial
pollen samples . .

Principal component scores of surficial samples

Smoothed curves for Picea percentage, ratio of

Picea/Betula, and the second PCA axis scores for the

surficial samples in the study area. . . . . . .
Summary'pollen percentage diagram of profile HB1

Map of northern Aishihik Basin showing fossil pollen
sites and tepography .

14c dates vs depth relation of profile XW-1

Pollen percentage diagram of profile XW-1

i
Absolute pollen accumulation rate diagram of profile
XW“l . . - . . . . . . . . . . . . - ‘-l . . . .

Fl
Dendrogram of zonation procedure of profile Xw-1 ..

Pringipal component loadings of selected taxa on the
first and second PCA axes, profile XW-1, Upper
Nisling valley . . . .+ « < « + « « o « .

Principal component scores of pfdfile xw—l'sampies,
Upper Nisling valley . . . . . . . . # .

Ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal} and
second (vertical) PCB axes, profile XW-1, Upper
Nisling valley . . . + « « &« « « & « o 4« .

Oordination of combined data matrix of modern and
fodsil pollen samples on the first (horizontal) and
second (vertical) CA axes, profile xw-1, Upper
lellng valley . . . . . e e e . .

Selected pollen ratios of proflle XW-1 . . . .

A summary pollen percentage dlagram of profile XW-1
using a sum of tree and shrub pollen . . . , . . .
4

Pollen percentage diagram of profile XW-2 . e o e

Dendrograms of zonation procedures of profile XW-2

‘\‘u R

xx

99 .

100

105

*113

114
117

119

120

121

129

.130

132

134

137

140

144

145

R L



5.14a Principal component loadings of selected taxa on the

first and second PCA axes, profile XW-2, Middle
Mackintosh Creek . . . « + « .+ . . a2

" e . [T ]

5.14b Principal component scores of profile XW-2 samples
on the first five PCA axes, -Middle Mackintosh Creek

5.15 ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal) and
second (vertical) PCB axes, profile XW-32, Middle
Mackintosh Creek . . . . . e e e e e e e e s

5.16 Ordination of combined data matrix of modern and
fossil.pollen samples on the first (horizontal) and
second (vertical) CA axes, profile XW-2, Middle
Mackintosh Creek . ¢« .+ « « o « « & o«

- N
5.17 Projection of sample ordination on the first and

second CA axes with a 45° rotation, profile XW-2,
Middle Mackintosh Creek - e .

5.18 Selected pollen ratios of profile XW-2

5.19 *4C dates vs depth relation of profile Xw-3, Upper
Mackintosh Creek . . .« « « « & + « &« o & &+ & =

5.20 Pollen percentage diagram of profile XW-3, Upper
Mackintosh Creek . . . -« « « « o « o & « o &

5.21 Absolute pollen accumulation rate diagram of profile
. XW-3, Upper Mackintosh Creek . ..

5.22 Dendrograms of zonation procedure of profile XW-3

5.23a Principal cdmponent loadings of selected taxa on the

first and second PCA axes, profile Xw-3, Upper
Mackintosh Creek . . . . « « « « & ¢ « = ¢ = -

5.23b Principal component scores of profile XW-3 samples
on the first five PCA axes, Upper Mackintosh Creek

5.24 Ordination of combined data matrix of modern and
fossil pollen samples on the first {horizontal) and
second (vertical) chﬁaxes, profile XW-3, Upper
Mackintosh Creek ... .« « & o« + o « « & o = & o

§.25 Ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal) and
second {(vertical) CA axes, profile XW-3, Upper
Mackintosh Creek . . . . . . . .

xx1

149

150

152

154

155

161

168

170

171

172

181

182

185

187




.26

.27

.28

Projection of sample ordination on the first and’
second CA axes with a 45° rotatlon, profile XW-3,
Upper Mackxntosh Creek . . . o e e e e

Selected polLen ratlos of profile XW-3 . . . « - iy

Correlation of pollen sequences in the northern
Aishihik ‘Basin . .« « o« o o o a & = 4 e 2 4

xxii

188

189

.+ 199

LAa

.4b

.9a

.9b

.10

(N

Location map of fossil pollen sites in the central

Aishihik Basin e I
I'4

Pollen percentage diagram of profile XW-4

Dendrogram of numerical zonation results for prefile
XwW-4

Principal component loadings of selected taxa on the
first and second PCA axes, profile XW-4, Polecat Lake
aArea .« . o+ o+ s . e e e e e e e e e e s e e s

Principal component scores of .profile XW-4 samples on
the first five pca axes, Polecat Lake area

Ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal) and
second (vertical) PCB axes, profile XW-4, Polecat
Lake area . . « « ¢« « « o+ . 2% . . .

Ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal} and
second (vertical) CA axes, profile XW-4, Polecat Lake
ArEa8 .« .« + s+ s e e e a s .

Pollen percentage dlagram of proflle Aishihik Kettle
(XW-5) . . . . . e e e e e e e e

Dendrogram of numerical zonation results for profile
XW—S . - . . . . . - » . - . . N - . . . a .

Principal component loadings of selected taxa on the
first and second PCA axes, profile Aishihik Kettle
(XW-5) . . . . .« . < . .« s e e e e e e

pPrincipal .component séores of profile Aishihik Kettle
(XW-5) samples on the first five PCA axes

Ordination of combined data matrix of moderm and
fossil pollen samples on the first (horizontal) and
second {vertical) PCB axes, profile Aishihik Kettle
(XW=-5) . . . . . . . .

204
207

208
213
214

218

219
226

2217

232

233

234



W11

.12

C{XW-S) . . . e e

?

ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal) and
second (vertical) CA axes, profile Aishihik Kettle

Projection of sample ordination on the flrst and )
second CA axes with a 45° rotation, profile Aishihik
Kettle (xw—S) . . . . . . . . . . .

xxili

-236

2317

.13

.14

.15

.16

.17

.18

.19

.20

.21a Principal component loadings of selected taxa on the

Selected pollen ratios of profile Aishihik Kettle
(XW-5) e e s e e e e e e e e e

Sediment types between Aishihik and Sekulmun Lakes
(after Geurts et al. 1985} . .

-

Organic content of Moose Depression sediments

Percentage frequency of particles with different
grain size group. Result of loss on ignition also
presented at the right column . . . . .-.

14C date vs depth relation of pfofile Moose
Depression (XW-6) ‘

Pollen percentage diagram of profile Moose Depression
~(XW-6) . .

Absolute pollen accumulation rate diagram of profile
Moose Depression (XW-6) . . . . . . .

Dendrograms of zonation procedure of profile Moose
Depression (XW-6) : . . . . . . . -

241

244

247

249

254

255

256

257

first and second PCA axes, profile Moose Depression

{XW-6)

»

.21b Principal component scores of profile Moose

.22

.23

Depression (XW-6) samples on the first five PCA
AXEES . 4 - e e & e e e e e e e s

Ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal) and
second (vertical) PCB axes, profile Moose Depression
(XW-6), Aishihik . « . « « « « « + . . :

ordination of combined data matrix of modern and
fossil pollen samples on the first (horizontal} and
second {vertical) CA axes, profile Moose Depression
{(XW-6), Aishihik . . . . . . - .

267
268
271

273




xxiv

.24 Selected pollen ratios of profile Moose Depression

(XW=6) . + v o & « o o+ o o« o 4 o 2 s 4 s s . 275
.25 A summary pollen percentage diagram of profile Moose

Depression (XW-6) using a sum of tree and shrub

pollen e . 280
26 Correlation of pollen seqguences in the central

Aishihik Basin 283
.1 Map of Ittlemit Lake Basin show1ng fossil pollen site

and topography . .« . .« . + & & ot . . . . . . 288
.2 Relation of **C dates’ vs depth for profile XW-7 292
.3 Pollen percentage diagram of-profile XW-7, Ittlemit

Lake area e e e e e e e e e e e e e e e e 294
.4 Dendrogram of zonation procedure of profile XW-7 295
.5 Absolute pollen accumulation rate diagram of profiile

Xw-1 . e e e 301

. ) .

.6a Principal component loadings of selected taxa on the

first and second PCA axes, profile Xw-7, Ittlemit

LAaK@ @LLA « + - « « o o a0 w4 a o 4 e e e e e 306
.6b Principal component scores of profile XW-7 samples on

the first five PCA aXxes e . . 307
.7 ©Ordination of combined matrix of modern and fossil

pollen samples on the first (horizontal) and second

(vertical) PCB axes, profile XW-7, Ittlemit Lake area 311
.8 oOrdination of combined matrix of modern and fossil

pollen samples on the first (horizontal)} and second

(vertical) CA axes, profile XW-7, Ittlemit Lake area 314
.9 Selected pollen ratios of profile XW-7 at Ittlemit

Lake area . e e e e e e s e e e e e e e 317
.10 Projection. of sample ordination on the first and

second CA axes with a 45° rotation, Profile XW-7 327
.1 Map of Bear Lakes area showing fossil pollen sites

and topqgraphy e e e e e m e e e e e e e e 332
.2 "Relation of **C dates vs depth for proflle ngh Bog

(XwW-8) . . . 334
.3 Pollen percentage diagram of profile High Bog (XW-8) 336



Absolute pollen accumulation rate diagram of profile
High Bog (XW-8) . . . . . . . « .

. . . . a - . . .

Dendrogram of zonation procedure of profile High Bog
{Xw-8) P

» - . - - - 3 . .

Principal component lcadings of selected taxa on the
first and second PCA axes, profile High Bog (XW-8)}

XXV
1337
338

.345

Principal component scores of profile High Bog {XW-8)
samples on the first five PCA axes . . . . . N
ordination of combined matrix of modern and fossil
pollen samples on the first (horizontal) and second
(vertical) PCB axes, profile High Bog (XW-8) . .

ordination of combined matrix of modern and fosslil
pollen samples on the first (horizontal) and second

(vertical) CA axes, profile High Bog (XW-8)

8.9

8.10

Pollen percentage diagram of profile XW-13

pPendrogram of zonation procedure of profile XW-13

8.1la Principal component loadings of selected taxa on the

first and second PCA axes, profile XW-13

8.11b Principal component scores of profile XW-13 samples

8.12

on the first five PCA axes

Ordination of combined matrix of modern and fossil
pollen samples on the first ({horizontal) and second
(vertical) PCB axes, profile XW-13

Ordination of combined matrix of modern and fossil
pollen samples on the first (horizontal) and second
(vertical) CA axes, profile XwW-13

A summary diagram of Picea pollen percentage in the
study area . . . .« < 4+ & . . . . . e .

' 1
A summary diagram of Pinus pollen percentage in the
study area . .« .« .+ . o e 4 e e e e e . .

A summary diagram of Alnus pollen percentage in the
study area s s e e . I

Dendrogram plotted by qrogram CONZONE . . . .

Examples of sediment symbols plotted by program
PALYDP . . .« « « « o « o + « -« e e e e e

- .

. 346

. 348

.349

.354

. 355

.360

.361

.363

.364

.388

+390

.394

.462

.490




List of Tables

Tab r Page
1.1 A summary of fossil pollen sites frequently referred

in the text . . . . . . .. . 6
1.7 A summary of fussil—pollen-sitesin this study - 24
2.1 Temperature and precipitation in four stations in the

southwest Yukon . . . . . . . - 35
2.2 Percentage frequency of wind directions at Aishihik,

Yukon Territory . . . . . . . 38
2.3 Mean wind speed in kilometres per hour at Aishihik

Station 38
4.1 Comparison of sample classification suggested by

cluster analysis and by vegetation-landform units

from which the samples were collected 102
4.2 Summary of selected pollen percentage ranges and

their_ means . . c . 104
5.1 *+C dates of profile XW-1 at Upper Nisling Valley . 116
5.2 14C dates of profile XW-3 at Upper Mackintosh Creek 167
6.1 Results of grain size analysis of profile Moose

Depressiom (XW-6) sediments . 250

. .
6.2 24C dates of profile Moose Depression (XW-6) . . 253
6.3 Sedimentation rates of profile Moose Depraghion

(XW-6) . . . « « « « . . 253

)' - -

7.1 24C dates of profile XW-7 at Ittlemit Lake area 291
7.2 Sedimentation rates of profile XW-7 at Ittlemit Lake

area e v e e e e e e e e e e 291
8.1 2*<C dates of profile High Bog .(XW-8) 333
8.2 Sedimentation rates of profile High Bog (XW-8) 333
9.1 Late Quaternary vegetation history from selected

localities in northwestern North America 378
F.l1 Listing of computer proéram CONZONE. . 443

XXVi



xxwvij

F.2 An example of input data file for program CONZONE 459
F.3 An example of output file for program CONZONE . . . 460
G.l The listing oﬁ program PALYDP . . . . . . . 491
G.2 Listing of coﬁputér program SUMPLT FORTRAN . . . . 537
G.3 Aan example of input data file for program PALYDP 542
G.4 An Example of control card file for program PALYDP 544
G.5 An example of preparation result file (input) for

program PALYDP . . . . . . 544




List of Appendices

Appendix A Preparation Procedure for Moss Polster

» Samples . . . . . 429
Appendix B Preparation Procedure for Sediment Samples . 430
Appendix C Loss on Ignition Procedure . . . . . . . . 431
Appendix D Grain Size Analysis Procedure . . .. 432
Appendix E Statistical Formulas Used if This Study . . 433
Appendix F CONZONE: a FORTRAN-77 Computer Program for

the uumr::.;x-ul Zonation—of—Pollen Data- i
User's Guide and Program Listing . . . . . 435

Appendix G PALYDP (PALYnological Data Processor): a
FORTRAN-77 Program for Processing
Palynological Data. - A User's Guide and
Program Listing . . . . . . . . « « « .« . . 463

xxviii



Chapter 1

Introduction




1.1 Introduction

Pollen analysis has been widely used throughout the world
as a tool for the reconstruction of Quaternary vegetational

history and climatic changes. During the last few decades,

palynclogical investigations im morthwestern—€anada—have—been————
one of the important targets for Quaternary research because of

the geographic position. Most of Canada experienced several
periods of massive glaciation during Pleistocene while most of
Alaska and the”far northwest of Canada escaped the last
glaciation, and therefore formed an important refugium during

late Pleistocene for the plants and animals (Hultén, 1937). The
consequent approach of post-glacial environmental hi%tory in

this region also exﬁibits great interest for éua;érnary
scientists since the high latitude sites are sensitive to
global change of environmental condigions, which is of great
importance to human society. A working knowledge of the history o0
of variation of post—glaci;l environmehts is essential for a
better uhdefstanding of the inter-relationships between the

Earth's ecosystem and climatic conditions upon which human

beings depend.

Attempts to reconstruct pasf environments tﬁrough pollen
analysis are based upon the collection and appropriate
interpretation f modern and fossil pollen records. The
Aishihik Basin and its adjacent tareas (Fig. 1.1) have been

chosen for such an effort in order to trace the environmental
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history. Although it is close to the east end of SZ;ingia, this
region has not been fully investigated for pollen records and
therefore remains a large gap‘in the paleogeography of

northwestern Canada. }

1.2 mw'wmmw

Yukon Territory and adjacent Areas

Previous palynological investigétione of late Quaternary
environment history in northwest Canada and adjacent Alaska
have been summarized before (Terasmae, 1961; 1967a; 1973;
Ritchie, 1976; 1984a; 1985; Ritchie and Hare, 1571; Liu, 1980;
Wright, 1971; Nichols, 1974; 1975;.C01invaux, 1967b; Hills and
Ssangster, 1980; Ager, 1983; Ager and Brubaker, 1985; Heusser,
1983; MacDonald, 1984). During thé last few decades, a number
of paleoecological'ihvestigations of the late Quaternary
historf of vegetation and climatic variation in Yukon
Territory, Alaska, and Northwest Territories have been carried
oht {e.q. Terasmae} 1959; Terasmae and Hughes, "1966; Ritchie,
1982; Ritchie et al., 1982; Lichti-Federovich, 1973; 1974;
ovenden, 1982; Cwynar, 1982; Rampton, 1971; Hansen,.1953;
Ritch}e, 1972; Ritchie and Hare, 1971; Spear, 1983; Hyvdrinen
anad Ritchie; 1975; Mackay and Terasmae, 1963; Ritchie, 1984a;
1984b; MacbDonald, 1983; Slater, 1978; Matthews, 1974; 1975;
1980; Nichols, 1972; 1974; 1975; Bourgeols et Geurts, 1983;

Geurts, 1985; Beaudet, 1986; Campbell, 1987; de Bastiani, 1988;

wang, 1988a; Ager, 1975; 1983; Ager and Sims, 1981; 1984;

L)

Fohe



(S

Schweger, 1981; 1982; Brubaker et al., 1983; Livingstone, 1955;
1857; Hopkins et al., 1981; 1982). Among these numerous
publications, most pollen profiles concerning the history of
paleoenvironment are concentrated in Alaska, northern Yukon,

and adjacent Northwest Territories. These areas were not

glaciated during the repeated glaciations of the Quaternary and
form the eastern end of an ice-free refugium named Beringia by
Hultén (1937). As an area that provided the late Cenozoic

tdrrestrial link between the easterﬁ and western hemispheres

(Matthews, 1979), Beringia has drawn much attention, and lts

vegetation ﬁistory during the Quaternary still remaihs in
dispute (Matthews, 1982). The debate is concentrated on whether
late Pleistocene vegetation'was an exflnct ancient "“arctic-
steppe biome" (Matthews, 1976; Guthrie, 1982) or a sparse,
discontinuoué herbaceous tundra on upland sites and 1ocai
sedge-grass meadows on lowlands (Cwynar and Ritechie, 1980;
Cwynar, 1982; Ritchie and Fwynér, 1982). Consequently, pollen
sites which cover the vegetation history of post—glscial time
in Beringia provide a_ much larger ;ecord than sites in the
glaciated.southwestern Yukon and its adjacent areas. This
‘section summarizes most of the published pollen proflles in ﬁhe
southwest Yukon Territory and its adjacent area. Several
“impdrtant profiles from the east end of Beringia will be
mentioned also. rTable 1.1 and figure 1.2 illustraée the

frequently mentioned pollen sites in the area.
A -
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Hansen (1953) was probably the first palynological
1nvéstigat1;n in the area (site 2 on fig.‘1.2), reporting 75
peat sections and 40 pollen diagrams along tﬁe Alaska Highway.
More recently, Rampton (1871, sité 8) reported a 6.4 m sequence
from Antifreeze Pond in the Snag - Klutlan area (62°21' N,
140°50' W), which provided the firsggisﬁg records of detalled
pollen analysis for the entire region, covering én interval
from about 31,000 yr ﬁP to the'présent; The original percentage
diagram'was divided into 6 pollen zones. Rampton (1971}
‘concluded that pollen zone 1 rép;esents alsedde—moss or fell-
field vegetation stage, and Zone 2 a shrub tundra vegetatlon in
the area under slightly less severe climatic condltions. Sedge-
moss tundra with a cold summer climatehprevailed in the area
during zone 3 time, from 27,000 to'9a280 yr BP. The pos£-
glaciél environment historylls'represented'by pollen zones 4 to

6, which indicate a transition from shrub tundra via Plcea

woodland to mature Picea forest. Zone 4 répresents a time

interval from 9,980 yr BP to 8,710 yf BP during which the area
was covered by a shrub tundra similar to zone 2 but
characterized by increased precipitation. Sbruce invaded the
area about 8,710 yr BP at the beginning of zone 5, and a spruces
forest' or woodland vegetation was ?nterpreted from pollen
records. A sharp rise of Alnus poilen at 5,700 yr BP marks the
end-of-zone 5 and the beginniné of zone 6. The vegetation and

climate in the area during thls period have been interpreted as




10
similar to those at present. It is also suggested by
macrofossil evidence that the treeline was higher than at
present at least three times sincé'5,700 yr BP, however such a

regime was not reglistered in pollen records.

-

\ :
" Four short profiles. from Gull Lake and Triangle Lake at

the Klutlan Glacier area in the southwest Yukon were reported
by Birks (1ésoa, site 6). These profiles represent the’
vegetation history of the last 1,230 years.‘Pollen records on
the upland at Guil Lake suggest an initial %peéies-rich
treeless vegetation after the White River eruption (at‘about
1,230 yf BP, see chapter 2). This vegetation cover was reﬁlaced
by birch-alder-willow shrub tundra which was replaced'by an
open spruce forest similar to the present vegetatidn around the
lake. Profile’ Triangle Lake provided pollen éecords of a
vegetation succession from a §glig—3heghe;dia canadensis stage
via open spruce woodland to a depnse spruce forest. These
profiles however, are lacking in *+C date control although the
~ presence of the White River ash 1ayerﬂdoes provide a reliabie

date of 1,230 yr BP (Denton and Karién,~1977).

Bourgeois and Geurts‘(1983) ;eported three pollen sections
from the Grizzly Creek basin in the southwest Yukon Territory.
Three pol{en zones were Iinterpreted from these profiles
presenting evidence for vegepation evolution in the area during

the last 2,000 years (site 5)., The oldest zone has been

b o
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interpreted as representing a vegetation which is comparable to
that of the present and a climate similar to or slightly colderx
than today. The subsequen§ zone represents a drier and warmer

climate than before causing a strong decrease of Picea in the

\\Eiiién spectra (a break of pollen production). Zone 3

represents vegetafion and climate conditions similar to those
of %?ne 1 thus marking the return of zone 1 environmental
conditions to the area. |
. ¢
A 3.05 meter lacustrine sediment, core analyzed by Beaudet
(1986)‘at Upper Mackintosh Creek is the firsé pollen profile
" obtained in the Aishihik Basin ({site 1), and was classifled
into three local pollen zones. Interpretation of the pollen
records in this profile suggeéts that the area was covered by a
herb tundra followed by a birch-dominated shrub tundra at about
9,900 yr BP. Spruce arrived .in the area at about 8,900 yr BP.
The modern forest tundra vegetation developed at about 8,000 yr
BP and has remainéd stable since then. However, the conclusion
that- the pollen records of this profile indirectly support the
spruce refugium hypothesis 1n unglaciated southwestern Yukon

- and/or Alaska lacks hard data.

Campbell (1587, site 7) analyzed a 2.34 meter section from
Shaky Hand Creek in the central Ruby Range near the Aishihik
Basin. The pollen profile was divided into 7 local pollen zones

which represéht a small-scale, short—ddration, climatic




oscillation regime over the past 4,500 yeai!?fz:o different
states of the oscillation have been proposed which includes é
present cold and semi-arid condition and a warmer and drier
climate. However; due to _severe problems with **C date
determination, the absolute chronology of these events is
uncert;in.

- I
Pollen records from a 26 cm section in the Bear Lakes area
(Wang and Geurts, 1987a; Wang, 1988a; site e) represent 2
history of vegetational and climatic variat}on during the last
1,230 years. The area was covered by spruce forest tundra after

the deposition of the White River ash, which is supported by

both polien and macrofossil evidence. Natural fire was

12

.1nterpreted as being responsible for an abrupt decl1ne of

spruce pollen. Reforestation in the area occurred quickly after
the fire as a result of the strong reforestation potential of
the prefire vegetation. An abrupt increase of spruce pollen in

the uppermost part of the section, and the periodic occurrence

of Pinus pollen peaks, have been interpreted as an indicatioﬁ
of the occurrenée of colder and moister climatic donditions and
a periodic shift of atmospheric circulation systems in the
area. This 1pterpretation is consistent with the evidence of

glacier‘advancedin the St. Elias Mountains during the Little

Ice Age.

.
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More recently, Stuart et al. (1988, site 3) reported a
1.73 m sequence at Jenny Lake located about 55 km northwest of
Haines Junction in the southwe$§ Yukon. The sequ;nce ig divided
into 5 pollén.zones which cover the period from 12,500 yr BP to
the bresent. Zone 1 is interpreted as a shrub-tundra asgemblage
which ranges from about 12,500 -to 9,500 yr BP. Zone 2 from
9,500 to 8,500 yr BP is dominated by .Alnus therefore
representing an Alnus shrub-tundra. Zone 3 represeﬁfs an
interval of Picea fore;t in the area, from 8,500 to 4,500 yr

c
BP. Zone 4 is characterized by an increase of Alnus from 15% to

about 25%, and a decrease of Picea. A Picea-Alnus woodland is

reconstructed from about 4,500 to 2,000 yr BP. Zone 5 covers an

Ynterval from about 2,000 yxr BP to the present, characterlized

by‘a return of Picea dominance in the area. The authors havg
concluded that pollen records of this sequencé do not support
the belief that the southwest Yukon supported an extensive
grassland vegetation during much of Holocene }Joﬁnson'and Raup,
1964; Workmaﬁ, 1978), and therefore érgued for a re-evaluation
of the hypothesis that early prehistoric hdnters and gatherers

in the area were adapted to grasslands.

A 2.75 m pollen section at Williscroft Creek in the Kluane
Lake area (de Bastiani et Geurts, 1987; de Bastiani, 1988; site
4) represents a time interval from 5,480 yr BP to present

during which a dense spruce forest covered the landscape in the

_area. It has been concluded that "the low altitude forest was
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not affecfed by Neoglaclial climatic £fluctuations such as
¢
" observed at high altitude sites" (de Bastiani, 1988, p. 1).

Such a conclusion is consistent with that of Stuart et al.

(1988).

. Besides the above mentioned pollen seqguences in thE"\f/f
soukhwest Yukon, some pollen profiles from the-cenf;al to north
Yukon, the adjacent Northwest Territories and Alaska provided
interesting data pertinent to this study due to their detailed
and distinctive pollen records of postglacial time. Terasmae
and Hughes' (1966, site 12) reported a pollen sequence from a
4,2 m frozen peat core at Chapman Lake in the Ogilvie Mountalins
which‘represents a vegetational history for the past 13,870
years. Cyperaceae and Gramineae dominatéd pellen zone 1 while
zone 2 was characterized by an abrupt rise of Betula. Zone 3

represented a Picea-Alnus assemblage. Although the second site

at Gill Lake investigated by Terasmae and Hughes (1966) lacked
the herbaceous zone of the Chapman Lake profile, the basic
pattern of these two profiles has been repeatedly recognized at

many sites in the northwest (Ritchie, 1985).

The pollen profile of Lateral Pond in the Richardson
Mountalns in northern Yuken (Ritchie, 1982, site 13) has been
repeatedly cited as a representative example of late Quaternary

pollen records in this area. The area supported a sparse,

unproductive herb tundra on the lower montane slopes and a
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sedge-grass marsh compiek in poorly drained sites be fore 16,606
yr BP. By 12,500 yr BP the entire région was covered by a
treeless community, while a rapid spread of dwarf shrubs
occurred at 12,000 yr BP. The modern spruce wbodiand had

established at about 7,500 yr BP, and changed slightly with the

expansion of Alnus and tree birch to their modern status around

6,000 yr BP.

Further north in the 0l1d Crow Flats area, a 4.03 m pollen
sequence was reported by Cwynar {1982, site 18), who provided a
very detailed “and thorough analysis with numerous **C dates,
large pollen sums, and detailed pollen identifications. The
sequence was divided into 5 pollem zones which represent a-
vegetation history povering the past 25,000 or 33,000 years.
pPollen zone 1, from 33,000 to 18,450 yr BP, was dominated by
herbaceous pollen with a low pollen accumulation rate.
Interpretation of this herb zone as a sparse, discontinuous
vegetation of herbaceous tundra on upland and local sedge-grass
meadows on lowlands, challenges the traditional arctic-steppe
or grassland concept of late Pleistocene paleovegetation In the
unglaciated northern Yukon (Cwynar and Ritchie, 1980; Cwynar,
1982; Ritchie and Cwynar, 1982). Zone 2 suggests the
development of snowbed and willow scrub communities in
sheltered areas between 18,450 and 14,600 yr BP. Zone 3°
indicates the spread of dwarf bixches into the area between.

14,600 and 11,000 yr BP. Variations of the pollen spectra of
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zone 4 represent a warmer and wetter climate from 11,000 to
8,900 yr BP and provide evidence for a late Pleistocene to
early Holocene warm interval (Cwynar,~ 1982; Ritchie et é;.,
1983). The last pollen zone represents the regional expansion

of Alnus crispa into the area from 8,900-yr BP and the pollen

spectra remain unchanged until the present.

Matthews (1980) reported a pollen seguence from Jéhn
Klondike Bog in the southwest District of Mackenzie in the
Northwest Territories, which consisted of a 4.7 m peat'and
gyttja core. Three regional pollen zones ;ere recognized from.
this profile, which represent a history of paleoecological
evolution for the last 9,600 years. Macrofossils including
mollusca, lnsects, as well as fruits and éeeds of higher plants
were also recovered from this sequence. Interpretation of the
pollen and macrofossil records indicafes that épfuce forest

conditions have prevailed in the area for most of the’ last

9,500 years. Pinus moved into the area at about 6,700 yr BP and

have never been much less or more abundant than now during the
~last 6,700 years. Alnus were absent or rare in ‘the area prior
to 8,700 yr BP. This sequence, however, in general is largely a
record of local environmental change during the last 9,600

years.

In the southwestern Northwest Territories, MacDonald

(1983) reported a 2.3 m peat sequence in the Upper Natla River
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area (site 28). This profile £ills a large geographic gap of
palynological iﬁvestigation in the entire region, and
represents a vegetation history covering the past 8,640 yeafs.
Two pollen zones were recognized and interpretations were
facilitated by a set of 15 surface pollen samples and analyzed
with principal component analysis. Interpretation of the
records suggests that a dwarf birch tundra was widespread 1in
the entire valley from 8,640 to 7,000 yr BP, and Elggg-expanded
into the area at about 7,700 yr BP, <remaining at its greatesf
dominance in the landscape until 5,000 yr BP. During this
period, as MacD&nald suggested, the treeline was probably
higher than its present position as a result of middle Holocene

climate amelioration. '

More recently, MacDonald (1984; 1987) analyzed nine pallen
profiles along a broad latituvdinal transect extending from
central Alberta to the Middle Mackenzie River valley, Northwestl
Territories, of which two profiles from ;he middle Mackenzle
River valley are illustrated on.figﬂre 1.2 aﬁd table 1.1 (sites
26 and 27; other profiles are offt -8f the mapped area). The
Middle'Mackenzie River valley supported a herb and shrub
dominated vegetation during the interval of 12,000 to 11,000 yr
BP. From 10,500 to 8,500 yr BP the region was dominated by a
Betula glandulosa shrubland. Picea glauca arrived in the region

shortly after 9,000 yr BP, and Alnus crispa achieved its late

Holocene and modern representation in the region by 5,000 yr




BP. MacDonald has concluded that the early Holocene was a
period of vegetation instability and rapid change, and regional
vegetation of this period lacks a modern analogue in the area.
Modern boreal forest has been established in the area since

5,000 yr BP and has remained stable since then.

A number of‘pollen profiles have been reported from the
Mackenzie River valley and Tuktoyaktuk peninsula which providg
detailed pal&nological records of late- and post-glacial
vegetation history (Ritchie, 1972; 19773 1984a; 1984b; Ritchie
and Hare, 1971; Spear, 1983; Hyvdrinen and Ritchie, 1875;
Mackay and ferasmae, 1963. Site 19425). Late Quaternary
'vegetation.history could be summarized in thié area from these
pub}ications. Following the 1last -deglaclation, the area was
probably covered by a dense shrub tundra on upland sites, a
Salix community with grass-sedges on poorly drained lowlands,
and an open sedge-herb-grass ;ommunity on ridge summits and
kame-like mounds. Spruce migrated into the Tuktoyaktuk
" peninsula at about 10,000 yr BP and a continuous spruce forest
occupied the landscape from 9,000 to 5,000 yr BP. The modern
forest-tundra ecotone reached its modern position at about
4,500 yr BP as the result of retreat of northern limit of
boreal forest (Ritchie, 1984a). In the lower Mackenzie River

"Basin at the Travaillant Lake :area (Ritchie, 1%84b), the

18

earliest vegetation cover from 10,500 to 9,000 yr BP in this

area was a Betula gqlandulosa-Salix shrub-tundra as the chief
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community. Plcea glauca invaded the area at about 9,000 yr BP
followed by a rapid expansion of the spruce forest onto upland

> b .

sites. Picea mariana spread into the area between about 8,500

and 5,060 yr BP. Alnus crispa and Alnus incana arrived at about

6,000-5,000 yr BP. Modern spruce-dominated vegetafion has begen

stable since ‘5,000 yr BP.

In adjacent Alaska at Brooks Range and Umiat, Livingstone
(1555; 1957) recognized three distinctive pollen assemblage
zones. The first zéne (herbaceous _zone) represents a herbaceous
tundra vegetation. The second zone (birch zone) represents a
shrub tundra environment with dwarf bir;h predominating. The

v

youhgest zone (Picea-Alnus zone) is characterized by high

percentages of Alnus and Picea. This three-zone seguence was

soon realized to be applicable over an extensive area 1in
central-north Alaska and north Yukon (Heusser, 1963; Colinvaux,

1964; 1967b).

Pollen records from lakes at Tanana Valley in the interior
of Alaska (Ager, 1975; 1983;‘Ager and Brubaker, 1985) provided
detailed continuous records of late Pleistocene and Holocene
vegetation history (site 9 and 10}. The herb zone of thesé lake
sequences suggests that the full glacjial vegetation in the
Tanana Valiey area was a herbaceous,tundéé community, w?ich was
replaced at about 14,000 yr BP by a shrub-tundra Qegetation

represented by a birch zone. From 11,500 to 9,500 yr BP the

19




area probably 5upported an open Pogﬁlus woodland aﬁd birch
shrub tundra, as suggested by the Populus-Salix zone. Picea
invaded the area at approximately 9,500 yr BPhand the area
supporte&“a spruce-birch forest-tundra vegetation. It has been
widely suspected that spruce spread into the southwest Yukon

Territory from the Tanana Valley shortly after the invasion at

- 9,500 yr BP. The Picea-Betula-Alnus zone from these lake

sequences 'suggests that the lowland boreal forest vegetation
similar to that at present was established at about 8,400 yx

BP, while at higher elevations Picea and Alnus occurred

simultaneously at about 7,500 yx BP.

Investigations in the Ped Pond area in the Porcupine
valley (Edwards and Brubaker, 1986, site 16) suggested that
shrub birch and willow probably occurred locally in a sparse

herb—dominéted landscape during late-glacial period and early

. Holocene. Picea glauca first arrived near Ped Pond about 8,500

»

years ago, which has been considered as an indication of rapid
expansion of spruce across far-eastern Beringia 8,000-9,000

years ago. Other boreal forest taxa became established between

7,000 and 8,000 yr BP. Alnus rose at about 7,500 yr BP, which
has been interpreted as reflecting an eastward movement . of

alder.

20

More recent investigation in the Black River region,

(Anderson et al., 1988) suggests that Livingstone's thfee—zone
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‘“sequence is recognizable in thisﬁarea (site 14 and 15). Tundra

. grew in the érea between 19,800 and 15,000 yr BP, while a bixch

zone occurred between 15,000 and 7,500 yr BP. Spread of Populus

(probably Populus balsamifera), Betula pana-dlanduloga, and

Salix between 9,700 and 7,500 yr BP resulted in a veget&%ion of"

shrub-tundra and populus forest mosaic. Picea glauca migrated
into the area at about 7,500 yr BP and PRicea ma;iﬁna ébout
1,500 yearxs later. Alnus invaded the area at about 7,200 yr BP.
Spruce arrived in'the_Blaék River region at 7,500 yr BP, and
that in the central Porcupine Vailey at the Ped Pond area
{Edwards and Brubakei,_lSBB) around 8,500 yr B?. This was as
much as 1,000 years after its first appearance in the Tanana
valley at 9,500 yr BP, and therefore queétions the previous
suggestion of spruce invasion from nor£hwestern canada via the
Porcupine and Yukon River into central Alaska (qukiﬁs et gl.,
1981; Ager, 1983), and indicates that this aiea probably was

not an early Holocene migration route for Picea.

1.3 oObjectives

The objectives of this t are to collect and interpret
data concerning the poéf:;:j:f:f paleoecology, the ‘local and
regional env1ronmenta1 history, the development and stability
of paleovegetation, and the variation of post-glacial climatic
conditions of the Aishihik Basin and adjacent areas, and to

undertake an assessment of palynological investigations 1in

permafrost regions.




22

1.3.1 Egigggcologigal Data ’

Detailed paleoecological data for the east end of Beringia
and adjacent aieas are availabie from tge literature as stated
in the previous section. However there are few palynological
records available from the southwest Yukon, especially in the.

Alshihik Basin and its adjacent areas. This study fills a large

t

‘geographic gap in the palynological investigation in northwest

Canada, which.is essential for a better understanding of the-

post-glacial environmental history of the are;;//ﬁ‘ .

1.3.2 Local Vegetation-Landform Relations and Environment

History

Most pollen seqyences from northern envinonmentg are
recovered from laééétiine sediments, 1i.e. gyttja, which
register the cﬁange 6fjpa1eovegetation on a regional scale.
Peat bog Sequences on the other_haﬁd~can provide detailed

evidence of variations of local paleoenvironmental conditions

"without the common problem of thé disturbance of sediments in

lacustrine environment (Birks and Birks, 1980). Determination
of local environmeht and the relationship between pollen
sbectra and local landscape have beén previously practiced (eq.
Savoie et Ganéloff, i980; Geurts, 1983?:g£;.). For this
purpose, éevgialapeat sequences were recovered from the study

drea.
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1.3.3 Vegetation Development and its Stability - -

Post—glacial'vegetation developmént and vegetation
stability will be considered and major factors controllrng the
vegéfation stability will“be discussed.

— *

1.3.4 Paleoclimatlc Inference

Paleoecolog1ca1 data will be used to reconstruct the
variations of post—glacial climatic conditions. Such an effort
will be facilitated with information regarding the-relationship

+ -

befween modern surficial palynology and modern climatic

i

-1.3.5 Problems of Pollen Analysis in Permafrost Regions

cenditions.

Efforts will be made to assess the problems, of pollen
analysis in permafrost sequences related to the influence of

o~

ice lensing and frost heaving on the determination of pollen

accuwion rates in peat sediments.
L

s

" r'd g >

-

1.3.6 SJ;marx

Adhfevement of these objectives was attempted using
‘palynological evidence collected from the Aishihik Basin and:
its adjacent areas. Nine pollen sequences, of which 2 were
limnic sediments, were recovércd (Fig. 1.3, Tab. 1.2).

Interpretation of the results was supplemented by the

&
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previously published palynological data in the area. Surficial
pollen data were also obtained to compare the modern and fossil

pollen spectra.

The thesis is broadly divided into thre% parts. The first
part, chapters 1 to 3, contains_introdudtory:and backgroumi
material. The second part;.chapters 4 to 8, contains the modern
and post-glacial pollen records in the different parts of the
study area. The last part, chapters 9 and 10, is a s&nthesis

LY

and concluding discussion of all related topics.



Chapter 2

Physical Setting of the Study Area

217
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2.1 Physiography
The physiography of the southwest Yukon Territory has' been
fully  described and various subdivisibns have been named by
Bostock (1948, 1952). The basic classification anq unit names

are followed here (Fig. 2.1).

Bostock divided the Canadian Cordillera into three
éystems, western, Interior and Eastern. The Western system
comprises a lofty barrier betwéen the interio¥ Yukon and the
pacific Ocean. The St. Elias Mountains, the highest mountains
of Canada and the largest group of great peaks in North America
(Bostock, 1948), are an important physiographic component in
the southwest Yukon because of their influence on climatic

condftiqns and impact on aeropalynology of the study area.

The Interior system is made up of several major and minor
mountain and plateau areas. Of these units, the Western Yuko%
Plateau, in Bostock's classification hierarchy, comprises
Kluane Plateau, Klondike Plateau, and Shakwak Valley. Klondike
Platequ is uniform in character. Kluane Plateau, however, with
a general elevation of 1,524.m, is variable and also divisible
'into several subunits. Of these subunits, Ruby Range is the
highest part of the plateau, reaching elevations up to 2,438 m
(Bostock, 1952). North of Ruby Range, a few peaks of Nisling

Range reach 2,130 m. Southeast of Nisling Range and east of

Ruby Range, a subunit was identified by Bostock as Aishihik
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Basin, which includes Aisgihik Lake and the area to fhe
southeast. Most of the palynological;investigations in this
work are undertaken within this hasin and its adjacent areas.
Bostock (1948) described the physiﬁgraphic features of this

basin as follows:

"Alshihik Basin is a broad, rolling éepression lying
for the most part between 4,000 and 5,000 feet above
sea-level, and has a general slope northeast to Lews
Plateau and Nisling River. Except for a number of
rather widely separated valleys, whose floors are
about 3,000 feet high, its dissection is not marked,
and between Sekulmun and Aishihik Lakes and east of |
the latter broad stretches of rather smooth rolling
plateau have a relief of about 1,000 feet witﬁout
distinctly entrenched vélleys.'A few isolated
mountains and mountain groups, with elevations in
excess of 6,000 feet, sta@d upon it. Pleistocene ice
‘reached to a height of. about 5,000 feet above
sea-level in the southern part of the basin, and
moved northwestward along Aishihik Lake to near
Nisling River. The ice also overflowed northeastward
through gaps in the divide between Aishihik Lake and
Nordenskiold River. A great part of the basin is

drift covered." (p. 72). . ] )
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The last subunit of Kluane Plateau is Wellesley Basin,

which is located to the northwest in Kluane Plateau and has an

* slevation of about 610 m.

The Eastern System is made up of three units. Of these the
Arctic Mountain and Mackenzie Mountain areas have bulilt up a
barrier between the interior Yukon and the Axctic Ocean, which

has influenced the climatic conditions of the study area.

The environment described above makes up the physiographic
framewbrk of the study drea and its adjacent territory. All
environmental factors, such as vegetation distribution,
evolution and climatic conditions, are controlled or influenced

by this physiographic pattern.

2.2 Present Vegetation
Regional éspects of the vedetation in southwest Yukon

Territory have been' well documented (0swald and Senyk, 1977;
Rowe, 1972; Orloci and Stanek, 1979; Douglas, 1974; Johnson and
Raup, 1964; Parent, 1988). However, no detaliled ;nvestigations
of either the‘present flora or vegefation have been carfled out
in the Aishihik Basin. This section, éhe;efore, contains only a
sketch of the present vegetation in the study area based upon

airphoto interpretation and limited field observations. Further

information about modern vegetation can be found under

descriptions of physiographic setting for each pollen profile.
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The study area falls in the central Yukon boreal forest
region (Fig. 2.2; Rowe, 1975). Local tree line on the adjacent
Ruby Range occurs at 1,158 m (Price, 1971). Within this general
context, present vegetation cover exhibits great variety due to
the complexity of lanafoim, and can be classified into
different vegetation-landform units. The diversity of these
units is one of the most striking features of the.aréa. The
Nisling Valley area is covered by spruce forest with variations
in vegetation—lgndform units. The North end of Aishihik and
Sekulmun Lakes area also supports dense spruce fores{. A broad
region between these two forest areas, namely from north of
Stevens Lake to an area near Nisling Valley, is covered by
forest-tundra with different tree density. The forest spreads
southward to the edge of the study area. As the resulf of its
hilly and undulating topography, the area also exhibits
altitudinal variation of vegetation cover. This variation is
most conspicuous in the east and south-east parts of the area

——

adjaéént to the mountain kranges.

The differentiation of vegefation is controlled not only
‘by altifudinal and ecological succession but also by landforms
'and surficial material. Picea glauca (white sprucé) forest or
woodland often occupy the hills or southerly slopes of gullies
which are well-drained, mesic to nmderateiy dry, and often
covered by glacial till. Populus spp: groyes are occasionally
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found at the tops or upper slopes of moraiﬁé ridges in the Bear
Lakes and Aishihik area. Betula glandulosa-dominateéd shrub
communities are usually restricted to poorly to moderately
drained depressions on glacial t{ill barent material, and §%%i;
glauca-dominated shrug‘communities are common En hesic to dry,
moderately drained. to well-drained glacial tiil. Cyperacéae;
dominated herbaceous comﬁunities,'however, occur on most poorly
drained lowlands or in depressions su¢h asiwet meadow Or wet
tundra on organic peat deposits of various thicknegs usually
underlain by glacial drift or glac¢ial-fluvial deposits. This
wet community is spread all over the area upon .the landform
variation. - |

\

2.3 Modern Climate . . %

The study area is on the éouthern edge of the "Ceﬁtral
Interior" climatic division of the Yukon‘Territory (Kendrew and
Kerr, 1955). Climatic records (Environment Canada, 1982) from
the abandoneg Aishihik climatic station, which was located at
the centre of the study area, show that there are seven months
in which the mean daily temperature is lower than the freezing
point, and similar records have also been discovered® in the
climatic stations of Snag, Kluane, and Carmacks (Tab. 2.1).
Mean annual temperature in Aishihik is -4.4°C. The ombrothermic

diagram is shown in figure 2.3.



Table 2.1 Temperature (°C) and precipitation (mm) in foux
stations in southwest Yukon _—
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| [ | |
|~ Aishihik | Carmacks | Snag | Kluane
Month| ] I ]
| l | l
| T | T | T P | T P
| f [ ]
[ I o i
Jan | -23.6 11.7 | -28.2 18.4 | =30.4 17.2 | -20.5 7.2
Feb | -16.9 9.1 | -19.4 12.5 | -22.0 16.0 | -15.4 5.9
‘Mar | -12.2 10.1 | -11.6 10.6 | -14.1 12.4 [ -10.9 5.2
Apr | -3.7 8.3 1 -0.1 7.2 { -2.2 17.9 | -1.8 7.9
May | 4.2 22.4 | 7.1 15.5 | 6.4 28.9 | 5.4 22.1
Jun | 9.8 41.1 { 12.5 37.4 | 12.0-58.3 | 10.3 32.3
Jul | 12.1 48.5 | 14.5 42.3 | 14.0 61.1 | 12.6 47.0
Aug | 10.3 -40.5 | 12.4 34.1 | 11.5 39.0 | 11.2 34.1
Sep | 5.1 24.5 | 6.7 25.1 | 5.2 29.0 | 6.3 17.2
Oct | -2.6 16.0 | -2.0 17.7 | -6.1 21.0 | -1.6 116.3
Nov | -13.6 12.4 | -13.8 18.6 | -19.3 18.8 | -9.7 17.7
Dec | -21.9 11.7 | -24.0 14.9 | -28.2 18.9 | -i8.5 11.0
[ I ] |
| . i I |
Year | -4.4 256.3 | -3.8 254.3 | -6.1 338.5 | =-2.7.223.9
| ] | ]
Note: Data from Environment Canada (1982)
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This area receives an average, of 256.3 mm precipitation
per year, with qg.z% of that being rainfall. 79.1% of annual

rainfall and 5&\ of annual total precipitation occurs in June,

 July and August'(Tab. 2.1). This precipitation regime makes the

region one of the driest in Canada. ¥

. Le -

Summer in the area is very short. An average of 16 years
of records shows 47 frost-free days. The last day of frost
occurs on June‘23,‘and the first day of frost on Adgust 10. The

shortest frost-free record was only 25 days..

It is remarkable that the wind normals in the area exhibit
strongly seasonal variations (Tab. 2.2; Tab. 2.3). The dominant
wind directions are S and SE throughout the year except in the

winter, during which northerlies are more important (Fig. 2.4).

In terms of mean wind speed, the winds in the area are among

the strongest recorded at Yukon climatic stations. The mean is
about 12.9 km per hour in spring and fall, and 8 km per hour in
winter. Kendrew and _Kerr (1955) described the wind regime in

Aishihik as below:

"SE and S winds are by far the strongest all the
year and also among the most frequent; N winds which
are the most frequent in winter have only half the

speed of the southerlies; ...... "(b.lGS).
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Table 2.2 Percentage

frequency

of

wind directions in

Aishihik, Yukon Territory (period: 1955-1580)

Month N NE E SE S SW W NW Calm
Jan 9.7 8.6 1.1 2.0 12.8 8.3 2.0 1.4 32.9 .
Feb 13.8 10.1 1.0 1.9 14.1 9.2 1.5 2.2 20.7
Mar 13.9 -9.3 1.5 2.7 16.2 9.5 2.2 2.4 19.7.
Apr . 7.3 4.8 1.7 3.9- 24.2 12.3 2.3 4.4 12.4
May 6.4 5.1 1.6 5.0 27.4 9.7 2.7 3.0 6.5
Jun 7.6 5.1 1.8 5.9 23.5 10.6 3.2 3.0 6.6

. Jul 8.0 5.4 1.9 5.3 23.0 11.2 3.7 2.8 .8:6
Aug 7.3 5.2 1.7 7.0 22.4 10.8 4,3 2.9 10.4
Sep 11.3 6.7 1.6 . 3.7. 18B.9 9.3 4,1 2.7 12.5
Ooct 14.2 0.6 1.3 2.7 "l4.4 8.7 3.9 2.3 10.9
Nov 12.3 12.1° 1.4 1.8 11.0 5.7%? 3.5 1.2 20.1
Dec 10.5 9.2 1.3 1.4 10.8 8.9 2.7 2.0 30.6
Year 10.2 7.7 1.5 3.6 18.2 9.6 3.0 2.5 16.0
, ,
Note: Data from Environment Canada (1982}

Table 2.3

Mean wind speed (Kilometres
(period: 1955-1980)

per Hour) at Aishihik
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Wind

[
| Directions
Mean Monthly |
’ | N NE E SE S SW W NW
]
] | '
Jan 5.8 | 8.2 7.6 5.2 12.6 9.9 7.2 4.6 6.6
Feb 8.3 ] 10.0 7.7 6.0 9.8 11.9 8.9 5,2 13.3 .
. Mar 8.9 - | 11.2 9.2 6.4 12.2 13.0 8.4 5.7 9.6
' Apr 10.9 | 10.9 9.9 7.0 12.3 14.2 9.9 6.6 13.5
May 14.0 | 11.9 10.9 7.4 15.4 16.6 11.1 8.8 13.2
Jun 12.1 | 11.7 9.5 8.3 -13.2 14.6 10.3 . 8.5 10.9
Jul 11.4 I 11.6 9.0 6.6 11.8 14.8 9.9 7.8 12.4
Aug 10.8 | 10.4 8.1 6.9 13.F¥ 15.2 9.0 6.9 9.9
Sep 10.6 | 9.4 7.9 5.7 12.8 16.6 9.8 6.0 8.4
Oct 11.1 ] 9.0 7.3 6.7 14.9 19.3 12.9 7.3 8.2
Nov 8.6 i 7.6 7.3 7.0 14.4 14.8 10.6 6.3 5.4
Dec 6.8 | 8.1 7.7 6.4 11.2 12.8 8.6 5.9 10.3
I - N N * . .
! . ‘ '
Year 9.9, | 10.0 8.5 6.6 12.8 14.5 9.7 6.6 10.1
I .

Note: Data from Enviﬁsnmént Canada (1982).

™%
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This wind regime has considerable impact on the pollen
dispersal patterns. The pollination periods of most plants in
northwestern North America are from May to August, during which
interval strong and frequent southerly winds may transport
pollen gralins from far south to the study area. It is
absolutely necessary therefore, for palynol;gists to consider
the iﬁfluencé of wind direction and speed in pollen dispersél
in such an area, and proceed with caution when interpreting
pollen spectra. of exotic pollen. Also, because pollen
production at high latitude is much reduced, the representation
of exotic pﬁllen becomes even more exaggerated.

/

In conclusion, therefore, the study area exhibits a severe
continental climate,’ evén though it is quite close to the
oceans. The St. Elias Mountains form a remarkably effective
barrier against the influence of Pacific airmass éirculation to
the area. The Mackenzie Mountains (Ogilvie Mountains‘along the
Yukon-Northwest Territory border) provide a barrier against
cold polar airmasses. The broad and long valley of Aishihik and
Sekulmun lakes enables southerly w&nds to dominate throughout
the year, and a fﬁirly open passage from the Nisling River
valley provides a route for northerly winds during the winter.
The basic climatic conditions of the study area are controlled

by all of these physical environmental factors.
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4  Periglacial Features
Periglacial phenomena existing in the erea are seasonai
and' perennial frozen ground, cryoturbat;on, solifiuction
(Price, 1971), thermokarst, pingo (Hughes; 1969; Geurts et

Dewez: 1985), patterned ground, etc. The features .resulted from

the effects of climate on Quaternary surficial deposits and

formed by periodic freeze-thaw action. Perennially and

.seasonally frozen ground are the most strlking periglacial

pheﬁomena in the area. Eerennially frozen grqund, Or
permef:ost, is a layer of frozen'ground‘that does not
completely‘thaw during the summer (French, 1576, P. 45). The
study area is located within the discontinuous permafrost zone
(Hughes, 1969) which is characterized by the simultaneous
exiétence of frozen and. unfrozen bodies, In practice:\tmi
boundar; between-contiﬁuous and diseontinuous permafrost zones
c01nc1des with the general pos1t10n of the =6 to —8 °C mean
annual air temperature 1sotherm which relates to thg. -5°
isotherm of mean annual ground temperature measured just below
the zone of annual variation (French, 1976, P. 52). This.
boundaiy, however, is quite differently placed. Kendrew and
Kerr (1555) supplied a map of this boundary on which this study
area is located ‘near the border of continuous permafrost zone,
but the map supplled by Brown and péwé (1973) placed th1s

boundary further to the north,
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The thickness of the seasonally frozen layer, . fMamely the
active léyer, varies according to the thermal properties of the
surficial material, tﬁe vegetation cover, the slopeianﬁ aspect,

and the soil moigtdre conditions (Ritchie, 1984a; Price, 1971).

Its thickness in the study area varies from 12 cm to 58 cm.

Therquantity of segregated ice lenses varies considerably
from place to place and from depfh to depth. Any sérious'
distortion of sediment dépth, namely frost heaving, results in
the miscalculation of sedimentation rates. This effect creates
problems for the determination of absolute pollen accumulation
rate. Calibration of this ?ffect, therefore, is essential for
absolute pollen, studies in a periglacial environment.

Procedures and d:;éiifi/;oﬁsiderations will be discussed in
} : Ax _

chapter 3. Lo

Other periglacial phenomena or processes, such as

: - e .
solifluction, thermokarst, cryoturbation, etc., result in the

disturbance of the sedimegt sequence and create difficulties

e f
for pollen analysis. These problems, however, are avoidable by

A b

careful selection of sampling sites and cautious examination

‘and description of the sediment sequence in the field.

2.5 Glacial Histary

Detailed studies of glacial features and diaciql history

in the study area and its vicinity have been made by Hughes
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(1967; 1968; Hughes et al., 1969). Several glacial maps which

cover the study area have been published (Bostock; 1966; Hughes.

et al.

S =t 7

1969).
s

Bostock (1966) found evidence in central Yukon for four
glacial advanceé:'Nansen (oldest}, Klaza, Reid, and McConnell
(youngest). No confirmed .evidence of Naﬁsen and Klaza advances
Fhas'beenrreported iﬁ the’study aieé (Hﬁghes, manuscript).

Figqure 2.5 illustrates thé generalized glacial limits and flow

patterns in the stpdf area and its vicinity. The Reid iimit, to

which %ce marg1na1 features are not contlnuously traceable, .

marks the digitate marg1n of the main Cordilleran ice sheet

during that advance. The McConnell limit, J;;;?T\is marked by

remarkabiy continuous and -marginal features

in the study area.

A_date from Stewart River 1indicates the
Cordilteran ice shéet from the area more than 42,000 years ago
(GSC-524),.thus the Reid is older than the cl
. of midwestern United States, but not nécessarily
Illinoian (Hughes et al. '1969). In the study- area, several
radlocarbon dates from organic depos1ts above McConnell drifts
reveal that deglac1at10n of the study area was considerably

before 10,000 years ago (Fig. 2.6). Two very close dates from a

relatively wide area between Mackintosh Crgek:(lD,BOO +/- 150..

yr BP, UQ-1373)_and south,of Aishihik Village f9,790 +/- 130 yr

*

£s
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BP, LV-1475, Geurts et al., 1985) imply that deglaciation of
the study area was not a gradual retreat but a Qery rapid
disintegration (Dewez, 1958): As the result of deglaciation,
the drainage pattern in the study area changed around 10,000 yr
BP (Geurts et al., 1987). The most extensive drainage change in
the study area was reversal of the formerly northward drainage
of Aishihik Lake via Nisling, White and Yukon Rivers to Bering

Sea, to its present southward drainage via Dezadeash and Alsek

Rivers to Pacific Ocean (Hughes, manuscript).

2.6 VBedrock Geoloqgy

The investigatioh of the bedrock geology of the study area
was initially undertaken by Cockfield (1927), wﬁich included
the south part of Aishihik map-area. A more detailed
investigation, was reported in 1974 (Tempelman-Kluit, 1974). As
summarized by those investigators, the rocks of the area

include both me tamorphic dnd igneous types, and the igneous

. types include both volcanics and intrusives (Fig. 2.7). Much of

the study area is underlain by Precambrian and/or Paleozoic -

metamorphic rocks, namely, the -Yukon Group or Yukon Metamorphic
Complex. This complex consists of biotite schist, hornfelsed
sehist,.amphibolite, and mareles. Hornfelsed schists occur at
the southwestern'corner of the study area and build up the
~steep topography there. The biotite schists are exposed on

ridgetops near Aishihik and Sekulmun Lakes.

-
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The intrusives include Ruby Range granodiorité; hornblende
diorite; Coffee Creek éranite, Nisling Ranée'alaskite, and
perphyritic biotite quarti.monzonite. Of these rocks, Ruby
Range gfanodiorite and hornblende granodiqrite and pink quartz
monzonite have the widest distributiﬁns. Ruby Range’
granodiorite, expoﬁed.aiong a northwéstward belt in the Canyon
Lake, Ittlemit Lake and Bear Lakes areas, has an age of
Triassic or older, and comprises the Three Guardsmen and other
high peaks (above 1,830 m) in the southwest of study area. The
hornblende Qranodiorite, also ‘with a tentative agelof Triassic
or older, is mainly distributed in the Mackintosh and Tahte
Creek;. Pink quartz monzonite occurs extensively on the

mountains east of Long Lake "and north of Mount Cooper.

The volcanic rocks in the area include feldspar porphyry,
which_has the widest distribution émong‘the volcanics, Mount
Nansen Group, and varicolored.acid.fuff. All these rocks are
egrly .Tertiary in age. The northweét pérf q@the area haé wide
and extenslive dike swarms of feldspar porphyry, which build up
the high relief of Nisling Range.lMount Nansen Group and
varicolored acid tuff, however, are scattered in the.central to

northern part of the study area.

)
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Within the valleys and lowlands, thick accumulations of
surficial deposits including giacial drifts, . gravel, sand,

clay, silt, soil, rock talus, and volcanlc ash, are found.

Considering the distribution of different rock'types and
the topography of the study area, Mesozoic intrusive and
Tertiary volcanig activity played_ap impértant.role in the
fo;mation of major topographic features. Muller (1967) and '
Tempelman-Kluit (1974) believed that Pleistocene glac(ation
developed the topography and drainage patterd of the
southwestern Yukon. In ghe Aishihik Basin, the most spectacular

impact of Pleistocene glaciation is the extenSive topography of

glacial-lacustrine and dead ice environments (Dewez, 1988).

2.7 White River Ash

White River Aéh-is-é bi—lobate tephra deposit covering the
lsouthern half of Yukon Territory and easternmost Alaska. These
deposits were recognized by Dawson.(1889) and Schwaika (1885) .
A later survey by Bostock (1552) reveaied Fhe bi-lobate form
with a dominant east lobe and a less extensive nprth lobe. As
presently mapped, White River Ash covers an area of about
300,000 km?, and the east lobe extends at least 724 km from the
source (see Lqrbekmo and Campbell,‘1969; Lerbekmo et al., 1975;

Workman, 1978; Dewez et.al., 1984).
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'Available radiometric dates suggest that the north lobe-of
the Whiéé River ash is approximafely 1,98q yr BP old based on
seven 1-{‘C‘;:’daltes in white River Valley (Denton and Karlén,
1877). Fernald (1962) has published dates of 1,520 . +/- 100 and
1,750 +/~ 110 yr BP in Tanana Valley, and another date of 1,990
+/- 130 yr BP hasralso been obtained from a'wdod sample 5uét
below the ash collected by Hﬁghes (Lerbekmo-and.Campbell,
1969). )
]

The younger eastern lobe has been considered a;'old as
1,230 yr BP (Denton and-Karlén, 1977). A date of 1,250 yr BP’
has also been used in literature (such as MacDonald and Cwynar,
1985). Three **C dates, 1,260 +/- 90, 1,175 +/- 90, aﬁd 1,255
+/- 99 yr BP ghich conclude a date of 1,230 yr BP (Denton and
Karlén,‘1977), ﬁave been reported from spruce wood and muskeg
samples in White River Valley. Earlier reported dates include
1,460 /- 50 yr BP and 1,390 +/- 70 yr BP (Stuiver et gl.,

1964), 1,200 +/- 140 yr BP (Lowdon ahd Blake, 1968%%_
. e

S
The study area in this monograph falls into the exté&nsive
. . ! N
eastern lobe of the White River ash. Mineralogical

inveStﬁgation of this ash layer has been completed previously
(Lerbekmo- et al., 1975). Dewez (1988) identified the ash layer
in this study area through mineralogical analysis of

3

hornblende. Field observations indicate that most of the area

-preserves a conspicuous layer with sandy to silty facies,

~
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generally around several centimetres thick. The ash iayer is

usually buried bx_peat a few fo 25 cm thiék.

o«

The ash layer serves as a key bed for dating purposec.
. -i

‘ Since it is wldespread and in most cases well preserved it is
a key horizon which facilitates the'correlatiqn of

stratigraphic seguences.

v L]

The impect‘of the ashfall on Qegetation and therefore on
the pollen records has been investigated in the southwest Yukon
Territory (i.e. Dewez gi al., 1964). Further consideration of
this espect will be made during the interpretation of pollen

diagrams later.
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Chapter 3

Methodology
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'3-1l‘Einld Methods

| The aim of the fileld work was to collect uncontaminated
samples of the deposits, to define as exacfly as poSsible the
conditions under which the samples were 'taken, to detérmine the
types of sediment, and to explain the‘ﬁfratigr y (Faegri and
Iversen, 1975). During the 1984, 1985, and 1986 éummer field
seasons, su;face samples and polleﬁ-bearing stratigraphic
samples were co}lected from the Aishihik Basin and its
vicinity. The evidence for the reconstruction of gnvironmental
history was_extradted from the palynological analysis of these

samples.

3.1.1 -Surface Samples

. Surface samples, collected from moss polsters, surficial
lake sediments, the top layer of peat} bog and fen surfaces,
conifer swamps}'fruticose lichens, shrface plantldetritus and
soil, have been widely used throughout the world, especially in
North America (Terasmae, .1967b; Adam and Mehringef, 1975;
Farley—Gill} 1980; Jacobs et al, 1985). In this study, moég

polster samples were collected for surficial palynological

analysis during three successive fleld seasons.

E

Moss poiétéi‘sahbiés*we;e“qgllected-by-hand from.selected . -

communities, ox im some cases along line transects throughout
vegetation zones. At every coring site for stratigraphic

. - L
sections, at least one moss polster sample was also collected.
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The samplihg procedure followed the description of Heim
(1970). A 10 m?® guadrat was chosen and 8 to 10 subsamples were
collected evenly‘throughout the quadrat; and then thoroughly
mixed together to make one single sample, iﬁ order tb prevent
—statistlcal instability. The collected polster samples were
sealed in plastic bags and stored moist until preparation in
the‘labofaéory. At each site where the séﬁples were colleéted,
great care was taken to identify and record every plaﬁt taxon,

and estimate its distribution and relative density. w“

*3.1.2 palynostratigraphic Samples
Sampling sites were selected according to several
parameters. The first was latitudinal and altitudinal gradients
in the basin along which.pbllen profiles were located. Th;
seéond was the geomorphological framework which controlled the
deposition of ofganic matter. dne of the objectives of this
study was to reconstruct the local environmental history.and
herefore the influences of geomorphologicél processeés on the
ollen spectra were lmportant. Other considerations included
the possibility of sampling and accessibility; In this study,
all profiles were collected either from peat-bogs or dry lakes.
Most profiles were coligcted from sites which wefe adcessibie
by trﬁdk or canoe. Some of the profile sites were ;eached b}

helicdpter. Organic sediments were chosen for sampling as they

are the most favorable medium for pollen preservation.
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In very well exposed profiles, the samples were collected
in plastic bags at about 2.5 cm intervals (iL.e. Xw-2). In some
c;ées plastic trays, 38 cm X 5 cm X 4 cm ;n dimenslion, were
employed to collect whole seitions (i.e. XW-8, XWw-13}. £n both
cases the cross section was cleaned back until coarse sediment
or permafrost was encountered. Gréa£ care was taken to prevent

contamination since no method can compensate for contamination

of samples fFaeéri and Iversen, 1975).

| . Most long profiles, however, consisted oé permafrost (i.e.
\?”H‘%wal, XW-3, XW-4, XW-5, XW-6, XW-7). The seasonal unfrozen top

layer, usually peat containing the White River ash iayer, was
cleaned carefully back to the,permafr9st tablé, and "collected
using the séme procedure as exposed sections. The frozen part
of the section below was cored by means of é modified CRREL
Ice-Coring Auger {Veillette and Nixon, 1980), which is a
motor-driven holloﬁ df}ll with an inner diamgter of 5 cm. The
core was raised in 5 fo 35 cm long segments, gach of whieh was

' scraped clean of possible contamination, photographed, éut into
2.5 cm segments and sealed in labeled, plastic bags'or bottles.
A survey of the gedmdrphology and mqéern vegetation around each
core site was undgftaken..In the laboratory, thg samples Qere

storéd‘in a refrigerator until the subsampling and chemical

treatment phase. Q
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3.2 Lahgﬁatnnx Methods

Both surface samples and section samples underwent several
stages of analysis in the laboratofy: Taia secfion descriées
the procedures used for subsampling, chemical preparation,

pollen ldentiflcation and counting, determination of organic

content, and measurement of the water content. .

*3.2.1 Subsampling Methods

A
>

Samples eo'be analyzed were remo&ed from the refrigerator.
dindividually. Sediments were described, including the type of
_eedimenﬁs, eolour, pexture and structure 1if applicable,
macrofossils (if any), and moistare condifion. After completing
the description, the samples werelsubsampled for pollen
‘ana1y51s 'ﬁaterial was ;emoveq usiﬂg a‘stainless steel
laboratory spatula, then placed into a.giaduated cylinder,
followed by a liquid replacemenf procedurewtq measure_the
p;eﬁise volume. of the subsample. About 2 cm? peatlo;-4 to 5 cm?® -
of organic s11t or clay were essential for the purpose of
pollen analysis. The spatula ‘was carefully washed after each
subsampling to prevent contamfnation. Additional material was
also removed for the determination'of organic cqntené and for

radiocarhbon dating; The procedure for determining the organig

conteht will be discussed later.
o r .

4

Pollen data were used whenever poss1b1e to guide the

selection of sectlon p051t10n for radlocarbon dating.
. ‘ . A -

-
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significant changes of vegetation reflected in a pollen dleqram
made it possible to pinpoint the section interval which could
date these'events. The sediments with high water content (ice
_lenses) we?e avoided because of the-deficiency of datable
material. The samples for dating were dried at 75 °C fof‘iz
hours, sealed in labeled plastic bags, then forwarded to the
radiocarbon dating laborato;y.

-

'3.2.2 Measurement of Water Content

After the volgme measurements were taken (section 3.2.1.),
_all sampleélwere transferred into labeled beakeréxand QIied fo;
12 hours at 75 c'C A METTLER -(Mode H4) balance was em 1oyed to
we1gh the samples and beakers, - which provided an- accuracy of

1.0 X 10-3 grams. The following relationship was established to

determine the water content, and required weights were measured

when necessary: AR ’
° BW.%— BD.
Water Content {(cm?cm™?) = ~-=v-———-——-—- :
- ’ Vs X D
where: ‘ 3
BW, -—-- Wet weight of the sth sample with beakexr (g)
. BDy --—-—- Drf weight of the :th sample with beaker (g)
VW, ---- Volume of thé sth wet sample (cm?) -
o D -—---- Density of water, equal to 1.0 (g cm™?)

The results of these analyses were used to modify the
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calculated sedimentation rate which is_essential for the

. determination of pollen accumulation rates (see section 3.4).

3.2.3 mp_mﬂp.namgm:_e_

Preparation procedures involved several chemical and
. - . : l“'

physical treatments. The'objective of sample preparation was to

'concenttate any pollen and spore grains present in the material

and render them as visible as possible. Since sample condition
. : ;. A

varied, different pfocedures were employed.

-
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The classical acetolysis methpd, originally introduced by .

1

Erdtman in 1934 (cf. Erdtman, 1960), was used to treat the

'

surf1c1a1 moss polster samples This method involved treatment

"w1th 10% NaOH to remove the .pollen from the flber and other

material. Subsequently an acetolysis was used to dissolve the
cellulose and organic debris, .and make the pollen grains
transparent, thus facilitating identification (detail of  the
procedure is listed in appendix A). Most samples, however,
consisted of peat orgeniclsilt clay, and a few contained fine
sand. These samples required additional treatments with 10% HCL
to dissolve the calcareous material, treatment‘wlth hot

concentrated HF (48 %) to dissolve silicate minerals, then

followed by an acefolysis procedure (Appendix B). For the

samples which consisted mainly of silt or clay, a sieving

method (Cwynar et al., 1979) was employed after the acetolysis

procedure to concentrate the pollen grains. The pollen bearing

~
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residue of the preparation was preserved in dilutedfglyce:ol
(2/3 of glycerine jam and 1/3 of distilled water) untlil

subsequent microscopic identification tasks.

3 2.4 Counting and Pollen Identificgtiog ,

After chemlcalwconceaiiitlon, a 10 uml drop of
pollen—bearing residue was mixed with 10 al of glycerinated
water *to make a working slide,-usxng an Eppendorf
micro—pipette. The'analyzed‘residue was weighed prior to
mounting for the'ealculation of the absolute pollen fregquency

.

Uor the pollen accumulatlon rates. pollen-bearing residue "was
examined w1th an Olympus CH or BE biological microscope at
magnifications of 200" X or 400 X for routine counts. The
‘microscope slides;were examined in parallel swaths. Each pollen
grain encpuntered was identified. The totai number of pollen
gfains counted for each sample was based on the criteria
established by Bastin (1971), and at ljeast 150 pollen grains,
usually more than 200, were counted in each sample. Those
pollen grains ﬁ%at remain unidentified‘but had definite
mqrphological characteristlcs, were tabulated as

nindeterminate" type. This group also included a few unknown

types. The only spores counted were Dryopteris, Lycopodium,

Sphagnum, and Equisetum.

P

s

The pollen identification was aided by about 500 reference

slides of pollen, most of which were collected from the
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‘southwest Yukon Territory and stored in the Palynology
Laborétory of thé Univeréity of Ottawa. Several
well-illustrated publications of pollen taxonomy were referred

e

to when necessary (Bassett et al., 1978; McAndrews et al.,

1973; Kapp, 1969; Moore‘and Webb, 1978).

3.2.5 Qrganic Content Determination

All Samﬁles of the Moose Depression profile (Xw—6f5§e;e
treated with losscon-ignition to determine the organic contéﬁta~'
(éppgndix c). The result derived\from‘the procedure could be
overfestimated pecause of the loss of "irreducibfeﬁ water in
clay minerals and CO= in-carbonates. Howev;r, the
over-estimation should be limited since the 'samples lacked

carbonates evidenced by no_reaction to concentrated HCL and the

paucity of clay observed in the stratigraphy of the profile.

3.2.6 Sediment Analysis

Grain size analyslis was carried out for all samples of
profile Xw-6, which involved a wet sieving procedure and the
operation of a COULTER COUNTER (model Taxx). Since the samples
consiéted mafnly of silt-sized ﬁarticles, 2?0 mesh (63 am) and &
60 mesh (250 am) sieves were used. The latter was the maximum
.allowable particle size for the COULTER COUNTER. To ensure
statistical stability, at least145;000 particles were counted

for each sample (Appendix D).
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3.3 presentation of the Results |

The results of an analysis are befter'illustrated by
diagrams or charts than fabulation in most cases. A pollen
diagram is a conventional éid, and its usefulness is dlrectly
proportional to- the univérsality of the convention (Faegri and
Iversen, 1975). The clarity of a diagram and ltslpomparabilityl
with others are the most important factors guiding the
construction of pollen diagrams. This principle was borne in
mind through the construction of pollen diagrams in this'sthdy.,
Two kinds of pollen diagrams were constructed, L.g..the.
relative pollen freguency {hPF)AQiagram, and the pallen

accumulation rate (PAR) diagram.

3.3.1 Relative Pollen Frequency

It is 5 practical convention to illustrate the pollen data
by means of a relative pollen frgquency (pollen percentage)
diagram. This presents the proportion between pollen of a
ﬁérticniax taxon ;nd a certain pollen sum. The bollen gum used
in calculating perceqﬁages is determined in differentrways by
different authors ahd for different purposes. For the basic
diagrams in this monograph,jfhe pollén sum, including éhe
calculation of the total pollén concentration or total pollen
accumulation rate, |is thewibtél number of pollen grains
encountered during qféroscopic counting excluding all aguatics,

spores, and indeterminate palynomorphs. The proportion of the

latter caqmponents in the sample, however, was also presented as

)
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a percentage of the sum and illustrated at the right side of
'tﬁe pollen diagrams. Special pollen sums’ wefe also applied

whenever necessary and specified when encountered.

3.3.2 Absolute Pollen Erequency and Rollen Accumulation Rate

Since the very beginnings of pollen_anaiysis in-tQis
century, the cgﬁsiderétion of absolute pollen freguency or
absolute pollen grain numbers in the sediment sample of known
volume or welight has béen noted. Hesselman (1916) f£first
suggested the measuremept of the nﬁhbers of pollen grains per
unit weight or'yolume éf sediment. As Davis (1965) has
indicated, hoyever; since von”Posﬁ, the pioneér of pollen
analysis, felt that such.measurements would be meéningless for

’

comparison and correlation because the pollen number as a

function of weight or volume would be strongly influenced by

62

fluctuation of sedimentation rate, relative pollen freguency .

(pollen percentage) has been used for long time (Davis, 1963;
1965; von Post, 1916). The aftempts to detefmine absolute
polien frequency, however, have never been abandoned. As the
result of the dévelopment of radiometric dating techniques,'it
has become practical to determine precise sediment?tion rates,
‘which greatly facilitates the determination of the absolute
pollen concentration. The consideration of éollen grains per
‘uﬁit area per year lpollen‘acpumulation/rate, polleﬁ deposition
rate, ppllen influx, térmed by va;ious.analysts) initially

introduced by Davis (1963) has improved the theory of pollen
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analysis from the era of von Post. Pollen accumulation rate or

pollen influx has been defined‘as the pollen grains deposited

per square centimetre per. year, and can be calculated by

multiplying the.pellen-concentration in a known volume oﬁ wet
sediments with the sedimentation rate. During tigis decade,
numerous publications have involved the detetmlnation of pollen
accumulation rate or pollen influx around‘the.world. The pollen
concentration per unit volume or ueight s still used either in

palynostratigraphy or surficial palynology. ;

& +
G

Pollen concentration could be obtained through several
-

.
'

methods . Erdtman {(1943) used a hemacytometer to count polleh'

_gradns. Muller (1959) proposed: a/method using aliquot slides
urepared from standard drops taken from glycerine-alcohol
suspension of poilen samples. Davie (1965, 1926) developed a
method to measure the volume of aliquot so that absolute pollen
frequency could ne determined This method suspended the

pollen bearing residue prepared from‘

a wet sediment sample of a
known volume or weight in some standard volume of tertiary
“butyl alcohol. The total pollen number in the original sample
can be calculated by the pollen'numbet’wh;ch is counted from
all aliquots, times the dilution factor during preparation of
_‘aliquots, divided by the fdumber of aliguots. On the other hand,
‘an exotic pollen method was 1nitially proposed for the same

purpose by Benninghoff (i962), deveioped by Matthews (1969),

and fully described and dlscussed by Bonny (1972) and Maher

-~

’



(19;;?>\Ear the same purpose, pollen-sized polystyrene spheres

-

‘rather than exotic pollen grains 'were also employed by some

aﬁalysts (Craig, 1972). This methodoloayztsed exotic grains as
markers. The measured volume of mixture with a known number of
exotic markers or marker-bearing tablets (Stockmarr,‘lSIl)
introduced into the original sediment sample before the
ordlnary laboratory preparat;pn. A welight method\khsfead of
suspension or tabula;‘method was also proposed recently
(Safgado-Labouriau-and Rull, 1986). Under this category, the .
total indigenous pollen number can be calculated from the
number of indigenous pollen grains counted times the ratio of
exotic markers introduced to that counted durlng slide
counting, and then divided by the volume 'of the sediment

salmple.

In contrast with-tha pollen concentration per unit volume
of sediment sample, J¢rgensed (1967) had established a
procedure to determine the pollen concentration per unit welght
of sediment samples. This technigue involved seveial
measurements of centrifuge tubes and sampleé and so on, and
resulted in fixed slides which took moare tima during

preparation.

Since -both sample volumes and wet and dry weights were
measured before chemical preparation, the  procedures used in

this monograph allowed the author to calculate pollen

64
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concentrations either by volume or by weight. In”mogt caées,
pollen concentrat}onland pollen acgumulation rate were
detérmined using the standard‘exo#ié mafk method described by
Maher (1972}. Eucalyptus globulus was chosen as a marker during

’ ‘ :
this study~ Since a hemacytometer was not available, the
2 Y .

determinat%ﬂn of marker numbers in a8 known volume suspension
(NaOH as medium) was aided by a timF’COnsumind coﬁnting
procedure. A prepaxed suspension was agitated by a magnetic
agi%ator for 15 minutes,'and then 5 subsamples ofl50 al
suspension were extﬁacted by an Eppendorf micfo-pipette (0.001
% precision). These subsamples were then diluted by a factor of
50 with the same medium, and 10 slides, 10 nl for each, of each
subsample were counted under the micfoscope. The tbtal number

of markers per unit volume of concentrated suspension was

subsequently calculated. {

Samples of profile xw—i on the other hand, had been
preéared in the laboratory before the acquisition of a suitable
ﬁarker. A volume-weight @ethod therefore was deveﬁoped to
perform the role of determining pollen concentration ané pollen
accumulation rate by volume in the profile XW-1 samples. This
procedure involved the basic measurement of the weight of the
pollen—bearing.residue of the preparation (WP) énd that
analyzed_under microscope (WA)T The p&llen concentration in a
known volume of sediment sample.is determined by the following

relationsnip:

12
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APFVyy = ----—- . Nia . -— (1 = 1,k, 4 = 1,1) (1)

where APFViy 1s_ the pollen concentration of the ,tﬁmtaxon per

unit volumg of ;hh.;th wet sample. Niy is the number of pollen °
grains of the 4sth taxon e'ncou'r"xtered in the .th sample duri‘ng
counting. Vi 1s the volume of ‘the sth sediment samp'le. "The
total pollen concentration is the sum of APFV,s for each taxon
in the s:th sample, ji.e., ZAPFVL.:o Based upon this calculatlion,

the pollen accumulafion rate is determined by the following

h ]
‘equation:

PAR.L: = APFV;; . Ra
ﬁP:. ) o R * :
= = « Nig . =-——- (2 = l,K; 4 = l,L) (2}
WA, Vi
where PAR:y is the pollen accumulation rate of the ath taxon ih
the :th sample, and Rs is the sedimentation rate determined by
radiometric dates. Similarly, the total pollen accumulation
rate for a sample is the sum of PAR:s foOr each taxon in the ith

sample, i_.g_.,'., S PAR4 .

)
-

3.4 ugﬂiiisatign of Absolute Pollen aggumnlatlgn.aana
It is common for permafrost cores to contail* numerous

segregated ice lenses, which result in severe vertical
+ 4
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displacement throughout sediment depth. It is a well known fact .
that during the freezing of soils the moisture in the soil wll?‘ﬁé
be redistributed along.a temperature or heat gradient, or in
other words a Qater'potential (émith, 1985). The impact of sueh
vertical displacement on the determination of pollen
accumulation rates has not yet been fully assessed (Wang and

Geurts, 1987b).

-L(

~

In an ideal closed sfstem, the volume of water will be
expanded 9% upon freezing. For a 1 cm layer of sediments
containing 0.4 cmicm~™? of water, freezing of this layer wouldys

. t
result in a 0.36.mm increase in the layer thickness. However,

the natural environment is far from ankideal closed system..
Migration of moisture along the direction.of the tempereture
-gradient might cause a sigﬁificant accumulatidon of excess water
during the forﬁation of permafrost (French, 1976), therefore "
causing greater problems than pore water. Field investigations
at Inuvik in the Northwest Territories revealed that ice
'segregatlon could ‘account for up to 90% of the total heave,
wh11e the freezlng of pore water accounted for as 11tt1e as
about 10% (Smith, 1985). The same study also indicated that a
31 mm heave was recorded in a 40 cm layer between October 5 and

November 16 of 1983, which implies that the vertical increase -

of the sediment thickness wasiyp to approximately 7.7%.
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The'absolute'polfen’accumu}ation rate is a function of:

multiple variables inclﬁding the sedimentation rate and sample
volume, therefore possible impac? of permafrost cohfiguratién
on the determination of the pollen accumufétion rate is
twofold. Firétly, vertical aispiécement of the permafr;st core
would lead to an incorrect determination of sédlmentation rates

since the sedimentation rate is a function of depth aﬁd:aée

intervals expressed as:

Depth interval (cm)
Sedimentation rate {(cm/yr) = ———~-———-mmmmem—mmm——-n

Age interval (yr)

The increase -in sediment depth as a result of frost heaJing

-

causes an increase of calculated sedimentatlion rate, therefore

exaggerating the pollen accumulation rate. Secondly, ice

lensing and frost heaving would cause a sharp increase‘in the
actual volume of samples therefore leading to an artiflcia}
decrease of the absolute pollen accumulation rate. Ager (1975)
interpreted a decrease of tKR pollen accumulation rate, in the
pollen zone 3B of Birch Lake profile in the middle Tanana
Valley, as being due to the high water con?ent in the samples
thus slecreasing the actuél‘éample volume. In perma£zost cores,
the effect 15 much greater than in fresh lake cores, espeéially

¥

if there&is-excess water in the permafnogt samples._ﬁ\\
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Since sample volume was measured in the laboratory. after
the_meltlng of all enclosed water (section 3.2.1), the effect

x s
of the 9% volumetric.expansion of pore and excess water was

'thereforé eliminated. However, this elimination did not apply

.to- the determination of sedimentation rates since the profile
depth {including the Qertical position of each core segment)
was measured in the field under frozen condifions. To deal with
the samplés which appérently had excess water, a 24 hour water
saturation was carried out. Core segments containing apparent
&xcess water were stirred'using a stainless laboratory spatula
.and then .transferred into a graduated cylinder with ;
laboratory spoon. For the liquid replacement measurement,
subsamples were left in the cylinder for 24 hours aftei
recording the raw sample volume, then the water saturéted
vélume was recorded. Excess water was subsequently estimated by
subtracting the water saturated volume from the raw volume of
the subsample.

T~ Modification of the bollen accumulation rate required‘two
steps. Filrstly the depth of thé palynological samples and dated
segments had to be modified in order to estimate the

‘sediméntatibn rate and extrapolate or approximate the
chronology of each sample. If we defined thé'depth increase by
the 9% volumetric expansion of water upon freezing between ;wé

]

neighboring samples as Dasi, then .
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Vai-1 + Vua ' ' ) o .
Dig = ===——=—=———————- X 0.09 X (D:. - Da—-:.)
- 2 ) y

where Vm: 1is the measured water content of the ith sample at

level D. cm, and heave caused by excess water as D=za., then

) Veai—2 + Vma
D2y = —=—==rm-mm————— X tDs = Du-2a)
. 2 '

where Ve is the content of excess water per unit volume of wet
sample. The total heave o;'depth increment between a glven
depthi interval D' can be estimated by the. following

(

relationship:

Dgs Daa + Dz

(Ds — Di—2) X 0.045 X (Vus + Viue-2}

1

+(D:.-D.1.:.)XO5X(VI:.1.+V:::..L))

D' X (0.045 x (Vs + Via—a) + 0.5 X {Vos + Vma- ;.J)

"~

Therefore, the depth of an entire sequence could be modified by

Dy, = Dos - = Dg.

L=




.
¢

where Ds is the modified new depth -for the :th sample in the
sequence, Do: is the ‘original position, and 4 ig the position
number. of the sample in the seguence which is jusg below the
permafrost table. Thé position of the dated core segments or
samples could be extrapolated by this new depth system.

Sedimentation rates and sample chronology determined from this

modified depth system were no longer affected by frost heave.

The second step was to modify the sample volume. Since the
9% volumetric ekpansion of sample volume was éutomatically
”eliminate&, the modified volume could be determined through the

subtraction of excess water from the raw volume.

To evaluate the‘significance of these modiflcations, the
aata set of profile XW-1 from the dpper Nisling Valley was used
to investigate the'relationship between several variables. A
full- description and palynological intexpretation of this data
set, hqwevgr, is reserved for chapter 5. The following
relationships were used to estimate the variation of pollen

accumulation rates deducgd before and after the modification:

PARp§ = ( PARom - PARpu ).

and ’
PARG§ (%) = ~=—cmm X 100

71
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where PARnm is the modifieg pollén accumulation rate of Bicea,
.\and PARow is the Plcea iollen gccumuiation rate without
modification. PARps is therefore the difference between the
tﬁo. Similar definitions a?e also employed for the sample

volume and the sedimentation rate.

As illustrated in figu:re 3.13; the general pattern of

modified Picea pollen accumulation rates fs similar to that of

the unmodified rates. However, the differentiation becomes more
significant with the existence of excess water (Fig. 3.1b}. The
registefed variation percentage of the Picea pollen
accumulation rates (PABps (%)) is between —25.3%.and 62.9%,
which implies that the modification was necessary.

- ‘ /

The vafiation of the Picea pollen accumulation rate
(PAR,35) was very'well correlated to the distribution of water
content in the sequeﬁce and the change of sample vglume v§ .
Furthermore the variation of the sedimentation rate (Rs)} was
very well correlated to PAR,s when the water content was low
(Fig. 3.2). Further investigation of tﬁe relationship among.
these variables indicated that the percentage of éAR,; was
strongly related to.the distribution pattern of the excess

water variation (V.;): The variation of 9% volumetric expansion

of water upon freezing was mainly related to the fluctuation of
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R§ (ng. 3.3). These results suﬁgest that excess water is the

major element which strongly impacts on the determination of

the pollen accumulation rate. The principal mechanism of this
impact wés an expansion of éctual volume of palynological
samples. A change in the sedimentation rate resulting from a 9%
volumetric expansion of bore water did not strongly influence
the determination of the pollen accumulatiqn rate, while the
influence of excess water was more important. in conclusioen,
the determination of the absolute pollen accumulation rates in
a permafrost ar;a should be accompanied by the above proposed
modifications if samples contain a high water content or Iif
excess water exists in thg sediments.

»

3.5 —Computation and Numerical Procedures

- This section describes the numerical’ methods ‘and

.

computation procedures which will be utilized later fﬁ?this

monograph.
"3.5.1 Numerical Analysis -

The results or the data of Quaternary pollen analysis,

either palynostratigraphic or non-stratigraphic, are nothing

more than a multivariate matrix consisting of a ndmber'of
observations and variables (Birks and Gordon, 1985). A number
of numerical techniques such as Discriminant ‘Analysis (DA),
CLuster Analysis (CLA), Principal Component Analysis (PCS),

Principal Coordinate Anaiyses (PCoA) and Principal Component

L

7%
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Biplot (PCB), eftc. have already been successfully employed in
palynology to manipulate data. A concise review of the
applications and ordination proceédures of multivariate analysis
on Quaternary éélynological data has been carried out by Birks

and Gordon (1985) and Prentice (1980).

‘Numerical metﬁods are useful for detecting, summarizing,
©and d@splaying major patterné of variation within modern pollen
data sets, and are also powerful for comparing contemporary
pollen data with the vegetation types from which the surface
samples were collected, ard thus assist in characterizing the
modefn vegetation types in terms of contemporary pollen
assemblages (Birks and Gbréon, 1985, p.143). CLuster analysis
(CLA) and Q-mode Principal Component Analysis (PCA) were
employed in this monograph to classify the surface samples
solely by their pollen contents éndrto compaie the results with
present vegetation-landform units £from which the samples were
collected. Application of the methods and detailed discussi;ns
are reserved for chapter 4.

In palynostratigraphy, numerical methods also play
important /foles for zoning the pollen sequence, displaying the
inter—strgcture of the data set, and comparing events among
sevgral sequences. Q-mode PCA (Davis, 1973, program PCA) was
applied in this monograph to facilitate the interpretation of

palynostratigraphic data. As Prentice (1980) indicated, most

]
.

-~
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palynoiogists use PCA with a standardization of the data with
the exceptioﬁ of a few users such as O'Sullivan and Riley
(1974)" and Adam (1970, 1974) and Heusser and Balsam (1977).
This standardization was %pplied to both palynostratigraphic

and suificial pollen data.

In this stu&y, PCB-ané Correspondence Analysis &CA) were
also used in the interpretation of pollen data. Ordination
procedures of these two_ technigues have been fully dgscribed by
Gordon‘(1982) and_the.tomputer program BIPLOT and CORRAN were
provided by Dr. Gordon to the author. Gordon (1382) proposed
that both CA and PCB should be used simultaneously because "1f
broadly éimilar results arE'obfained, one can have a greater
measure of confidence that these are faithfully reflecting the
natufe of the data" rather-than.being a mathematical artifact
of one particular method (Gordon, 1982, p.117). Therefore, it
was important to use several methods to assess the consistency

of the results (Birks, 1987a). .

Both CA and PCB ﬁere closely related to PCA, exéept that
they ipvolved'more comblex scaling of the axes and distance
measurements between samples and variables (Gabriel, 1971;
Hill, 1974). It was of primary interest to the author that PCB
and CA simultaneously display the geometrical relationships of

.

both samples and vériables on the same axes, thus permitting

direct interpretation of observed patterns between samples in
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terms of relationships within and between samples, and” yvice

versa (Birks, 1985).
L -3 t -

Selected pollen taxa were used in numerical.énaiyses to
avoid statistical noise from the rarély present taxa. Therefore
only those taxa which appeared fairly consistently and reached
values of Q% in oné or more samples were included in the data
set (Gordon and Birks, 1972). The same taxa from modern
surficial samples were combined with the stratiqgraphic samples
for direct comparisons. Samples which had similar pollen
contents should ¢luster together, providing possible modern
analogues to the fossil spectra. The application of combined
matrices ordination techniques to Quaternary palynological data
has been discussed by Prentice (1980) and combined data sets of
medern and fossil pollen spectra -have been previoﬁsly used with

great success by MacDonald (1983, 1984).

3.5.2 Zonation of Pollen Diagrams

Pollen segquences were often subdivided into smaller units
in order to be more easily described, interpreted, compared,
and correlated. The most‘popularly used subunit is a pollen
zone. However, "although pollen analysts have been delimiting
and, in some cases, definlng polien zones for ove% 50 years,
there are very few definition of guidelinés about what a pollen
zone is or should be " (Birks and Gordon, 1985, P. 48). ﬁpon

the various considerations, the term "pollen ‘zone" as used in



this thesis refers to a local .pollen assemblage zone which by
definition follows standards set out in the "International
Guide to Stratigraphic Classification, Terminology, and Usage"
(Hedberg, 1976). The determination of'a pollen zone or pollen
assemblage 2zone 15 only based upon the observed pollen and
spore content without considering sediment lithology, inferred
climate, past vegetation, or presumed time-equivalence

{Janssen, 1980).

It is a convention to zone a pollen diagram only by%\lisual
inspection cof the diagnostic features of the sequence.
Quantitative or numerical approaches,_however, have also been
employed to achieve the same end auring the last decade. Birks
and Gordon (1985) have already given an hlstorical review of
the different zonation approaches, and an interested reader may
refer to them. Up to the present, the most widely applied
numerical zonation procedures for palynoclogical data have been
those of Gordon and Birks (1972); containing three different
methods; j.e. CONSLINK, SPLITINF, SPLITLSQ; Birks (1979) has
published a'FQRTRAN IV computer program to provide these
procedures. More recently a new program named CONISS has been
published to zone a palynological data matrix using
etratigraphically constrained criteria (Grimm, 1987).

Comparing these different procedures, CONSLINK uses a

single linkage criterion for merging clusters, and employs two

\ e o 80
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-different dissiﬁiiarlty coefficients. The first dissimilarity
coefficient used by CONSLINK is the Manhattan or city-block
metric. The second- is the Canberra metric. Procedure SPLITINF
uses iﬁformation statistics, and- procedure SPLITLSQ uses a sum
of sguares measure of within—cluster variability. Program
CONISS, however, performs a stratigraphically constrained
cluster analysis using the incremental sum of squares method,
which 1is pperated'on a dissimilarity matrix of squared
Kuclidian distances. The sum of sguares method is an intense
clustering criterion that minimizes éhaining, but tends to
produce compact, "spherical shaped" groups of samples, often of
roughly similar size (Birks, 1987b, p.112).

At the early stages of this study, however, only ZONATION
procedures had been published, and pregram CONISS wéssnot
available until mid-1987. The application of program ZONATION
to 8 data sets revealed that none of these procedures could
properly zone all of the data sets. A FORTRAN 77 prograr named
CQNZONE was therefore developed by the author to fulfill the
zonation process (Wang, 1988b}.

\

Program CONZONE, consisting of two procedures: CONCLINK
and CONUPGMA, carried cut stratigraphically constrained clgster
analysis similarx to CONSLINK but employing.different 1inkagé
methods andrdiffefent variation measurements. Multiple option;

enabled the user to choose from three different variation
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measurements (appendix E), i.e. cosine theta coefficlent,
Pearson's correlation coefficient, and the average FEuclidian
distance. The first two measurements exhlbit the simllarity
between samples, therefoke the samp{es whiéh have largest
similarity coefficients will be clustered first. The average
Eucli&ian distance ls a dissimilarity coefficient measuring the
dissimilaiity between the samples, and the samples which have
smallest dissimilarity coefficient should be clu;tered together
first. To perform the stratigraphicallj constrained clustering,
only those coefficignts;between stratigraphically nelghboring
samples will bs considered and compared. The smallest
dissimilarity coefficient or the largest simllarity coefficlent
is then assigned to the dissimilarity level as an accumulative

squared distance measurement, as illustrated below:

n : .

Cys = :E:(l—rg)2 (for correlation coefficient}
i=1
n _ : '

Cr = = (1-Cos 04)2 (for Cosin theta coefficient)
i=1
n

Cis = 5 Du? (for Euclidian distance)
i=1l ‘

Procedure CONCLINK used a complete linkage clustering method to

merge the coefficient matrix.
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The differences between program/CONSLINK and CONCLINK are
twofold; Filrstly aifferent resemblance matrices are employed
between these two methods. Secondlyhand fundamentally, the
linkage methods are different. CONSLINK, as a single linkage
ciustering method, has to assign the minimum value between two
coefficlents to a new cluster for merging‘the resemblance
matrix. Although an excellent example of the application of
this method has been published (i.e. Birks and Berglund, 1979),
"the single linkage criterion of CONSLINK can lead todvsevere
chaining, especially in po%&en sequences where analysts usually
placé samples closer together in zones of rapid change."
(Grimm, 1987). The procedure CONCLINK, however, uses a
different linkage clustering method to merge the resemblance
matrix. Instead of choosing the minimum value.for a new
coefficient as in CONSLINK; theumaximum value ié-assigned to
the merged coefficient for CONCLINK.'This selection would avoid
the severe chaining éince the clusters will be grouped together
by their minimum dissimilarity. '

In comparison with CONSLINK and CONCLINK, program CONUPGMA
is midway between these two procedures. The basic difference is
that CONUPGMA uses an unweighted pair-group method using
arithmetic avefages, whﬂéﬁ is the one most widelg used method
in éluster anélysis. Instead of choosing the largest or the

smallest value to assign a new coefficient, CONUPGMA averages

-
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the grouped coefficients to merge the data and form a new

resemblance matrix.

Examples of the application of CONCLINK and CONUPGMA and .
the detaileﬁ comparison of fariouﬁ numerical zonatlon
procedures wi}l be discussed éhd graphically illustrated later
with the pollen data of the study areas. A computer program

list and related documents are presented in Appendix F.

Pollen spectra derived from lake sediments represent
regional pollen rain (Ritchie, 1974}, whereas spectra from peat
deposits are subject to fluctuations.caused by‘vériations in
local environmental fac¢tors. Numerical zonation procedures such
as ZONATION and CONISS may work well with lacustrine profiles,
but may also present problems when applied to peat profiles
owing to fluctuations between samples. The conclusion here is
not to reject numerical zonation procedures but to apply
multiple procedures and synthesize the results. Therefore, the
definition of the zone boundary in this monograph, unless
specified, will be a combination of the CONZONE, CONISS, and

ZONATION procedures.

3.5.3 Computing Procedure
As the result of the rapid development of high speed
electronic computers and fast graphic plotters, several

computer programs have been developed in the pasf 20 years for
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the storage, retrieval, and manipulation of palynclogical data
anﬁ the plotting of the pollen diagrams (such as Squires, 1970;
Bfrks and Huntley, 1978; cCushing, 1979). Among these programs
POLLDATA.MKS developed by Blrks and Huntley in 1978 seems to be
the most powerful one. However, as indicated by Birks and
Gordon (;985, P.. 25), all these programs are heavily dependent
on the local installation of hardware systems. At the time when

this study began, none of these programs was conveniently

‘available, therefore, a FORTRAN 77 computer program named

PALYDP (PALYnBloéical Data Processor) was developed by the
author. The main characteristics of this system included the
storage and manipulation of the pollen and spore data. The
system facjlitates the calculation of pollen.percentége upon an
uéer—defined pollen sum; the éalculation of pollen ratios
between fome user-selected taxa, éhe calculat@on, extrapolation
and modification of sedimentation rate using a number of
radiocarbon dates, the calculation of absolute pollen
concentrations and pollen accumulation Fates, and the
calculation og_speciés richness‘ﬁéiqg three different indices
and Shannon-Weaver diversity (Appendix E, sensu 0Odum, 1971,
p.l144). All the above functions are hardware and software

installatiop'independent. Unfortunately, the -portion of the

program utilized for plotting the diagrams are hardware and

software dependent. Pollen diagrams of the relative pollen
frequency, pollen concentration,. and pollen accumulation rates

can be plotted using a Calcomp plotter which produces a

85
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reducible publish:ready pollen diagram with an option.fo;
including sediment symbols. Meanwhile, .a serfes of programs
were prepared using DISSPLA subroutines (Integrated Software
Systems Corporation, iSéG) to plotlcharts for pollen ratios,
speciés diveréity and richness, ?4C détes vs depth relatlions,
and so on.‘A user's guide-book -for the pfogram PALYDP and

-

program source codes are listed in Appendix G.
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. Contemporary Pollen Records

of the Alshihik Basin and its Vicinity
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4.1 Introduction

The relationship between éontemporary pollen spectra and
present vegetation £rom which the pollen spectra derive has
been conventionally a-useful parameter for the interpretation

4

of palynostratigraphic data. It is especially hseful to use
surficial pollen-data in a ;ew area of fi{nvestigation, where
little is known of the'pattern of the pollen’' sequence (Wrlight,
1967). During the last fgw decades, (great quantities.of
surficial peollen data havé been published, and .dsopoll maps
have been produced for much of North A@gxica (Delcourt et al.
1984}). Some investigations of contemporary pollen and
vegetation/climate relationships have been carried out in
southwestern Yukon Territory. In the Aishihik Basin and its
vicinity, however, the records still remain fragmentary.

As discussed previously (see Chapter 2}, the study area
exhibits complex topography and landforms with extremely
variable vegetation covers. Surficial palynological
investigations in the adjacent areas show that the pollen
recdrd$ are strongly influenced by environmental conditions in
addition to the present vegetation. Geurts (1983) has found
that the modern pollen assemblage in Coppermine valle; has a
close relationship with landforms and concluded that the
variations in the pollen spectra do not exclusively reflect
climatic variations or ecologic successions. Campbell (1987)

reported the over-representation of Picea by more than 60% in
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Ruby Range, and de Bastiani (1988) also demonstrated strong
over-representation of Picea in all alpine vegetation zones in
Williscroft'Creek in the Kluane Lake area. These studies
suggested strong modification by topography of the pollen
records. Meanwhile, studies on the relationship between
alrborne pdllén records and climatic datg in the Ruby Range
revealed that the contempo;{;y pollen records are a;so
influenced by the variation of,;tmospheric-circulatiﬁn'system
(Lagarec et Geurts, 1984). It is, thérefore, essential that the.

interpretation of the fossil pollen'recozdsbin this area. be
} .

facilitated by a surficial palynological 1nvest1§étion.

Field and laboratory methods are described in Chapter 3.
Modern vegetation and other environmental parameters are
discussed in Chapter 2. The numerical"apéﬁoaches involve a
pair-weighted cluster analysis and principal compénénf
analysis. The results of these analyses will be discussed in

section 4.3. -

4.2 Contemporary Surface Pollen Analyses

In comparison with surface lake sediments, moss polsters

generally yleld a greater repteSentétion of locally derived

*

pollen, which can be valuable for evaluation of local
environmental changes (Short et gl., 1986). Twenty polster
samples wefe collected from four different vegetation-landform

N
units (Fig 4.1) in order to determine whether a polster could

-
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in this study
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" produre’a pollen spectrum which could reflect the original

vegetation.

4.2.1 Results"

The results of the pollen analysis are illustrated in a.

relative pollen frequency diégram (Fig. 4.2). The samp}es‘are'
grouped according to the local vegetation-landform units from
which the samples were collected. The following discussion will

follow this classification.

Nineteen pollen types (excluding unknowns) were
distinguished and arranged in the order of trees-shrubs-herbs-
pteridophytes. Thé_prese;vation of pollen and sporeglwas very

.

good in all samples.

SPRUCE FOREST: The samples collected from spruce forest

I’

'yield. pollen spectra dominated by high'Picea percentage (50-

78%). Pinus is also well represeﬁted (0-11%). Betula percentage
is relatibely'low, varying from 4% to 14% except in one sample
which_has 26%. Salix varies from absent to 15%. Percentages of
herbaceous taxa, including Cyperacéae and CGramineae, are

generally low.

FOREST-TUNDRA: The pollen spectra from the forest-tundra
vegetation-landform unit have 34-55% of Picea. The next
dominant taxon is Betula which varies from 22% to 38%. Salix is

[

around 3-5%. Pinus is present in all samples with values of 3-

8%. Alnus varies from 1% to 9%. Ericaceae is moderately
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represented in all samples at 1-9%. Herbaceous percentages are

generally low.

SHRUB-TUNDRA: The dominant pollen taxa f;dm‘the~§hrﬁb—

tundra vegetation-1andform urit—ts Betula; —which —varies—from

34% to as high as 87%. Picea percentageé are comparatively low

{9-25%). Pinus varies from 0.2% to 6%, Alnus from 0.2% to 0.8%,

and Ericaceae from 0 to 13%, Herbaceous percentages are also

low.

WET-MEADOW: The high fercentages of Cyperaceae and’
Grqminege mark the pollen spectra derived from the wet-meadow
vegetation-landform unit. Cyperaceae percentages are
approximately 36-38%, Gramineae'vﬁriés from 17% to 43%. The
spores are‘well represented in contrast with those in the other
pollen spectra: Sphagpum varies from 1% to 5%, Equisetum from
1% to 26%, Drvopteris from absent to 4%, and Lycopodium from O0-
2%. Trees and shrubs, however, are obviously less well
represented than in the other units: Picea varies from 13% to

36%, Pinus from 1% to 5%, Betula from 4-8%, and Alnus from

absent to 4%.

4,2.2 Summary of the Basic Features

The following features are distinguishable from the

present percentage diagram:

«
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(a) Samples from the spruce forest vegetation-landform

unit are distinct from the others by high Picea percentages and

low Betula representation.

(b) Samples from the forest—turmdra vegetatlomlamdform—————
unit are not easy to distinguish from those of the spruce
forest because of the high values of Picea, but they have

relatively higher Betula and Alnus percentages.

(c) Samples from the shrub-tundra vegetation-landform unit
are characterized by high percentages of Betula and

simultaneous low representation of Picea.

(d) samples® from the wet-meadow vegetation-landform unit
are distinct from the others by dominant percentages of

Cyperaceae and Gramineae pollen and low values of tree and

shrub pollen.”

4.3 statistical Analyses

Statistical methods have been employed for summarizing
and displaying the pattern of modern Pollen data, and a number
of successful appzoachés have been undertaken (Birks and
Gordon, 1985}). The metpods employed in this study arxe palr- .
welghted clustei analysis and principal component analyslis |
(Davis, 1973, program CLUST and PCA). The initial aim in

employing these analyses was the classification of pollen
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samples. If numerical classification corresponds with the
classification of vegetdtion-landform units, it can be "

concluded that different vegetation-landform units produce

‘distinctive pollen spectra which can be used to facilitate the

interpretation O0f palynostratiqraphic data with high
confidence. The second purpose was to extract some information
for interpreting the inter-structure of pollen data. Taxa

included in the data set are Picea, Pinus, Alnus, Betula,

Salix, Ericaceae, Gramineae, and Cyperaceée because these taxa
reach 5% in at least one sample and have relatively consistent
occurrence. This selection is based upon the consideration of
statistical 'noise' derived from rarely represented taxa
(Prentice, 1980). i
4.3.1 Cluster Analysis

As one of most conventional numerical classification
methods, cluster analysis was carried out to éroup the samples
into clusters without an ériori grouping but purely based on
their bollen content. The samples were uSéﬁ as objects and the
pollen types as variables. Peaqson's productfmoment correlation
coefficient was calculated (Appendix E), and the weighteé-pair
group method was employed for the clustering. The result is

illustrated in fiqure 4.3.

The similarity between clusters decreases rapldly after
0.6 where an arbitrary cut divides the dendrogram into 3

groups, ji.g. A, B, and C (Fig.4.3). Ignoring the portion below

J
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0.6, the remained part contains 89.5% of the clusters. In
compaglison .with initial classification based on vegetation-
landform units, group A contains the samples collected from

spruce forest and forest-tundra. Tﬁis group can be further

divided into sub-groups Al and AZ, whicﬁ contain the forest and
forest-tundra samples, respectively. This resulé implies fhat
pollen spectra from'the spruce forest are not easy to
distinguish from those of forest-tundra samples. This
interpretation -is also consistent with the'classical
interpretation of pollen diagfams. However, spruce forest and
forest-tundra may yleld highly similar pollen spectra within
the group. Group B contains the samples collected from shrub-
tundra which also corresponds with the vegetation-landform unit
classification. The last group (C) only contains samples

Ly
collected from the wet-meadow .environment. These results, in

"

. .;\'. . *
conclusion, suggest that shrub*tundra and wet-meadow pollen

spectra can be easily distinguished from the others, while

forest and forest-tundra spectra have higher similarity. e

4,3.2 Principal Component Analysis

Principal component analysis is powerful in displaying the
structure of a large number of interrelated variables in terms
of a smaller and simpler set of new uncorrelated variables or
principal components (Birks et gl:, 1975). I? is useful for
summarizing and extracting interpretable information from a

data matrix.



The results of principal component analyslis are
represented in figure 4.4a and 4.4b. As illustrated in figure

4.4a, herbaceous taxa have high'positive loadings on the first

98

o

TonhR
. F

PCA axis, while tree and shrub taxa all have negative loadings.
These results indicate that pollen spectra from herbaceous
vegetation are statigtically distinctiﬁe from others. Picea has
relatibely high positive loading on the second PCA axis, while
.Betula has high negative loading. This differentiates,
statistically, the spectra of the spruce-dominated community
from those of the birch-dominated community and suggests a
negative correlation between these two taxa or a compensating
relation. The other axes are relatively noisy and are not easy

to’ interpret.

The plotting of component scores along the first two
principal component axes (Fig. 4.4b) accounts for about 54% of
total data covariance. It is interesting to note that the wet-
meadow éamples are distinctively separated from all other
samples with high positive scores on the first PCA axis and
ﬁoderate scores on the second. Shrub-tundra samples are also
distinctive from others with moderate scores on the first axis

and high negative scores on the second. All forest sampfes have

moderate to high negative scores on the first axis and positive‘

scores on the second axis. The forest-tundra samples have

intermediate negative scores on the first axis and moderate
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scores on the second axis. The highly similar pattern of scores
for forest and forest-tundra samples is consistent with the

results of the cluster analysis;- ' ‘ T

4.3.3 Summary of the Results

The gquantitative analysis of the modern pollen spectra
indicates a high degree of correspondence hetween palynological
data and vegetation—landférm unit’classification._Cluster
analysis provides the fundamentals for comparison between the
numerical classiﬁication of samples based only on their pollen
contents and thaf based on vegetatjon-landform units from wﬁich
‘the samples were collected (Tab. 4.1). Group Al consist.s of 8
samples all collected from the fdrest unif, which includes
88.9% of the total 'samples from that unit. All forest-tundra
and ,shrub-tundra sampleézhave bgen grouped together
respectively. Only one forest sample is not adequately grouped

together with other samples from the same unit.

The distinctive principal component scores on the first
two principal component axes confirm the classification of
samples by cluster analysié. Principal componenf analysis also
provides a numerical synthesis of information on the importance
of a particular pollen taxon in the different vegetation-
landform units, as well as the relagionships between pollen

taxa.
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Table 4.1 Comparison of sample classification suggested by cluster
analysis and by the vegetation—londformunits from which the
samples were collected

Cluster “ Vegetation—landform units

Group Forest Forest—tundra  Shrub—tundra  Wet meadow

Al 8 - - -
A2 ] 4 - -
B - - 4 ) -
c - - - 3

Total

Samples
for each g
unit -
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In conclusion, different.vegetation-landfofm units can
yield numerically distinguishable pollen spectra which reflect

contemporary veggtation with high confidence. Therefore the

pollenr spectra of MoOdern mMoss polsters can be -used as
references for the interpretation of fossil pollen records in

the study area.

[ !

4.45blséussdon and Conclusion

“The vglues Pf 8 major pollen taxa in the 20 mﬁss polster
samples from four vege@ation—landform units are summarized‘in
'table 4.2. The ratio of Picea/Betula and the second principal

component scores are plotted in figure 4.5. The Picea pollen

percentages are also presented in the figure. All curves were

»
smoothed by the third order parametric polynomial interpolation
method. It is notable that all samples from the spruce forest

have more than 50% Picea pollen with a mean of 62.9%. The high

pollen ratio of Picea/Betula reflects the importance and
dominance of Picea in this vegetation-landform unit. The high
second principal component scores also give the same
information since Pjicea has highest positive ioading on this
axis. The high representation qf Picea pollen presented here is
consistent with previous studies in thelarza (i.e. Rampton,
1571; de Bastiani, 1988). Pollen percentages of surficial moss
polsters from Williscroft Creek in Kluane National Park of
southwest Yukon Territory vary from‘ﬁat to 83%. The different

Plcea percentages 1in these two areas. presumably reflect

-~
T
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Table 4.2 Summary of selected pollen percentages in surficial samples.

Upper figures are ranges of percentages, lower figures are me&jzn
Pollen sums exclude aquatics and spores I~

e at” 5—
Vegetation—landform units
Pollen Toxa _ N
Forest Forest—tundra Shrub—tundra Wet meadow
N 50.0-75.4 321-54.5 8.9-24.6 13.3-355
Ficea ' 629 39.9 171 20.9
) © 00-109 27-77 0.2-57 11-5.3
Finus 3.8 43 27 27
0.0-5.2 14-9.0 0.2-8.2 " 0.0-4.4
Alnus 24 65 49 18
4.3-255 16.7—38.0 34.3-86.8 4.3-7.8
Betula
10.1 26.0 58.7 57
] 0.0~152 3315 0.2-57 0.0-10
Salix 5.0 6.1 16 0.4
) 0.0-7.3 11-9.5 0.0-13.3 0.0-0.0
Ericaceae 16 40 5.2 0.0
‘ 0.8-15.0 1.1-5.1 0.0-6.6 16.5—42.6
Gramineae 2.0 36 21 312
0.0-97 14-15.4 10-15.2 " 277-318
Cyperaceae 4.3 80 76 339
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differences of both landform and forest'density. Samples of
Williscrpft Creek (de éastiani, 1985) were collected'within a
Picea gqlauca foresf which occupied a steep slope and faced the
relatively broad valley of Kluane Lake. The area reported on ln
~this study, however, has various micro-toﬁography in - a broad
area with undulat}ng and hifly topography. This difference

‘Eguld result in differences in polizzmalspersion. Geurts (1983)

reported another similar example of Picea perEéntage related to
topography from Coppermine Valley in fhe NorthyestiTerritories,
and concluded "Une dominance du polieh de Picea éofrespond‘aux‘
plateaux forestiers sur des versants en pente de +/- 12°"
(Geurts, 1983, p.586}. A similar result was also reported from
the Natla River area in the Norfhwest Territories (MacDonald,
1983). MacDgnaldlénd Ritchie (1986) also reported corresponding
values of gi;gg from the western-jgterior. Unfortunately,
Rampton's data (1971) are less valuable since only one sample

-

was collected from the white spruce forest, although the result

-

is'comparabie to the present study. In the St.ﬁElias Mountalns,

however, Picea pollen percentaées from forestlgamples are quite
different (Birks, 1977), varyiné from 5% to 43%. The sample
sites were adjacent to Klutlan Glacier where down-glacier wind
produces dfdifferent ppllen transport systém. Ritchie (1974}
reported that forest site spectra from the Mackenzie Delta im
the Northﬁest Territories consisted of over 50% arboreal types

(Picea, 25-30%; Betula, 30%). The taxa which compensate the low -

Picea values were Betula and Alnus. In comparison with this
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study, the differences of forest compositfon and locél
environmental components between two areas supply one of the
- reason for the dissimildrity of pollen data. High values of
Alnus and birch tree pollen in the Mackenzie Delta area
indicated that these plants have denser aigtriﬁutlon in. that

. area. Conversely, in thisg study area, Alnus has a very sparse

distribution and tree birch is not bresent according to the

three year field observations.

-

The pollen spectra of forest-tundra samples are generally
distinguishable from the others except for the high s;milarity
to those of forest samples. High correlation coeffiéients
between spectra of forest and forest-tundra samples ih the
cluster analysis (Fig. 4.3) and the close relation of'their
principal component scores on the first two axeﬁ-(Fig. 4.4b)
reveal the affinity between those twb‘groups.'This may suggest
that the pollén spectra of forest-tundra samples could ﬁe
confuséd with those of forest samples, especially if the forest
is in an open phase. Similar phenomena haﬁe been found in the
Upper Natla River area in the Northwestherritoriés (MacDonala,
1983), and comparable pollen spectra have alsﬁ been reported
from the western interior (MacDoﬂald and Ritchie, 1986}.

However, a great decrease of the Picea/Betula pollen ratio in

comparison with that of forest samples and obvious decrease of
the second principal component scores (Fig 4.5) still suggest

that forest-tundra énd-éié:st pollen spectra can be

r
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.distinguashed despite their similar Picea percentéges. In
conclusion, these two groups are distinguishable based upon

their pollen spectra, numerical approaches, and pollen ratlds.

- The shrub-tundra sites are typified by high shrub pollen
percentages, especially that of getula; and low fregquencies of
tree pollen (Tab. 4.2). Both polleq spectra and numerlical
anqusis indicate that shrub-tundra sites can yieid obviously
different pollen spectra in comparison with other vegetation-
landform units. Betula-dominated spectra have also been
observed in the birch tundra samples from the Upper Natla River
area - (MacDonald, 1983) where the general aspects of shrub-
£undra pollen spectra ére‘quite similar to these ih the present
study. Very loﬁ Picea/Betula pollen ratio and the second
principal component scores fFig 4.5) strongly sd;gest the low
influence of Picea pollen in the spectra. In comparison with
the pollen spectra from other units, low Picea percentages from’
shrub-tundra samples are consistent with those in other
studies. However, since the general area in which these four
samples were collected is a forest-tundra environment and near
a spruce forest, Picea percentages from these tree-les; units

are higher than the 10% threshold defined by Ritchie (1984a).

It is not surprising that Cyperaceae and Gramineae
' v

dominaté the pollen spectra of wet-meadow samples (Tab. 4.2).

High percentages.df Cyperaceae and Gramineae have been



ﬂﬁhj?ﬂ | 109
frequently observed from the surficial pollen diagrams (Jacobs’
et al.: 1985; Short ‘et al., 1986} and also palynostratigraphic
diagréms (e.q. Kay, 1979; Ritchie, 1982) de;ived from the
north. In this study, -well represented Sphagnum, Equisetum,
Cyperaceae, as well as the low fréquency of Betula strongly
suégest the wet condition..Large areas of wet ground are
fréquently scattered in the lowland of the study site,
representing a ‘distinct ecosystem. Howevery the high
percentages of Gramineae and Cype;aceae are not necessarily
related té a tree-less vegetation since the éeneral study érea

is forested. This result is consistent with previous studies

(Ritchie, 1976; 1977).

In Eonclusion, contemporary pqllen speétra from moss
polsters can provide a base for'the interpretation of
palynostratigraphic data in the study area wheie the
vegetation-landform units show great coﬁplexity. Both the
classical interpretation of the pollen diagram and the
numerical analysis of the pollen data verify that different
vegetation—landform units 1n the area can yield distinguishable
pollen spectra except for a high similarity between forest and
forest-tundra groups. However, the small number of samples in
the wet-meadow unit may raise statistical instability in the

result for that¥ group.



"Chapter 5

Post-glacial Pollen Records in the Northern Aishihik Baéin
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‘5,1 Introduction

<?/ The northern Alshihik Basin and adjacent Klondike Plateau
(Fig. 2.1) exhibit a complex Quaternary environmental history.
In fact, the extent of the last giaciation still remains in
dispute (Hughes, manuscfipt; Prest, 1984; Beaudet, 1986).
Records of Holocene vegetation ﬁistory in this area are
extiemely fragmentary and rare. Only one pollen profile has
been reported from this area (Beaudet, 1986, summary diagram
presented here in figure 5.1} , which is a part of a regional
investigation of late-Quaternary history in the southwest Yukon
conducted By a research group from the University of Ottawa.
Initial interpretétion of this pollen prbfile suggests that
spruée arrived in the Mackintosh Creek area approximately 8,900
yr BP, and that the modern forestutunéra environment has been
stable since about 8,000 yr BP. The initial vegetation in the
area was & herb tundra followed by a birch-dominated shrub

tundra at about 9,900 yr BP (Beaudet, 1986).

It is essential to conduct a series of paleoecoloéical
investigations so that the regional environmental history can
be reconstructed for an area, such as northern Aishihik Basin
and its wvicinity, which has a complex topography and
Pleistocene history. In this chapter, two Holocene pollen
profiles, one between the Reid and McConnell glaciation limits
(XW-1}, and one between the McConnell limit and an uncorrelated

moraine system (XW-3), and one late-Holocene pollen profile,

v
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were examined to trace the paleoenvironmental evolution (Flig.
/1.3; Fig. 5.2). The influence of landform development processes

on the pollen records was also assessed.

5.2 Upper Nisling Valley (XW-1)

5.2.1 Site Description and Present Vegetation

Profile XW-1 was corgd in a peat bog in the Upper Nisllng
Valley area at 61°51'13" N Lat., 137°21'43" W Long., 975 m
a.s.l. (Fig. 5.2, Fig 1.3). The elonﬁated.bog depression 1s
about 600 m long in NE direction and ca. 200 m wide In NW
direction. This area is near the edge of the Reid moralne as
identified by Hughes (manuscript). The deﬁression is currently

. surrounded by white'spruce (Picqg'qlauca) forest. Salix glauca

and Betula glandulosa are two shrub taxa in the community.

Potentilla fruticosa, Arctostaphylos sSp., igggm tetraqonum,
Equisetum sp;: and Gramineae are also present. At the core‘
site, however, Cyperaceae cover about 50% of ground surface
compared with Gramineae at about 20%. 55115 glauca and Betula
glandulosa cover about 15% and 10%, respectively. Potentjilla

fruticosa and Chenopodium sp. are present.

5.2.2 Sediment.stratigraghx
The lithology of this profile is relatively simple:

"Organic peat with rootlets occurs in the top 15 cm. White River
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~wet o Contour (300 feet Interval)

Figure 5.2 Map of northern Aishihik PBasin showing
' fossil pollen sites and topography
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3sh which is found between 15 and 18 cm depth, overlies more.
peat which extends to the bottom of the profile at 104 cm.
Frozen ground was encountered at 26 cm on July 17 of 1985. The-
driiling was terminated when rocks were encountered. Ice lenses

are common in the sediments, especlally at 97.5 cm and 104 cm

depth.

5.2.3 RadioCarbon Dates and Chronelogy

Four core segments were submitted for *4C dates and the -
results are‘listed in table 5.1. All these dates were obtained
from the same section as the bollen spectra.

The distortion of sediment depth by frost heave was
estimated following the method described in chapter 3. Four **C
dates and the White River ash layef (ca. 1,230 yr BP) were used
to determine the sedimentation rates after the calibration cof
sediment depth. A polynomial réqression technique (Davis, 1973,
program POLYD) was employed to fit the *4C dates vs depth
relation (Fig. 5.3), and the second orxder polynomial eguation,
which glives a multiple R? of 0?9727 for the goodness of fit,
was used to calculate the age of samples and determine the
sedimentation rafe (in centimetres per year). Such a technique
has been employed elsewhere (g,g; Cwynar and Ritchie, 1980;

Cwynar, 1982; MacDonald, 1983).
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Table 5.1 14C dates of Profile XW-1
Lab Number . Depth Interval 14C date Material
12.0-18.0 cm - 1230 yr BP ash
Ug-1266 * 25.0-35.0 cm 4550 +/- 100 yr BP peat
UQ-1267 50.0-60.0'cm 5500 +/--200 yr BP  peat
Up-1268 71.0-76.5 cm 7450 +/- 100 yr BP peat
UQ-1430 95.0-104.0 cm 9100 +/- 100 yr BP peat

* Not used for calculating sedimentation rates
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Figure 5.3 C dates vs depth relation of

profile Xw-1, Upper Nisling Valley
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"‘5.2.4 Relative Pollen Freqguency SN |

The results of pollen analysis are shown as a re}at}ve
pellen frequency diagiam (Fig.5.4} and an absolut%ipollen
accumulation rate diagram (Fig.5.5). As suggested earlier
(chapter‘B), the large flgctuation of pollen spectra between
peat sampleé causes real practical difficulties for numerical
zonation approache;,_and therefore, quantitatively defined
zones of a peatrprofile are better examined by more than one
procedure to ensure reliability. Hence, numerical zonation
procedures employed here to zone the relative pollen freqﬁehcy
diagrah are programé°of CONZONE,lZONATION, and CONISS.
Dendrograms of different procedures are illustrated in figure
5.6. The relativé pollen frequency diagram was classifled by
these numerical procedures into three local pollen zones. To
avoid statistical noise of rare t;xa, only those taxa which
-have relatively frequent occurrence and considerable values
wére jncluded in the entrance data set. These are.Pjicea, Alnus,
Betula, §g;l;,_Rosaceae,'Jggiﬁerus, Ericaceae, Shepherdia,
Gramineae, Cyperaceae, Lycopodium, Dryopteris, Eguisetum, and

Sphagnum.

ZONEil (80.0 cm - 108.0 cm): Zone 1 is characterized by
high values for herbs (27.7% to 50%} and shrubs (13% to 32%).
Picea values are also quite high (23% to 43%, mean 36%). Betula
is the most dominént shrub in this zone (9% to 27%, mean

16.8%). Shepherdia and Rosaceae are consisténtly represented
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(1% to 5%),;and Juniperus, Alnus, and Salix are léss fregquent
{<4%). Cyperaceae éfé the most 1mportant'hérbaceous taxa in
this zone (16.5% to 44.3%, mean 30%). Gramineae percentages
range from 3% to 13% with a mean of 7%. Egulsetum is well
represented in the lower part of the zone (3% to 13%), and
océasionally occurs in the upper part of the zone. Sphagpnum is
absent from tWO'Sémples and ranges’from 1% to 8.6% in the other
samples.'Othe‘ taxa are not significantly rgpresented. |

ZONE 2 (33.0 cm - 80.0 em): Zone 2 is characterized by an
obvious increase of Plcea pollen percentége and significant
decrease of Betula wvalues. Picea ranges from 35% in one sample
to 75% as maximum, with a mean of 57%. Alnus pollen 15 more
consistently represented than before with values from 2-3%
generally. Betula values have decreased to 2-15% with a mean of .
8.7%. Rosaceae are st;i&\consistently represented with a value’
of less than 2%. Other shrubs are less important than before.
Cyperaceae values are sl&ghtly lower as well, ranging from 8%
to 35% with a mean of 20%. Gramineae are similar to before at
7%. However, both Lycopodium and Pryopteris are well
represented in this zone especially in the lower part with
vaiues around 1-3%. Equjisetum is now more cons?gtently
represented, varying'froﬁ-absent in few samples to 16% although
generally around 5-6%. Sphagnum is also consistent with values

around 2-3%. Other taxa are not well represented.




e
ZONE 3 (0.0 cm - 33.0 cm): The most distinctive feature of
.zone 3 is the decrease of Picea values with a compensating

increase of Cyperaceae. Picea percentages vary from 26% to 57%

with a mean of 38%. Pinus pollen is consistently represented in

the upper part of fhé zone (ca. 2%). Alnus values in the lower
part of the zone are similar to before, although.a bettefl
representation is found in the upper part {(about 3-7%). Betula
percentage. is similaf to before {(from 3% to 15%, mean 10%).
Salix has its best representation in the ﬁ}ofile (from absent
in a2 few samples to 4.4%, mean 2%). Cyperaceae show an obvious
increase, varying from 21% to 53% (mean 35.6%). Gramineae,
however, show no significant change. Polygonum values are
approximate 2%‘in the upper part of the zone, and rise

simultaneocusly with Salix. All other taxa, including

Lycopodium, Dryopteris, Eguisetum, and Sphagnum, which are
significantly represented in zone 2, show no significant

1
occurrence in this zone.

N

5.2.5 Pollen Accumulation Rate

The pollen accumulation raté diagram (Fig. 5.5) was zéned:
according to the zonation definition of the pollen percentage
diagram. Deteémination of the pollen accumulation rate wag
carried out after modification of sediment deéth and
extrapolation of sedimentation rate using the second polynomial

reQrESSion equation, as stated earlier.
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ZONE 1: Tétal'pollen accpmulation ih zone 1 is relatively
low, ranging from 100 grains/cm*/yr to 420-grains/cm’/yr with a
low pollen concentration of about 7.5-41.0 X 103 grains/cm?

sediment. Plcea values are about 100-250 grains/cm?/yr. Betula

1

values range from 20 grains/cm?/yr to 100 érainé/cm’/yr (mean
60 grains/cmz/yr). Shepherdia varies from a‘few gralns to about
40 -grains/cm?/yr, though values_éround 10 grains are most
common. Cyperaceae kange from 50 grains/cm?/yr to about 250
grains/cm?®*/yr, around ;00 grains/cm?®/yr on aberage. The rate of
Gramineae accumulation is less than 50 grains/cﬁ’/yr in most
cases. Equisetum, at about qo.grains/cmzfyr is found in the
lower part of the zone. Other taxa are usually represented by

just a few grains when present.

ZONE 2: Total pollen concentration of zone 2 is about 3-15
X 10* grains/cm?, and the total pollen accumulatiép rate is

from 300 grains/cm?*/yr to 1400 graiﬁs/cm’/yr with a mean of

about 750 grains/cm2/yr. Picea values are obviously higher than
before, varying between 250 grains/cm*/yr in ong sample and
1700 grains/cm*/yr, with 600 grains/cm?/yr being the most
common rate. Alnus pollen is better represented with rates
ranging from a few grains to about 40-50 grains/cm?/yr. Betula
valueg fluctuate widely,-varying f¥om about 20 grains/cm*/yr to
about 200 grains/cmzfjr. Cyperaceae values are similar to those
in =zone 1, q$ 200 grains/cmz/ff with thée exception of one

extreme«value'(BSO grains/cm?/yr) at the 36.5 cm level.
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Gramineae lncrease slightly to about 50 grains/émzlyr on
average. Egujsetum values rangé.from 20 grains/cm?*/yr ‘to 320
grailn/em?/yr when present, but are usually less than 50

gralns/cm®*/yr. Other taxa are not significantly represented.

ZONE 3: The total pollen acéumulation of zone 3 is abouf
330-1300 grains/cm2/yr, and the total pollen concentration in
this zone is between 4 X 10* grains/cm® and about 17 X 10+
grains/cm”?, which is similar to concentrations in zone 2. Picea

values are still around 500-600 grains/cm®*/yr. PBlnus pollen

however, is better represented in the upper part of the zone,
varying from a few grains- to 40 grains/cm?®/yr. glgég values
increase slightly, ranging from 15 grains/cm=/yr to 70
grains/cm®*/yr, excebt for an extreme value (130 graiqs/cﬁ’/yr)
at the 12.5 cm level. Betula values still fluctuate
considerably with a general increésé, ranging from 35

gralns/cm?*/yr to 310 grains/cm®*/yr. Salix values in the upper

part of zone are consi;tently around 30-50 grains/cm®*/yr. Along
with the increase of Salix, Polygonum values also increase to
about 10-30 grains/cm®*/yr. The most notable feature is that
. Cyperaceae valueg are much higher in this zone, but show a
general pattern of decrease from 900 grains/cmzlyzﬁat the
bottom to about 200 grq&gs/cm’/yr at top of the zone. Gramineae

values, however, are similar to those in zone 2. No significant

occurrence of other taxa were found.
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75-2-6 Numerjical Analysis

Results of Q-mode PCA (Fig. 5.7a and 5.7b) indicate that
Picea, Lycopodium, and Dryvopteris have hligh positive loadings

~on the first axis, which account for 24% of the total
covariance of the data set. ?his reflects the fact that these
taxa a?e best represented in zone 2 and explains the high
positive principal component scores of zone 2 samples.
Cyperaceae have the highest negative locading on this axis,
which accounts for the negative scores of zone 1 and zone 3
samples. Sphagnum and most shrubs (e.g. Betula, Rosaceae,
Juniperus, Shepherdia), have high negative loadings on the
sgcdnd principal axis but no taxa have significant poslitive
values. The second PCA axis accounts %or about 17.8% of total
data covariance. The jnegative scores of zone 1 samples reflect
the fact that those shrub taxa are most importanf in the pollen
spectra. The low negative or moderéte positive scores of zone 2
and zone 3 Samples may be e?plafned as the result of
insignificant fépregentation of those shrubs. The third axis,
which accounts for about 13.3% of total information, is not -
easy to interpret. Picea, Alnus, Salix, Qggggggg, and
Ericéceae have considerable negative loadings on this axis,
while Cyperaceae and Eguisetum‘have relatively high positive
loadings. Highiy fluctuating sample scores'on this axis may
reflect the complex relationship between these taxa. High
negative scores at the upper part of zone 3 probably reflect'

the increase of Alpus and Salix percentages in the pollen
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‘spectra. The fourth axis accounts for about 8.8% of total
covariance. Equisetum, Ericaceae, and Alnus have high positive

loédings on this axis, while Salix has a considerable negative

value. High positive scores of samples in tﬁe upper part of
zone 2 may };flect the considerable representation of Eguiéetdm
-and Ericaceae in this pért of the profile. The fifth axis
accounts for about 8.0% of total covariance. Both Alnus and

Salix have high positive 1oadings on this axis while Picea,

Cyperaceae, and Gramineae have relatively high negative values.
Considerable positive sample scores in the upper part of the
profgle probably indicate that Alnus or Salix are better.
represented here. These five axes aécount for about 72% of the
total covariance of the data set. Discarding the other‘axﬁyf
will not significantly reduce the information. |

The results of PCB are présented in fiqure 5.8 which shows
the plane of the first and second PCB axes. This plane accounts
for about 83.8% of total information as measured by criterion
Cz (Appendix E; Gordon, 1982). In the entire data set, Picea,
Betula, and Cyperaceae are the most important taxa, as
indicated by the high valueé of their corresponding vectors
{(Fig. 5;8). These three taxa, as suggested by the orientation
of their vectors, are complementary to each other; that is, an
increase or decrease of any one of these taxa will cause the
reverse change in the other two. All other .taxa are much less

important. By the élustering of samples of different %pnes, it
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is clear that zone 1 samples are similar to modern forest-
tundra samples,. and zone 2 samples ‘are close to those of the
modern forest vegetation—landform unit. The cluster of 2zone 3
samples, however; is elonga?ed in the direction of the
: Cyperaceaé vector and overlapo with zone 1 and 2 clusterﬁ as
~well as ﬁodern wet—mgadow-vegétation-landform unit'samples.

This indicates the importance of Cyperaceae pollen in 2zone 3.

In oompaiison with PCB, results of CA illustrate the
broadly 51m11ar pattern of sampfe ordination {(Fig. 5.9). The
first and second CA axes capture about 49.0% of the total
information. Sample clusters of zone 2 and zone .3 overlap,
which indicates the similarity cf pollen content in those
samples. The zone 1 cluster 1s relatively separated from the
others. The high similarity between the results of different
numerical analysis methods provides‘high confidence\. for the

conclusion extracted.

5.2.7 Reconstruction of Paleoenvironment

| Pollen profile XW-1 provides palynological evidence of
local environmental hfstory after the last deglaciation in the
Upper Nisling Valley ar€a. It can be divided into three stages,

.
as _represented by threg local po{}en Zones.

ZONE 1: Pollen 2zone 1 represents a time during which the

study area was covered by a spruce  forest-tundra. High PRicea

~
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nberceniages.dnd considerable accumulétiqn rates durlng this

Lnéerval.suggest.fhat spruce arrlived 1ﬂ the Upper Nisling =
Valley at least 9,000 yr BP. glthough the picea percentage is
around 40% in this zone, vegetation dufing this period could
not be interpreted as a forest environment since the spruce
pollen accumulation rate at .100-380 grains/cm’/y; is too low to

support such an interpretation. The Plicea pallen accumulation)
rate of about 500~ 1 000 grains/cm?/yr has been 1nterpreted as
spruce woodland or forest from “the northern Yukon (Ritchie,
1982) and lower Mackeq?ie‘River Basin (Ritchie, 1984b). ‘A
“similar valde‘has also been repoqtéd from the Upper Natla River
area En the Northwest Territories (MacDogald,}lSéB). In the
middle Tanana River area of Alaska, a maximum 5,000
grains/;m?/yr pollén accumulation rate of Picea for boreal
forest has been recorded (Ager, 1975). It must be kept in mind,

e

however, that pollen agcumulation rates "in lacustrine

sedimen s, such‘as‘in gyttia, might be quite different from
those peat bog deposits. Alhigh propsrtionlof shrub pollen
the pollen spectra indicates that these taxa' were important
-énté in the past.vegetation.-Considerable percentages of
ﬁosaqeae, and Juniperus suggest an open habitat
xisted during this time interval .since these t;xa are unable
,to survive in a shaded environment ¢Ritchie, 1984b). High
percentages of Cyperaceae, Gramineae, and Sghagnum‘are only
localfcomponents which by themselves canngt indlicate reglonal

. J vegetatlon cover, and probably indicate wet or moist conditions

(e - } , @
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during thils time.'Therefore, it is reasonable to interpret the
paleovegetation of zone 1 time interval as a Picea-Betula-
shepherdia forest-tundra, which is in ‘agreement with the

conclusion derived from PCB and CA results. Thls forest-tundra

event probably lasted until 7,900 yr BP.
ZdNE 2: During the zone 2 time interval the area was
" probably covered by-a spruce forest. High Picea percentages and
‘accumulation rates and Picea vs Betula and Plcea vs Cyperaceae
ratios (Fig. 5.16) indic;te'that spruce was the dominant
element in the vegetation dufing this time interval. Both
percentages and accumulation rates suggest that Betula was
still common in the area. Other shrubs such as She‘herdia,
Juniperus, and Rosaceae were obviously less abundant due to the

. Wy

competition of spruce. Frequent occurrence of Lycopodium and
"
Dryopteris in the lower part//

of the zone probably suggests
.mdist conditiqns. Equisetum and Sphagnum as local bog-forming
componénts‘suggest wet environmental conditions.in the vicinity
of the core siée. This vegetation pattern was probably stable
until about 4,600 yr' BP (extrapolated), whiéh is a few hundred
years younger than the **C date obtalined at the zone boundary
level (4,550 +/- 100 yr BP, UQ—1266). By a 1linear
extiapolation of sedimentation rate between éach daté,‘the rate
between 27.5 cm'and 55.0 cm séems rather high and that between

the White River ash layer and 27.5 cm 1is guite low. Although

‘sedimentation rates in peat sediments vary, dates UQ-1266 and

-
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UQ-1267jpresent arproblem. Geurts (1985) ﬁodified.fhe
extrapolation of the 24C vs depth relationship using
palynological evidence, implying that the significant change in
seé;mentation rate might cause a change in tpe pollen spectra. .
'Such palynological evidence, however, is not found at the 55.0
cﬁ level. The significant change of Cyperaceae and gphagnum
pollen percentages at the 27.5 cm level might suggest a change -
~of growth rate 6f the peat bog. This suggestq that elther UQ--
1266 or UQ-1267 is a spurious date. There is no evidence that
‘fiela or laboratory contamination caused the problem since
great care was given during the cdilection, transportation, and
subsampling of all samples ih the field and inikhe laboratory.
Both samples have a limited inorganic carbon content.
Therefore it is difficult to determine which date is more
reasonableiybollen spéctra\in'this case suggest fhat UQ-1266 is
probably misleading since an incieése.of growth rate of the
peaﬁ bog might le;d to an increase of absolute‘pollen value of
bog-forming taxa such.as'Cyp?raceae. To deal with such aA¥‘c
array, a second order polynomial regression Qas'émplbYed to
determine the best‘fitting curve between these dates, és stated

in the section 5.2.3. , .

ZONE 3: Zone 3 represents a time interval during which the

area was still ‘covered by spruce'forest, although a minor

-

change of local environmental conditions had occurred. Although

the Picea percentages are obviously lower thqﬁ before and do
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not favour a forest interpretation, the discrepancy‘bétween
percentageé and accumulation rates suggests .that the decrease
" of Picea percentages is misleading due to the great 1ncréase of
oné local componeﬁt,'i.g. Cyperaceée. The*pbvious increase of
Cyperaceae percentages as well as their accumulation rates
suggests an inc:ease in the growth rate of the péat bog, which
suppressed the Picea pollen percentages. This result is also
shown by the selected pollen ratios (Fig. 5.10). To supéort
such an hypothesis, an arboreal pollen percentage diagram was
created (Eig. 5.11) to examine the relationship between Picea
and Cyperaceae pollen. The result shows that the Picea

percentage in zone 3 is similar to that in zone 2, which

implies that the decrease of Pjcea value in this zone is mainly
caused by overwhelming rep:esen?gtion of tgé lecal element.
Results of PCB and CA indicate the great resemblance Setween
zone 2 and zone 3 samples which implies an(afffnity of

palebenvironmeﬁtal nature. A simultaneous decrease of Sphagnum
with'tﬁe'increase of Cyperaceae suggests a change in the bog
condition which was probably more minerotrophic than before.
Pinus pollgn in this zone ;s still the result of long distance
transportation gut its frequent -occurrence in the uppér part of
the zone reflects, 1) the migration of pine inte the
southweéterﬁ Yukon and, 2) frequent changes of the atmogpheric
circulation system (Lagarec et Geurts, 1984). Alnus pollen is
probably a regional element via long distance tranggort because

of its low value. The increase of Salix pollen in the upper
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part af the zone indicat;é a small rise of willow in the
vegetgtion cover which could grow af the edge of or on the bdg
since‘its podr'd%spersal ability does not favour long disténcg

transportation. This vegetation pattern in the area has

probably been stable from about 4,000 yr BP to the present.

5.2.8 Summary and Conclusion

Pollen profilé XW-1 from the Upper Nisling Valley area
provides the .first comp{ehensive paleoenvironmental record for
this area. Numerical analysis and interpretation of pollen data

Al ' . .

indicate that from at least 9,000 yr BP to about 7,900 yr BP,

the area was covered by Picea-Betula-Shepherdia forest-tundra

vegetation. High Picea percentage accompanied with low pollen

accumulation rates indicate the influence of local bog—forming
taxa such as Cyperaceae on the determination of pollen
percentages, During this intexrval the condition of the bog was
prﬁbably very-wet‘as suggested by high percentages of
C}peraceae, Sphagpum, and Eggisekum. bDuring the perlod £from
7,900 ythP to about 4,000 Yy BP,‘the landscape around the
depression was probably covered by spruce forest with ferns and
other pteridophyte taxa as strongly suggested by percentage and
pollen accumulation rate values, selected pollen ratios, and
also numerical analysis. The bog condition was still ;et as
suggested by high wvalues oflgphagnum spores in the polFen
spectra. During the last stage, from about 4,000 yr BP.to the

present, a spruce forest remained though local elements changed
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somewhat. These include the small rise in the percentage of
willows in the vicinity of the core site,.énd the decrease in
moisture conditions at the bog reflected in the reduction of
Sphagnum and. increase of Cyperaceae. The low value of Sphagpum
in fhé profile sugges?s that this depression has never been in
a full 6mbrotrophib‘condition, rather it is a mlnerotrophic

peat bog with slight modification of the conditlon.

.

5.3 Migl dle Mackintosh Creek (XW-2)
t,
2 5.3.1 Introduqﬁion -

A 32 cm profile was collected in a palsa field near the
bank of middle Mackintosh Creek at 61°49'00" N Lat., 137°215'09"
W Long., and approximately 1,001 m a.s.l. (Fig. 5.2). Here the
creek becomes wider and Flatter. The present vegetation at the ’
sampling site- is gétula glggdulosa-doﬁighted community in a
forest-tundzra eﬁvironﬁent. Picea glauca stands are scattered

throughout the general area.

The'sediment.stratigraphy of this short profile lis
relatively simple. White River ash is found between 28 cm and
23 om depth. Above and beneath the ash layer, is organic peat.
Between the surface and 17 cm, the peat contains more silt than
elsewhere. Nine samples wére collected in sampling bags at

intervals of about 5 cm to the base of the active layer (about
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32 cm). White River ash is the only parameter available for

estimating the chronology of this short profile..

5.3.2 Result of Pollen Aﬁalxsis

The relative pollen frequency of this profile, based upon
a sum excluding spores, is presented in figure 5.12. Numerical
procedures suggest a zone boundary at 17 cm which divides the
profile into two 2zones (Fig. 5.13). The'taxa used in this

approach are Picea, Alnus, Betula, Salix, Rosaceae, Juniperus,

Ericaceae,'Gramineae, and Cyperaceaé because . o0f their
relativelf frequent occurrence. From the profile base to 17
cm, the Picea value varies from 27.1% to 38.8%. Pinus pollen
occasionally occurs‘ih the two bottom samples with values of
D.6% agd 2.8%. Populus values.range.from 0.8 to 1.4%. Alnus
pollen freqﬁenciés vary between 4.5% and 8.1%. Betula
percentages are consistentl]ly around 11-16%. Salix pollen
percentages range between 0.3% and 2.8%. Rosaceae range f;om
0.0 to 1.9%. Juniperus varies from absent to 1.9%. Gramineae
range from 0.8% to 8.3%,. Cypgraceae .values are consistently

higher than 30%, varying from 31% to 41.7%. Other taxa are less

important with percentages less than or around 1% when present.

From the level of 17 cm to the surface, the relative

pollen spectra show a dlfferent pattern. Picea percentages are

lower than before, varying from 16.4% to 21.4%. Pinus pollen

occurs again after an absence in four samples and varies in
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" value between 0.5% to 2.6%. Populus disappears completely from
_the diagram. Alnus changes very little, very{eg'from-4;6% to
9.1%. Betula values are signiﬁicantiy increased, from g?t to
53.7%. Ericéceée rénQE'bétween from‘3.5% to i?.si,‘except at
the 16 cm level where it isg absenti Gramineae are very well
represented in the two bottom samples with values. around 11%.
At higher_levels, the percentage drops to 4-8%. Cyperaceae
compensate for the increased Betula values by decreasieg fo‘
.« 7.6-11.2%. 6;Her taxa are not well represented. .
5.3.3 Numerical Analysis

Analysis of the same data set 'as used in nemerical
zonatioﬁ procedures combined with modern surficial samples‘with
PCA (Fig. 5.14a and 5.14b) shows that Betula and Ericaceae have
high negative loadings on the firet.§CA axis which accounts”for
24.4% of the total variation, while Gramineae and Juniperus
have relatively high poeitive loadings. The second axis, which

accounts for 21.4% of the tetal variation, is highly loaded

negatively by Picea and Salix and positively by Cyperaceae ‘and

.

Alnus. The third axis, accountxng for about 17.4% of the total
covariance, has high negative 10ad1ng§ for Rosaceae, Juniperus,
and Alggg..These three axes account for more than 63% of total
informetion. Interpretatioe of principal component scores of
all samples on these three axes will cqver most of the

information available from the data set. Sample scores on the

first axis are very distinctive. All samples.frdm zone 1 have



" 149

Y@8x) YSOIUTYORW OTPPIH ‘z-MX @1Tyoad ‘saxe y¥dd

(ETOT3I9A) pPUODSS pue (TeIUOZTIOY) ISITF 9Y3 UO

svavwradiy
aswauIIRI)

SBIEOLIT

sntadiung

- a@waoesoy
X1es

w[njeg

snuyy

waolg

_ITN OO0

0

exey po3oaTas JO sburpeor jusuodwos Tedtoutrig eyTs 2anbTa

S
1o o u
1 t
l.o ”
o
]
o
-
. LS ¥
(7]
]
e &
w -
]
o .
ro 3] 0 10 op 1ro- zo- so- rob® go-’
1 1 L 1 1 f=1 L ] 1 L J
a
-2
o ’
ge Ge »
ge
o
w
e
- -
-
o
ge -]
- -

(2-#X) "L "X ¥ITYO HSOINDIOVA T1AAIN-



150

3}99ID YSOUTORW STPDPTW ‘Sex® vDd JSATI 3ISITF sYy3 uo
sa1dwes z-mx a7TIoxd Jo saaoos jusuodwod Jedrourad gqpT'§ 2anbIJg

oz 0l $1 ﬂwl

13NOZ N3TIOd

N

A

,\lq

o

i
oo%.mw
w 2 2 8 B 8
'.Q!l'lllttllll'llll'll!.'llll'lll

~ | N

>
< SN
>

2ANOZ NATI0d w m

-

400¢v q Jom.(
S

o

& - ¥ 5

(-MX) "L ‘A MITIO HSOINIIOVH T TAUIN

L I



151
{

positive scores while all those from zone 2 have negative
scores. This pattern is probably'related to the high negative
loadings of Betula and Ericaceae, which are’most abandant “ in
zoﬁe 2. Samples on the second axis only have positive scores
(samples from a modern forest vegetation4landf6rm unit havé
negative scores in thiémépplication), which is related, to the
high percentage of .Cyperaceae in zone 1 and low‘percentgge of
Picea in zone 2.‘The thixd axis is difficult to interpret due
to fluctuating sample scores which may suggest a complex

i

relationship between ‘these taxa. .ot

Simultaneous representation of both taxa vectors and
sampie vectors on the first and second PCB axes plane (Fig.
5.15) illustrates the relationship etyéen taxa and samples
more directly.'This plane extracts about 88.7% of.the vafiatiOn
in the data set measured by criterion Cz (see appendix E) as
defined by Gorden (1982f. It is cléar that Picea, Betula,
Cyperaceae, and Gramineae are the.four most important taxa in:

the data set, as suggested by the length of their vectors

respectively. Alnus, Ericaceae, and Salix are the second group

havihg relatively'importént representation. The relationships
between each pai% of taxa alsé shoﬁ some patterns. Gramineae
) L]

has a positive correlation with Cyperaceée, and Picea has a

positive correlation with Salix. Betula and Juniperus are also

'positively correlated. These three pairs, however, are
negatively cprrelated to each other, thus, are complementary.

The pattern of sample vectors is also distinctive. All samples

]
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from zone 1 are similar to those from a modern wet-meadow
vegegation~iandform unit, which explains the high percgntages
..0f Cyperaceae in the pollen spectrum. Samples_fromfzoné.z
overlap those from a modern shrub-tundra vegetation-landform
unit. This is due to the high percentages of Betulé and .

Ericaceae in the ‘data setj

Results of CA lllustrate a broadly similar pattérn to -
: ‘-

those from'PCB'(Fig._s.lG). The firsf and second' CA axes
account for about 68.1% of total variation in the datg set:
Sambles of zone 1 are more closely located in £hi§
multidimensional space to Rosaceae and Juni erus, which is a
‘reflection of the more frequent occurrence of these two taxa in
zone ll Other feétures are the same as those givén by Pcé; ﬁy a
45; rotation 6f the akes, the first axis seems té represent the
densify'of the vegetation cover and the second axis represents
the Juﬁsture condition of the local area in tefms of_the.
'behaviohg of this taxa in surficial samples (Fig. 5.17).
Similar rotation can also be carried oﬁt for PdB and the result
lshows a simllar pattern. Interprétatioh of thisvrﬁtaéion for

the first and second axes in CA will be' discussed in the next

-section.

5.3.4 Interpretation of Paleocenvironment '
; ' . .

Pplleﬁ records of this short peat profile provide evidence
. f . \ . B . :
of local .environmental ‘varjation during the last i?QBO years.

i
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-

.-At the early stage of landform and vegetation evolution, as
represented by site-pollen-zone 1, the section site and
vicinity were probaﬁly mesic or very poorly'Qrained wetland on
which a wet community was developed -(as 1ndicate% by very high
Cyperaceae percentage); Similarity‘of the ordination betweeq
zone.l samples and thoéedfrom :‘Fﬁaérn wet-meadow végetation—
landform‘ynit in PCB and CA support thié interpretation (Flg.
5.;5 and 5.16). Projection of thelordination of zone 1 samples
on the second rotated CA axis also indicates the wet nature of
the area during the zone 1 time‘interval (Fig. 5.17). High
pérceﬁtage of Cyperaceae ppllen.Was‘often‘observed in northern
enéironments and such pollen spectra can be obtained from
modern wet meadow samples (refer to chapter 4). A high
pe;centage of spruce pollen (up to 38.8%) indicates that spruce
trees were common in the area. As Picea is a prolific pollen
producer, even a sparsé distribution of Picea in a fairly open
environment may causéla very ‘high percentage in the pollen
spectra, especially if local taxa can only produce a small
guantity of pollen. Although Betula is usually overrepresented
in pollen spectra, it can also be proportlionally representative
(R{tchie, 1974) where abundant local types existed (e.g.
Cype;aceae;or S8alix). Considerable pefcentages of Betula in the
zone (around 10-20%),2doubt1ess indicate the presence of'birch;
in the vicinity. However, high percentages of Cypezaceae‘
suggest mesic or poor dralnage conditions existéd in the low

land area such as the sectlon site, which were possibly too wet
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‘forjfhe shrub birch to colonize. Low percentages of Salix,
Rosaceae, and Juniperus pollen reflect the fact that these
shrubby taxa only occasionally occurred in this stage in the.

area. Therefore, during this stage.a wet meadow or wet tundra ..

community existed on the section site and lowland area in ¥kg..iTW
vallgy within a sparse forest-tundra environment in géneraigf;
Shrubs dominated by birch covered the‘modefately drained grounéﬁa
surface.

Alﬁdésible change of environmental or drainage conaifions
around the section site is suggested by the pbllen spectraqat
the beginning of zone 2. Since then, environmental conditions
at the Eite have remained stable. A ;onsiderable decrease of
Plcea pollen to about 20-25% and a graduai decrease of
Cyperaceae values are compensated for by a sharp increase of
Betula and Ericaceae pollen. This pattern of pollen zone 2 can

'"be interpreted by two controversial hypotheses: 1) Zone 2
represents a time intgéval during~which spruce trées were
dramatii:‘ally reduced and the vegetation opene'd up from the
beginning of the zone; 2) There was a change in the drainage or
ﬁoisture conditions at the section site and vicinity while the
spruce distribution in the generél area varied little. Under
the first hypothesis, the decrease of spruce pollen pioduction_
is the most important factor dominating the geheral pattern of
the pollen spectra. Possible reasons for a low productivity of

‘Picea pollen include the reduction of spruce trees in the

-
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vegetation cover and/oxr ecologically unfavorable conditlons for
pollinaticn. Fire, -for example, can destroy the tall canocy of
spruce.and cause a dramatic decrease of spruce pcllen
percentage in the pollen spectra. A considerable percentage of
" Epilobium occurred in the bottom eample of the zone
corresponding with the-decrease of spruce pollen percentage.
Although Epilobium is often considered a ploneer after fires
(White, 1974), it 1s not 1ike1y that the decrease of spruce
pollen percentage was caused by fire since no charcoal has been
-observed in the sedlments or in the fleld Picea values .in zone.
2 are quite conslstent and provide no evidence of reforestatlion
which often happens after fires (Payette and Gagnon, 1985). On
the other hand, unfavorable climatic conditions may cause a
change of E;gga ‘pollen productlon without obviously changing
spruce tree distribution in the vegetation (Wang and Geurts,
1987a; Wang, 1988a). Under the severe continental climatic
conditioc of the southwest Yukon Territory, warmer and drier

climate may suppress Ehe pollen productivity of ‘Picea glauca

If this is the case, the warm and dry climate has lasted in the

region since the beginning oﬁ zone 2. This interpretation,
however, - - is in conflict with ;hé regiconal stﬁdy—for the Little
'\.: L .

Ice Age (Denton and,Karlén,11973; Wang and Geurts, 1987a).
\ .
Under the sgcond hypothesls, geomorphological processes
. during landform development are the primary agents for builﬁinq

the pollen sequence of zone 2, The present palsa field could
. - R

-
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have been developed at the beginning of zone 2 possibly during
the Little Ice Age. Growth of the palsa field changed the
drainage pattern at the section site which is now favorable for
Betula. Alternatively, the drainage pattern at th§ sectioﬁ area
could have been modified somewhat by the accumulafion of zone 1
sediments. Both PCB and CA results show a perfect oﬁerlap of
zone 2 samples with those of a modern Betula-dominated shrub-
tundra vegeﬁation—landform unit (Fig. 5.15 and 5.16}, which
suggests-é shrub-tundra vegetation cover occurred-during the
zone 2 time interﬁgl. Projection of samples on the second
rotated CA axis clearly indicates a change of moisture
condition during zone 2 time interval. Betula groves spread out
over the area where coﬁditibns were previously too wet for the
growth of birch. Since Betula is a prolific pollen producer,
substitution of Betula for Cyperaceae in a relativély'flat loﬁ
altLtudeAarea could seriously change‘the structure ,0f local
pallen'rain. Up to 60% of coﬁsistent representation of Betula
in the pollen spe;t?a of zonefz with an increment of about 35-°
40% from the zone 1 spectra reflects this change. The
simultaneous decreases of the Cyperaceae portion im the pollen
éggctra favors this interpretation. The decrease of Picea
poilen percentage in this 2zone can be, at leaét, partly caused
By the extensive reéresentatioﬁ of Betula pollen in the pollen

. sum which would suppfess the Picea pollen percentgges.
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The extensive occurrence of Ericaceae in the top three
sampleg could be an 1ndicatién of the disturbancelof the area
which:1s a common procés§ in north environments. The Alnus
pollen representation in this short section remains cgzsistent
ﬁrqm the bottom to the top. It is expected here that alder has
Erobably been stable, though VEry sparsely distributed, in the
area ét least since the beginning of this seguence {LI e.
around 1,230 yr BP). Selected pollen ratlios, as lllustraéedlin
figure 5.18, indicate "the relationship between treé,;maﬁdi
'shrub_and hexrbaceous pbllen. High Picea ‘vs Betula aﬁd lﬁw
Betula vs herbs ratios as well a%/the modeiate vang of tﬁe
Picea vs herbs ;atio in zone 1 indicate that Betula was not a

major component in the vegetation during thewfirst stage.
'Herbaceous'téxa, mainlleyperaceae, were major components of
past vegetation at the secfion site and vicinity. Considerling

the high pollen production of Picea, the value of Plcea vs

herbs ratio around 1.0 corresponds with pollen percentage
diagrams suggesting a forest-tundra envirénmen}\in the aiea
dufing the first stage. A completely dgfférent béttern of
certain ratios in zone 2 reveals thg change of yegetation
structure dufing the second stage. The very low Picea gg Betula
ratio (<1.0) and the very high Betula vs herbs ratio indicate
the extensive rise of Betula in the local vegetation. In
contrast, the Picea Qg herbs ratio shows—l}ttle diffegence.
This péttérn_suggests,that the'pollen_cdmpOSItion at thig site

was strongly influenced by Betula pollen production, yhiéh is

o
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controlled by local development of ﬁrainage condition and
landform e:g}yxion related to the growth- of ‘a palsa field in
the .area. Previghs 1nvestigation in Northwest Territories
(Savoie et Gangl ff, 1980) indicates that the growte of palsas
' can_be accompanied by an 1ncrease in Gramineae aﬁd some'shrues,
such as-ﬂg;g;gfand 5§1£;, compensatin§ for the decrease in
Cyperaceae. The present interpretation of the zone 2 pollen

spectra is in agreement with this postulation. The simultaneous

increases of Picea vs Cyperaceae and Betula vs Cyperaceae

ratios and decrease of Q;cea VS Eetufe ratio in the top two
samples is a reflectign of the low representation of Cyperaceae
pollen which compensates for the rise of Ericaceae pollen in

these two samples. o ' .

5.3.5 Summary and Conclusion

Pollen records of profile Xw-2 from the .middle of

Mackintosh Creek represent two developﬁental stages of
paleovegetation and environmental conditions durinévthe last
1,230 years. During the first stage, as represented by pollen
zone 1, the section site and vicinity were mesic or pooxly
drained, which is an unfavorable habitat for Betula, while wet
meadow or wet tundra developed in the lowland area within a
background forest-tundra environment. During the second stage,
represented by“pollen zone 2, the drainage condition was
improved by t?e process of landform evolution related to the

growth of a palsa field. Thls improvement provided a faverable

4



habitat foi shrub Dense Egtgla“shrub-tuédia was
developed around the section site and vicinity with a forest-
tundra béckground.-ﬂigh prodpction of getula‘pollen-shppreésed
the representation of Plicea pollen which accounts for thel
decrease bf spruce in the pollen spectra. Thege results are in
agreemenf with modern pollen‘records ffom the'cdppermine
Valley, Northwest Terri;ory (Geurts, 1983) and surficial |
palynological anéstigations in the study area (Chapter 4;
Wang, 1988c), whigh suggests that the variation of pollen
spectra is not exclﬁsively.related to climaﬁic chande or
vegetation succession -but dlso, to the process of landform

evolution. * .

5.4 Upper Mackintoeosh Creek (XW-3)

5.4.1l§L§g Description

The-study area lies in the northeastern ggrner-of Aishihik
Basin QBostock, 1948) termed the Aishihik Lowlaéd by Hughes
(manusq;ipt). The éore site (61°45'53" N Lat., 137°14'40" W
Long.) is in the bagin'of-a short tributary of Mackintosh Creek

near a kettle lake in a low lying area between the lakf and a
hill to the west (Fig. 5.2). The tributary drains northwhkrd
about 3 km to join the main Mackintosh Creek, which also drains
northward at present. The profile was ﬁored from the flat

bottom of the tributary at 1,060 m.é.s.l. At the east side of

the kettle lake, a bedrock hill separates the tributary from

163 .
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the main Mackintosh Creek. The surficlial deposits in the area
are glacial -drift. The bedrock around the area, was recognized

as Precambrlan and/or.Paleozoic amphibolite (Tempelman-Kluit,

1974}.

5.4.2 present Vegetation

The wet meadow vegetatioh at the core site is dominated by

-

Cyperaceae, which constitutes as much as B85% of ground cover.

" potentilla fruticosa and etula qlandulosa each make up about‘

5% respectively. Salix glauca, Arctostaphylos sp., and‘
L] '

Compositae are pfeSent but less important. Within this

vegeEation cover, Betula glan&ulosa and Salix glauca stands are

scattered over the flat area. Northward from the core site,rtﬁéﬁ‘”“_j“””

vegetation changes into a ggllx glauca-dominated community,
while southward it becomes a Betula glandulosa-dominated
community. About 500 m westward, a spruce forest tundra
occupiés a-southeést- facing slope. Approximately the same
distance eastward, across the kettle lake, a small hill is also
occupied by spruce forest tundra.

L

5.4.3 Stratiqraphy and Methods

The profile of Upper Mackintosh Creek core (XW-3)} has:a
depth of 107 cm with a relatively homogeneous sediment contgnt.
Peat is found from the surface tg 7;5 cm while from 7.5 to 15
cm depth a conspicuous layer of the White River ash occurs.

Peat underlies the ash to 93 cm. From 93 to 102 cm the
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sediments are lacustrine gyttja. At 102 cm the gyttja”is

underlain by fine sands.

5.4,4 *4C Dates and Chronology

Five samples were submitted for radigcarbon dating in
-order to establish the chronological sequence of the brofile.
The results are listed in table 5.2. ALl samples were collected
from the same core on which fhe'pollen diagrams were baséd. The.
dates listed here were not préviously cited, except for UQ-1373

which was referred to before (Geurts_et gl.,.1987).

one dr both of the last two datps at lower part of the

sequence may\be spurious and need to ke considered carefully.

med that either: 1), UQ-1310 (9,500 +/- 200 yr

BP) is a r égg;ble'aate and UQ-1373 410,300 +/- 150 yr BP) is

the result %f redeposition; or; 2), \YQ-1373 is reasonable and

UQ-1310 is gpurious, or; 3), both dates are not acceptable.

Sample UQ-1310 has a wider correRtion range (+/- 200 year)

which implies t this date has )Yess precision than the other

dates. However, } e ado is date, the sedimentation rate
between iﬂterva1.63.5 and 89.7=c£ will be unnaturally high.
These facts togeFHer could lead to the rejection of assumption
1. On the other hand, a date of 9,900 +/- 11Qryr BP (TO-185)
from lacustfine gyttja in an area very close to thelxw—B core
site has been reported and interpreted as the first organic

sedimentation in the area after the last deglaciation (Beaudet,
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1986). This date is comparable to beth UQ-1373 anb uQ-1310,
Iimplying that at least one of these two dates is écceptable and
making assumption 3 -unlikely. In comparison of the nature of
thesq two problemééie samples and in considgration of area

 correlation, aésumption 2 seems most acceptable. =7

t
*

The iﬁterpretation of such‘a séquence thus excludes the
redeposition of o0ld sediments. It is unlikely that the
revérsion is caused by samplé coﬁtamination during the saﬁble
collection, tranSportatiqﬁ, storage, and pretreatment in the
1abo§atory since great care was taken. Aithough the sediments
are'fafrly decomposed ahd'humified, and obvious evidence of
younger roots was found, the possibility df root system
contaminétion c%nnot be eliminated. On the other hand, spurious
dates in a core from St. Paul in the Pribilof Islands
(Colinvaux,-lBG?é) were explained by groundwater Eontamination.
Although the_perennially frozen condition of the samples would
restrict modern groundwater contamination, the very high
permeability of. peat in the profile leaves the possibility of

contamination before permafrost was formed in the area.

It is also noted that date UQ-1313 is probably -too young
to be acceptable since by linear extrapolation between this
date and the White River ash the sedimentation' rate in this
interval would be unnaturally high leading to an extraordinary
increase in the pollen accumulation rate. Howéver, in the Upper

Nisling Valley, the pollen accumulation rate of profile Xw-1



Table 5.2 2**C dates of profile XW-3
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Lab Number Depth Interval 14C Date Material
"7.5-15.0 cm 1230 yr apf ash
UQ-1313 *  35.5-38.0 cm 2800 +/- 100 yr BP  peat
UQg-1324 49.0-54.0 £m 7550 +/- 100 yr BP peat
UQ-1311 61.0—66: cm 9250 +/- 100 yr BP - peat
UQ-1373 79.0-86.5°¢m i0300 +/- 150 yr BP peat
UQ-1310 * 86.5-93.0 c

9500 +/- EEE;XL,QR\\ peat
- AN

* Not used for calculating

edimentati rates
“‘.
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woﬁld be extremeiy low in a similar time’ interval if date UQ-
1266 were adopted. Such a conflict of *+C dates in this
rélatively small area makes it difficult to apply the absolute
pollen accumulation rate. A second order polynomial regression
‘technique was adopted to produce a best fitting curve with a
data set excluding dates UQ-2624 and UQ-1310. White River ash
was considered as a date control (1,230 yr BP) and the
assumption that the top of the profile equals 0 yr BP was
adopted. Such an analyslis produces a multiple R’ of 0 9781 for
the goodness of fit. The age of samples and the seédimentation
rates were extrapolated or calculated using the regression
equation, which ‘was used to determine the pollen accumulation

rates (Fig. 5.19).

5.4.5 Rglﬂ&i!ﬁ Pollen Frequency

The results of pollen analysis for 39 samples“{; this
pfofile are represepted as a relative pollen frequency diagram
(Fig. 5.20) and‘an absolute pollen accumulation rate diagram
(Fig. 5.21). Numerical 2zonation procedures employed here to
zone the relative pollen frequency diagram are programs éf
CONZONE, ZONATION, and CONISS. Dendrograms of different
procedures are illustrated in figure 5.22. Taxa in the entranée
data set include Picea, Alnus, Betula, Salix, Rosaceae,
Juniperus, Ericaceae, Gramineae, Cyperaceae, Myriophyllum,

Lycopodium, Dryopteris, and Eguisetum. Final definition of zone

1
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boundaries are determined empirically, alded by the results of

numerical analysis.

POLLEN ZONE 1 (91.0 - 107.0 cm): Pollen zone 1 «is
dominated by herbaceous taxa, which is generally more than 72%‘
of the total pollen. Cypepaceae predominates with values
rangling from 52.9% to 74.3%, around 70% in most cases.
Gramineae percentages vary from 7.3% to 13.4%. Other 1mpo;tant
taxa occurring with values more th;n 1% are Myriophyllum,
Lycopodium, Drgogtetis, and Equisetum. Shrub percentages are
less than 27%, around 20% on average. getﬁia.is thé most
important shrub within this zone with values between 3.2% andg
10.6%, 7.4% on averaée. Rosaceae 1s another element which

produces a continuous percentage curve, with values between 1%

and 4.7% except for 10% in one sample. Alnus percentages are

from zero to 2.7%, around 2% in most cases. Tree pollen 1is
almost absent from this zone.

POLLEN ZONE 2 (60.0 - 91.0 cm): In comparison with pollen
zone 1, Cyperaceae is still a dominant element in the polien
spectra with values varying from 42% to 76%. Gramineae values

vary from 4.7% to 20%. Myriophyllum is absent. Lycopodium,

Drvopteris, and Equisetum percentages fluctuate with low values
around 2%. Total herbaceous taxa make up about 70% on average.

Arboreal pollen increased in comparison with that in zone 1.

Betula_ is the most significant shrub component with values
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between 6% and 22%, 13.4% on average. Alnus, Salix, Rosaceae
and anigg;gg show continuous curves with values around 2% to
5% respectively. In total, shrub pollen varies from 11% to
37%, 26% on Everage. Trees start to have their pollen records

-

in this zone. Picea pollen values vary from 0.8% to 9.5%.

. POLLEN ZONE 3 (54.0 - 60.0 cm): Pollen records of this
,zone are transitional. Pilcea values are 19% and 29%. Pinus has
one occurrence in two-samples of this zone with a value less
than 1%. Betula percentages have an obvious increaée from less
thaﬁ’IO% in several imﬁediately neighboring sampies to 14% and
16%. Salix and Juniperus values are around 3$, and 'Rosaceae
have values about 4.5%. Cyperaceae percentages have obviously

decreased, from more than 50% in upper zone 2 to 36% and 33% in

this zone. Gramineae percentages are 11% and 6%. Lycopodjum,-

Dryopteris, and Sphagnum values are about 2% where present.
gguisetum values fluctuate widely, fiom 12.7§ to 4%. Other taxa
are not significantly present. In summary, tree pollen values
in this zoné are about 24%, Shrublpollen values about 28%, and

herbacecus pollen values 48%.

POLLEN ZONE 4 (0.0 - 54.0 cm): The iower boundary of zone
.4 is defined by the occurrence of a climax of tree and shrub
pollen percentages, and this zone is characteriéed by the
constant domination of tree pollen, Qith values of 26% to

64.5%, 42% on average. Picea has relatively constant values
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Earound 40%, varying from 31% to 64%, decreasing abpve the ash
layer to 22-26.5%. Pinus does not form a gignifieant
continuous curve, and only a few small peaks witﬂ_values of
about 1% occur within the 1lower pért of the zone. Pinus,

however, occurs continuously at 1.6% to 5% from 17.5 cm to the
top of the seétion; Shrubs have similar proportions to those in
zone 3 and upper zone 2 with values of 12.4% to 36.9%. %?e
dominant shrub is still Betula, which varies from 3.6% to

21.7%, more than 12% ih most cases. Alnus shows ah increase at

the base of the zone and varies from 0.4% to 9%. Other

relatively abundant shrubs are Salix, Rosaceae, Juniperus, and

Ericaceae, varying around 1-2% where present.. Ericaceée, h;ving
its most significant occur;ence in this part of the whole
profile, varies from absent up to 15%. Herbaceous taxa
contribute much less to the pollen spectra. Cyperaceae have

decreased to wvalues 11.7% and 43.8%. Gramineae have

also decreased notably, rom 1.3% to 13% though around

3-5% in most cases. and Sphagqnum have more

significant contributions in e spectra with values of 3% and

1.5%.

.2.4.6 Absclute Pollen Accumulation Rate

The absolute pollen accumulation rate was determined using

4

the standard exotic marker method (Maher, 1972) and the diagram
is zoned using the relative pollen frequency diagram. It is a

~common feature that pollen accumulation rate and polien

- -
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" concentration obtained from peat deposits in the study area are
less than those obtained from lacustrine gyttja in the study
. area. An hypothesis to explain this phenomenon is that tﬁe
lacustrine environment has a larger accumulation area and
recejives pollen.f:om the air and rainfall'runoff. However, peat
bogs mainly receive pocllen from the air and bog-forming taxa in
situ. This hypothesis will be. re-examined later with the

comparison of pollen records from lacustrine sediments.

ZONE 1: The ﬁotal pollen concentrafion of zone 1 varies
from 0.2 X 10* to 7.8 X 10* grains /cm®. The total pollen
accumulation rate varies from 0.3-6.2 X 10= grains/cmzfyr,‘
mainly Cyperaceae (21 to 465 grains/em?/yr, 220 graiﬁs/cm’/yr
on average) and Gramineae (3 to 57 grains/em®*/yr, 32
grains/cm®/yr on average), which tend to increase from the
bottom to the top of thé zone. Myriophyllum varies from absent
at the bottom to 20 grains/cm’/yr at the top (9 grains/cm3/yr
on average). Betula is the best represented shrub ranging from
3 to 41 grains/cm?/yr. Rosaceae values range from absgpt to 34
grains/cm?/yr. Other taxa are much less important, generally

represented by a few grains when present,.

ZONE 2: Both total pollen concentration and accumulation
rates are moderately larger than values in zone 1. The total
pollen concentration wvaries from 1.2 X 10* to 6.7 X 10+

grains/cm®. The total pbllen accumulation rate "is between 1.1 X
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102 and 5.8 X 102 grains/cm?/yr. The most important taxa in
this zone'aré still Cyperaceae (77 to 413 grains/cm*/yr) and
Gramineae (16 to 70 grains/cm?*/yr). Other herbaceous taxa are
'still not well represented. Shrub taxa show an obvious increase
in pollen accumulation rate in,general except for an unexpected
decrease in the topmost part of the 2zone. Alnus values vary
from absent to 45 gra;ns/cmzlyr. Betula is the best represented
shrub in this .zone and garies from 11 to 104 grains/cm2/yr; 40

grains/cm®*/yr on average. Salix values are very low in most

samples, usually a few grains. Rosaceae values are about 20
grains on average in the lower part of the zone but decrease to

about 5 grains in the upper part. Picea is first registered at

the bottom of the zone with about 3 graln/cm2?/yr, and gradually.
increases upward to ca. 32 grains/cm?/yr. Other taxa, however,

are far from significantly represented.

ZONE 3: Total pollen concentration in zone 3 is about 3.2~
3.9 X 104 grains/cm®, and total pollen accumulation rate is

250-290 grains/cm3/yr. Picea values are 47 to 85 grains/cm?*/yr,

and Betula values are 35-46 grains/cm?/yr. Only a few grains of
Salix, Rosaceae, Juniperus, and Ericaceae are.present.
Cyperaceae values are approximately 90-97 grains/ecm?*/yr, while

Gramineae values are 18-28 grains/cm?®*/yr.

ZONE 4: The most dominant taxa in zone 4 are Picea and

Cyperaceae. Picea values vary from 110 to 474 grains/cm’)yr,
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ca. 200 grains/cm2/yr on é?erage. getuia is still a dominant
shxub in this zone with values from 10 to 110 grains/cm2/yr,
ca. 80 gréins/cm’/yr on average. Alnus is better represented
than before with values betweeg 5 and 66 grains/cm%?/yr.
Cyperaceae values vary froml53 to 384 grains/cm*/yr, ca. 160
grains/cm2/yr on average. Gramineae values range from 5 to 70
grains/cm®*/yr, ca. 15-30 grains/cm?*/yr in most.- cases. Other
taxa are much less Significantly represented (only a few grains
where present). The total ﬂ%llen concentration values range

from 4 X 10* to 14 X 10* grains/cm®. The total pollen

accumulation rates vary from 240 te 900 grains/cmz/yr.

5.4.7 Numerical Analysis
The results of PCA (Fig. 5.23a and 23b) show that the
first principal component axis, accounting for 32% of the total

covariance of the data set, is loaded by Cyperaceae,

Lycopodium, Dryopteris, Rosaceae, Juniperus, and Myriophyllum
with a negative wvalue near to or less than -0.3. On its

positive side, however, only Picea loading is greater than 0.3.

This pattern is reflected quite well by the principal component
scores of samples on this axis. Samples from zones 1 to 3 all
have negative scores whi{; those from zone 4 have positive
values. This feature indicates the dominance of low shrubs,
hexrbs, and pteridophytes in zones 1 to 3 and the high
percentage of Picea in zone 4. Component loadings of téxa on

the second axis, which account for'13% of the total covariance,

.o
WEFE
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are shared by high positive values of Alpus and Betula and high
negative values of Picea, Equisetum, and Salix. This loading
pattezrn éxplains the high poéitive scores of samples in the

lower part of zone 2 which refer to a peak of Betula and Alnus

pergentages; Modefaté scores of samples in zone .1 reflect the
complex relationship betweén‘those taxa. In comparison with the
first two axes, the third principal component axis, which
accounts for 10.6% of the tofal variation of the data, is more

difficult to interpret. Salix and Ericaceae h;be-high positive

loadings on this axis, while Gramineae and Cyperaceae have high
neéative values. The fluctuation of fample scores on this axis
mirrors the variation of the relation between these four taxa.
The fourth axis accounts for 8.9% of the total information in
the .ata set. Taxa with'high positive'ioadings are Betula and
Gramineae, while Salix, Roéaceae, and Juniperus have high
negative loadings. Samples fiom zones 3 and 4 produce negative
" principal component scores which are relaéed to the low
percentages of Gramineae in these samples. Fluctvating scores
of samples in the lower part of the profile vary in accordance
tb the variation of the percentage values of Salix and
Graminede. -The f£ifth axis, accounéing for 7.8%:3ﬁ the total

covariance, shows the relationships between Alnus and Gramineae

(which have hf@h‘negative loadings) and Betula and Myriophyllum
(which have high positive loadings). High positive component

scores of the samples in zone 1 reflect the consistent

océurrence of szinnhxlfhm/fﬂ the pollen spectra. The negative
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scores of zone 2 samples, however,-ére”relﬁted to the high
percgntage of Gramineae and alngg. Positive sﬁoxes of samﬁles
from zone 3 and the base of zone ‘4 are more likely related'to
the Betula values. These five axés contain more_thén 72.2% of
the total varlation of the data set, and little information

will be lost in discarding the other axes.

Results of PCB are summarized by the first and second axes

plane in flgure 5.24. This presentation accounts for 90.3% of'

the total variation of the data set;'measured by criterion Cz
(Appendix.E) as definmed by Gordon (1982). Clearly, Ricea,
Betula, and Cyperaceae are three major taxa in the data set as
reflected by the lengths of their respective vectors. The

relations between these three taxa are complementary, or in

another words are in negative correlation. Gramineae,
Equisetum, anﬁ Ericaceae are the second group which have high
vector values; In terms of the sample ordlinations, samples of
zone 1 and zone 2 all plot on the positive side oﬁ thé first
PCB axis with a small area of overlap. This distribution
accounts for the higﬂ values of Cyperaceae, Gramineae, and low
shrubs. Samples of zone 3 and zone 4 overlap significantly, and
approach sample clusters of modern forest, forest-tundra, and
wet-meadow. This feature 1is basically related to the moderéte
values of shrubs and the high value of Picea in the polien

spectra. : _ ~

g
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As illustrated in figure 5.25, presentation'of the firsF
two CA axes accounts for 61.5% of the-total information. Itlis
better illustrated by CA than ?CB that the cluster of zone 1
samples is mainly related to the Myriophyllum vector. Zone 2
samples afe primarily related to Cypgrateae, Rosaceae,
Jupniperus, Lycopodium, and Dryopterjs. These taxa all have
their best representation in zone 1 and zone 2. The
relationship between zone 3-4 samples and Picea-Salix-Alnus are
also better illustrated. The overlap of some zone 4 sampies
with those of modern forest and foreétrtundra vegetation-
landform units suggests the great resemblaﬁgg between
vegetation in modern forest to forest-tundra environment and
that during zone 4 tiée interval. Other interesting information
may be extracted by a 45° rotation of the first two axes. The

new axes may represent the vegetation density.and moisture

gradient, respectively (Fig.5.26).

5.4.8 Reconstruction of Palecenvironment

The reconstruction of paleovegetation and paleoclimate
requiresiinterpretation of tne pollen dilagrams (Fig.75.20,
5.21), selected pollen ratios (Fig. 5.27), and-the information
deduced from the numerical analysis. Contemporary pollen-
vegetation relations in the area (see chapter 4) provide modern
analogues for the interpretation. The chronology of the events
is based upon the interpretation of radio-carbon dates vs.

sediment depth with certain modifications (section 5.4.3). .
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POLLEN ZONE 1 (91.0 - 107.0 cm): Both relative frequency
and absolute accumulation rate diagrams suggest that pollen
zone 1 represents a time interval during which the landscape
around the core site.was probably.gccupied by a sedge-~moss
tundra or fell-field. Davis (1969) has discovered that pollen

.,influx values are extremely low in.tundra regions. Extremely
low total pollen influx values of the two bottoh samples thus
reflect very sparse vegetation cover following the last local
deglaciafion. Tﬁe ﬁigh Betula percentege in th? last sample is
artificial because of the discrepancy with influx value. Zone
one in the spectrum is basically similgr to well kﬁoﬁn surface
pollen spectra from alpine, subarctic, and arctic regions that
"have a dominant representatioﬁ of Gramineae and Cyperaceae
{Rampton, 1971; Ritchie and Lichti-Federovich, 1967; andrews et
al., 1979; Jacobs et al., 19;5). The fossil vegetation,
however, can never be matched exactly by modern examples
(Livingbtnne,lléssj. Palynosfratigraphic records of herbaceous
zones characterized by aq‘abundance of Gramineae and Cyperaceae
have been reported in the Yukon (Ritchie, 1982; Rampton, 1971)
and Alaska (Livingstone, 1955). Livingstone (1955) has
interpreted his sedge-dominated herbaceous zone as a reflectibn
of herbaceous vegetation in arctic Alaska and suggested that
"they indicate conditions under which mﬁch fresh ground was

available for colonization by herbaceous plants, presumably

‘because of a severe climate with extensive frost-scarring of

./
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the ground” (p.594). Sedge- and grass-dominated pollen zones in
the Dall - Creek érea, ﬁ%rth Yukon, have Been interpreted as
indicators of a landscape occupied by tundra vegetation
(Ritchie, 1982). In southwest Yukon, a sedge-moss tundra has
also been reconséructed from herbacecus pollen zones (Rampton,
1971). Selected pollen ratios in.this Zone are coﬁsistent with
the above interpretafion; Extremely low ratios (near zero) of
Picea/Betula and Picea/Cyperaceae reflect the absence of spruce
trees in the aiea. Since Betula is the best represented shrub -
taxon, very low values of the Betula[éyperaceae ratio may
indicate'the herbaceous taxa-dominant nature of 1local

L

vegetation during this interval.

Consistent{y represented Myriophyllum pollen in this’zone
suggests a shallow water environment existed since this taxon
is restricted to such an environment (Hulten, 1968)}. This
suggestion is confirmed by lacusfrine gyttia in the sediment
log. The diminishing of this aquatic taxon and the
transformation of gyttjalinto humified peat mark the end of
this phase at no later than about 10,000 yr BP. The presence of
gyttja deposits below the zone boundary impiies that the first
accumulation of organic materiallin the azealoccurred at least
before 10,000 yr BP which is somewhat earlier than that in the
main Mackintosh Creek (Beaudet, 1986). Th;s.discrepanty could

be the result of local environmental influence. The main

Mackintosh Creek is a wider and flatter valley with two chains
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of kettle lakes scattered along the vailey floor; and the
elevation at the Mackintosh Creek-HBl1 pollen core site is‘20 m
lower than that oflfhe XW-3 core site. Also, since profile‘HBl
was cored above the bank of an o0ld kettle lake, the sediments
were lifted for a few meters by frost heaving ané ice lensing,
which means the deposition level of the first organic deposits
was lower than that'measured today. Those features make it
probable that the main valley of Mackintosh Creek héd a thicker
ice cover during the last glaciation than in the XW-3 core
tributary. The rapid local disintegration of ice (Geurts et
al., 1987) during the last deglaciation providéd numerous
blocks of abandoned ice. (dead ice) in both locations. It is

believed that these ice bodies melted out earlier in the Xw-3

tributary.

The pollen spectra of this zone are somewh?t similar to
the surficial pollén spectra from.the wet—méadow vegetation-
landform unit in the area (see chaﬁter 4 and_figuie 4.2). The
major differences are pollen percent;ges of Picea and

Myriophyllum. High percentages of Picea pollen in the surficial

pollen spectra diagram (Fig. 4.2) reflect a forest and forest-
tundra vegetation environment in the general region. In the
diagram of profile XW-3 however, such a regional vegetation
background did not exist during the deposition of this zone.
Meanwhile, high values of Myrjiophyllum percentage provide

evidence of a lacustrine environment which is lacking_@Jr
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surficlal analogue in the present investigation. Both PCB and
CA, moreover, lndicate that zone 1 pollen spectra are not

comparable with any modern surficial spectra.

" .POLLEN ZdNE 2 (60.0-91.0 cm): The obvious increases in
shrub pollen abundance and pollen accumulation rates spggest an
increased density of vegetntion from the sparse sedge-moss
tundra or fellfield of zone 1. High representatidn of Betula,
especially in the lower part of the zone, Rosaceae, Junipe vus,
and Salix indicate that the sample site and vicinity were
nrobably occupied by a Betula-Salix shrub tundra during zone 2
time. Since §gllg pollen is often underrepresented in the
pollen spectra, its consistent occurrence at about 3% might be
considered signigicant representation, énd indicates wide
distribution throughout the area. The consistent occurrence of
Rosaceae and Juniperus pollen with values around 5% suggests_
that these two groups of shrubs were common in the area at this
time in a generally treeless open habitat. On the other hand,
Alnus was probably absent from the 'area although its value lis
about 5%. Contemporary pollen records from the stud& nrea {see
chaptér 4 and Wang, 1988c) exhibit strong over-repiesentation 
of Alnus pollen in the area. High values of sedge énd'grass
pollen reflect thé local vegetation pattern immediately around
the core site, which probably was a mesic to wet commun;ty

High wvalues and consistent occurrence of Lycopodium,

Dryopteris, and Eguxsetum spores also indicate a locally wet to



mesic Enviropment. picea pollen, however, was apparently

recorded as exotic in the pollen spectra due to long distance
- €

transportation from its source area. This vegetation pattern

probably lasted in the area until about 8,800 yr BP. Both PCB
and éA indicate that the pollen spectra of zone 2 are not
directly comparable to anylmodern;gurficial samples in the
area, implying there are no modern analogues for the

paleovegetation during the zone 2 time interval in the area.:

POLLEN ZONE 3 {(54.0-60.0 cm): This zone exhibits strong
transitional features which mark the beginning of spruce
coloﬁization in the area and change of the vegetation cover.“A
dramatic rise of spruce pollen pe;centage and decrease . of
sedges at the.base of the zone E¥F§rly indicate the change.of
vegetation. Although a thresholgfvalue of 10% spruce pollen
percentage in lacustrine gyttja sediment may not be applicable
to peat sediments, especially in such-a complex landform
environment, more than 25% spruce pollen in this zone
undbubtedly indicates the arrival of spruce in the area around
8,700-8,800 yr B.P. {(extrapolated). This result is in agreement

with that obtained from the Macklintosh Creek-HBl pollen profile

(Beaudet, 1986). The similarity of these results from two .

separate studies suggests that this event can be documented not
only in lacustrine sediments but also in peaty environments,
implying that peat sediments are as good as‘lacustriﬁe

sediments for palynostratigraphic purposes. Pollen records from
Ve

FiahiesE
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Alaska and soﬁthwest Yukon shoﬁ that Pjlcesg invaded fhé‘middle
Tanana Valley at about 9,500 yr BP (Ager, 1975; '1983), an@
gulickly spread from there eastward into southwest Yukon
Territory to the Snag area (Ager, 1975, Rampton, 1971). A’

dramatic rise in Picea pollen percentages in the Snag area by

8,700 yr BP (from nearly absent to more than 20%) has been
interpreted as the first occurrence of sprhce forest or
woodland in the area (Rampton, 1871). The arrival of spruce in
this area has been extrapolated to about 9,000 or 9,500 yr BP
(Ritchie} 1984a, discrepancy in Tab. 10 and Fig. 27, PP. 126-
127). Pollen records from the Upper Mackintosh Creek area show
fhat the spruce arrival time at both Snag and Mackintosh Creek
was about the same. In sﬁmmé;y, during this very short
- interval, and resulting from the arrival of spruce, sparse
Picea-Betula forest-tundra began its occupation of the area at‘
about 8,700-8,800 yr BP after the 1last deglaciation. As a
transitional period, this vegetation pattern was replaced by a
-dense forest-tundra ecotone at thd end of the zone 3 time which
‘dates to about 7,700 yr BP.
. ~

POLLEN ZONE 4 (0.0-54.0 cm}): Pollen zone 4 represents.an
interval from about 7,700 yr BP to the present, during which
Athe vegetation pattern in the Upper Mackintosh Creek area
stabilized. The Pjicea values at the bottom of the zone ipgdicate
the beginning of a dense spruce forest-tundra vegetation

environment near the core site, probably covering the 1local
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slopes and moderately drained kame depoglts. A consistent‘
representation of Pigcea and most taxa in the zone reflect fhe
stability of vegetation cover during this interval. High values
of Betula and-fluctﬁating though low values of Salix reveal
that Betula remained the dominant shrub during this iﬁterval as
before. Decreased values of Juniperus and Rbsaceae in the

pollen spectra are the result of competition from Picea.

Junigerug and Rosaceae require an open habitat while the high
stature and canopy of spruce‘create an unfavorable shaded
environment. A gradual increase of Alpus values at the bdttqm
of the zone might reflect thé regional rise of Alnus at 6,000
to 5,000 yr BP in northern environments (Rampton, 1971; Cwyﬁar,
1982; Ritchie;.%984a; 1984b; Ager, 1975). However, Iits low‘
value in this study cannot be compared with the high values of.
alder found in the other locations. Frequent occurrence of
Ericéceae, Polygbnacéae, and Equisetum might indicate almoist
50il condition at or near the core.sife though this may bé
related less to a. wet climate, than to the effect of local.
topography or landférm. The flat and channel-like nature of the

site might encourage molist soil conditlons even while the

climate is generally dty.

5.4.9 Summary and Conclusjon

In summary, pollen profile XwW-3 represents the late
Quaternary palecenvironmental history of the, Upper Mackintosh

Creek area. As represehted by local pollen zone 1, the
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vegetation of the afea after the last deglaciatioh to at least
10,000 yr BP was probably a sparse fellfield. Sbfﬁce was absent
from the.area and its vicinity. The core site was still a
shallow pond as-the significant occurrence of Myriophyllum
pollén wouid suggest. Extfemely low pollen ratios of Picea vs
Betula andlg;ggg vs Cyperaceae (Fig 5.27) reflect the absence
of_giggg pollen in the vegetation. Low values of Betula vs
Cyperaceae reflect the herbaceous taxa-dominant nature of the
veggfatﬂon in the area. The frequent occurrence of L Eo cdium,
Driggteris, and Equisetum suggests that a mesic condition
éxisﬁeq in the flat valley bottom near the pond. High values of
Cypeféce&e also indicate the presence of wet ground conditlons
in the area. This vegetation and climatic. regime was soon
replaced by shrub-tundra and warmer, meister conditlons at ca.
10,000 yr BP. The significant rise in Betula percenfage and
accumulation rate in the lower part of zone 2 and the abundant’
occurreénce of Salix pollen reflect this chénge. High values of
Cyperaceae and frequenf occurrence of ﬁxcogodgum and Dryopteris
indicate‘theimoist nature of the soil. A minor decrease 6£
Betula values in the upper part of zone é might reflect a small
climatic oscillation between 8,70049,800 yr BP. Slightly
increased pollen ratios of Pjcea Mi Betvla and Ejggglzg

Cyperaceae in zone 2 reflect the occurrence of exotic Picea

pollen in the profile, and the minor decrease of Betula in the
upper part of the zone. As the climate warmed again by ca.

S
8,700-8,800 yrtpp, spruce lnvaded the area (when Betula pollen
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values were back ko about 20%). This spafee forest-tundra

condition 1lasted for about 1,000 years. By about 7700 yr BP
~the vegetation in the area became stable to the present day

with a dense forest-tundra condition. High values of the Picea

vs Cyperaceae ratio reflect the arrival and dominance of spruce

in the area in the time interval of =zones 3 and 4.

5.5 Post-glacial Palecenvironmental History: Correlation and
Conclusion |

Palynological investigation in the northern-Aishihik Basin
reveals broadly comparable pollen records within this area.
These records are also broadly comparable to other parts of the
Yukon-Territory, adjacent eastern and central Alaska, and the
Northwest Territoriee. Some distinctive differencee are
believed” to be due to the differences of local environmental
conditions. Great similarity between pollen profiles inAthis
area makes correlation relatively simple (Fig. 5.28). After the
last deglaciation, the area was covered by a sedge-moss tundra
(XW-3) or herbaceous tundra (HBl) followed by a short-li?ed
Betula-Salix shrub tundra at about_lo,ooo yr'BP. Spruce arrived
in the Upper Nisling Valley (XW-1) at least- 9,000 yr BP,
reaching the Upper Mackintosh Creek area at about 8,800 yr BP
(XW-3) or 8,900 yr BP (HBl). After a shért transitional period,
spruce forest developed in the Upper Nisling Valley (XW-7) area
about'7,900 yr BP, while simultaneously, a dense spruce forest

tundra took its place in the Upper Mackintosh Creek area

3
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(around 7,700-8,000 yr BP). In the Antifreeze Pond area (Fig.
1.2), the Holocene pollen records reveai thaf a shrub tundra
vegetation was developed in the area between 10,000 yr BP and
8,710. yr BP and spréce arrived in the area at 8,700 yr. BP. As
it has been concluded that 310 age errors between gyttja and
peat are likely larger than any differeﬁces due to time-
transgressiﬁé events jRitchie, 1982), spruce invaded fhese tho
areasg;lﬁosﬁ at the same time. It.%s interesting to note that
the rise offglggg,pollen occurred somewhat later in Antifreeze

pond than in other areas. In the Upper Nisling Valley, the

obvious increase of Picea pollen occurred about 7,900 yr BP.

This is sipilar to the date of Picea increase (7,700-8,000 yr

BP) in the Upper Mackintosh Creek area. In the Upper Ngtla“
River area, this event is controlled by a *+4C date of 7,700 yr‘
BP (Macnénald, 1983). However, spruce forest established in the
Antifreeze Pond area around 5,700 yr BP (Rampton, 1971), which
is‘more th;n 2,000 years later than in the other sites. In
central Alaska, pollen'recofds of Tanana Valley show that BPicea
invaded the Tanana Valley from the northern Yukon'at about
9,500 yr BP and spread rapidly into the adjaceﬁt southwestern
Yukon Territor& {(Ager, 1975; 1933), The present stddz'indicates
.that spruce arrived in the southwestern‘Yukon Territo;y at
leést 9,000 yr BP in the Upper Nisling Valley, and about 8,700-
8,900 yr BP ih both Antifreeze Pond and Upper Mackintosh Creek

areas, probably via different migration route.

-
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A'detailed‘comparison of these sequences suggésts that
local environmental impacts on the pollen records are
imporfant. By about 4,000 yr BP an obviéus decrease of Picea
pollen percentaée in the Upper Nisling Valley is not recorded
in the other parts of the study area. This event was due to the
great representation of bog-forming taxa at the cdre site in

the Upper Nisling Valley resulting from changing localu
environmentgl conditions. Interprétation of such a pollen
record, therefore, must involve careful consideration of the
complex reléfionéhips between regional and localbpolien taxa,

especially if only percentage data are available.



P

Chapter 6

Post—glaciaf‘Pollen‘Records in the Central Aishihik Basin
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6.1 Introduction
" The central Alshihik Basin was glaciated during the late
Pleistocene. WIdesptead-organic deposits above glacial drifts
in the area enable the palynological iAVestigation of post-
glaclal environmental hlstory to be carried out. Previous
investigation of pollén records is scarce.'Only one pollen
diagram has been reported during the investigation of a pingo
from the area, but has no 1"C-'date control (Geurts et Dewez,
1985). The vegetational and eﬁvironmental history of the area
after the last deglaciation still remains fragﬁentary.
.r\ ) ) ] ‘ ,

Three pollen profiles were raised;f;om this area to obtain

palynological evidence for pospfglacié;,paleoenvironmentér

history (Fig. 6.1). . R _ ,

6.2‘ Polecat Lake Area (XW-4)

6.2.1 Zite Pescription

Lacustrine cldy and other sediments overlain'by organic

®

-

peat were cored at the northwest cprnefaof aﬁ unnamed pond near f
Polecat Lake and the road to radio towers in the abandoned
Aishihik Village area. The core site is located at 61°40'45" N
‘ Lat. and 137°27'12" W Long. with an altitude of 935 m a.s.l.

Present vegetation is spruce forest, and the core site is

.located within a dense stand of BRicea glauca. Wetlands and
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Figure 6.1 Location map of fossil pollen sites
in the central Aishihik Basin
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Shrub—doﬁinated communities are scattifed throughout the area

in accordance with drainage condition.

6.2.2 Sediment Sfratigraghx and Chronology

the uppéf part of this profile, consisting of organic peat
underlain successively by‘White River ash, fine sand, and
. organic peat again, is obviously cryoturbated by periglacial
processes, which is confirmed by the observation of White River
ash dispersion and sgndy layer ejection -within the peat
deposits. Evidence of ciyoturbation disappears at "80 cm depth

(sampling started from 90 cm).

Peat accumulation from 90 cm to 107 cm is underlain by
silﬁy clay with abundant mollusc shells to 338 cm. Fine sands

occur at level 338 cm with increased organic content.

About 2 m away from the éore hole on the bank of the pond,
a cro;s section was examined and its stratigraphy is thé same
-as that described by Hughes {Lowdon and Blake, 1970) on which a
*4C date of 9,660 +/- 150 yr BP (GSC—?49) was obtalined at the
basal organic lens in sands. However, sigce the cross section
is badly penetrated by modern root systems, ;q palynologicale
sampling was.carried‘oﬁt. Correlation of the cross section apd
coréd'prbfile cannot be matched by depth since the‘numerohs ice

lenses in the cored pfbfile increased its depth (frost heave).

However, the stratigraphy of these two sections are well
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matched in sediment properties. The date of 9,660 +/- 150 yr BP

(GSC-749) could be considered as a reference date for the

——

interpretation ﬁ}/fﬁg pQIIEH“Epeea%anKEHZZEBna11y, a *+C date
of 5,850 /-~ ﬁDO yr BP (UQ-1442) was tained at the base of

the top organ%c peat layer.
| :

6.2.3 Relative Pollen Frequency Dlagram

Relative pollen fregquency (pollen percentage), calculated
on the sum equuding pteridophytes and aqua%ics, is présented
in figure 6.2. Numerical zonation procedures, using a data set
of selected taxa including Picea, élggg, Betuia, §glig,
Rosaceae, Juniperus, Ericaceae, Gramineae, Cypeféceaé,
Sparganium, and Eguisetum; suggest three zone boundaries at
111.0, 201.0, and 292.0 cm levels respectively (Fig. 6.3). This
section describes the basic features of the relative pollen

freqﬁeﬁcy diagram.

ZONE 1 (292.0 cm - 329.0 cm): The most striking feature of
zone 1 is the dominance of shrub pollen which varies from 57.5%
to 74.0%. Betula is the taxon responsible and it ranges between
54.0% and és.d%. Juniperus varies from absent in one sample to
4.4%. Others hgve fairly low pexrcentages and are only
occasionally represented. Herbaceous pollen is the second most
abundant group aﬁd ranges between 24.3% apd 38.5%. Gramineae
percentages vary from 13.05 to 25.0%. Cyperaceae percentages

are 4-25% with high values in the two bottom samples. Other
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herbs are limited. Picea pollen 1is less than 10%, ranging
between absent and 8.0%. Equisetum, not included 1in the sum,

has a percentage arocund 5.0%.

ZONE 2 (201.0 cm - 292.0 cm): Zone 2 is characterized by
the rise of Picea pollen pefcentagé which 1s highegy than 10%,
and varieé from 10.3% to 24.2%. Shrub pollen,'however, 1s'still
the major constituént in the pollen spectra, with percentages
varying from 49.0% to 84.0%. Betula still.has the highest
values, varying from 40.0% to 71.6%. Salik, Rosaceaze,
Juniperus, and Ericaceae are all less_tpan 5% where breseﬁt.
Herbaceous taxa values are lower than before, varying from 5%
in one sample to 35% and usually higher than 20%. Gramineae
percentages range frdm 5% to 23%, uswvally higher than 10%.
Cyperaceae véry from absent in one sample to 14%, usually 5-
10%. Sparganium values are betweerl absent and 3%. Equisetum and
Sphagnum are less than or around 5% where present. |

ro2

ZONE 3 (111.0 cm =~ 201.0 cm): The rise of Pjcea and
decline of shrub percentages are the basic features of zone 3.
Picea values rangé between 31% and 42%, with an increment of
about 10-20% over zone 2 wvalues. The shrub pollen, however,
decreases to about 31-41%. Betula is responsible for this
decease with a range of 20% tg 38.5%. Alnus, however, s better
represented than before, varyiling bethen absent in a few

samples and a maximum of 6%. Herbaceous taxa wvalues are not
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greatly changed from zone 2 except for a peak of Cyperaceae in
upper zone 3 with vaiues stEadily around 10-13% in gontrast
with the consistent low values of 3-9% in the lower part 6f the

zone.

ZONE 4 (92.0 cm - 111.0 cm): Zone 4 is characterized by a

1arge increase of Picea pollen which varies from 49% to 84% and -

compensates for a decrease in shrub and herbaceous taxa

abundances. All aguatic taxa disappeér in this zone. Alnus is

0-6%. Betula is down to 3-21%. Ericaceae and PRolygonum,

however, are more abundant than before but with low values.

Gramineae decrease to 1-11%. Cyperaceae are down to 0-7%, The
sum of shrub pollens account for 4-30% of the total, and herb

pollens are about 6-21%.

6.2.4 Numerical Analyéis

Results of PCA (Fig. 6.4} show that on the first principal

' componént axis, which accounts for about 27.1% of total data

covariance, Plicea, Alnus, and Ericaceae have relatively high

positive loadings while Betula, Sparganium, Juniperus, and
Gramineae have relatively high negativé loadings. High values
of zone 4 sample scores "in contrast- with those in otherrzones
reflect the sharp increase of Picea percentage of zone 4, and
also the importance of PBetula in the other zones. The second
axis accounts for 16.4% of total information. Gramineae,

Cyperaceae, and Equisetum have high positive loadings, .and
4
' /
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Betula loading is highly negative. Negative sample scores 1in
most of the profile indicate the_importance of birch pollen in
the pollen spectra which indicates that birch was ohe of the

most impoertant elements of paleovegetation. Positive scores of

upper zbne 3 samples probably reflect a slight increase of

Gramineae pollen in those samples. The third axls, as in other
pollen profiles, is difficult to interpret. This axls accounts

for about 13.1% of total covariance. Picea has the highest.

. negative loading on this axis, and Alnus, Ericaceae, and

Cyperaceae have high positive loadings. Notable negative scores

of zone 4 samples reflect the importancé of Picea pollen in

this zone, and the fluctuation of sample scores in the other
zones is probably related to the complex relationships among
these taxa. fhe'fourth axis accounts for about 9.7% of total
covariance, which represents §§i;3 and Rosaceae since only
these two taxa have significant positive loadings on‘this axis
while no taxa have considerable negative values. The sample
scores on this axis mirror the percentage variation of Salix
and Rosaceae. The fifth axis represents the complex
relationships among $Sparganium, Egulsetum, Rosaceae, and
Ericaceae. This axis accounts for about 8.8% of total data
covariance. The first five PCA axes in total account for more
than 75% of total data covariance, and the discarding of other

axes will not lose much information.

P
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Although 23 taxe were identified in this_ﬁrofile, only 4
of them are i;portant, in terms of their percentage valdes, as
suggested by the result of PCB. As illustrated in figure 6.5,
Pi ea and Betula vectors have highest values on the first'and
second PCB axes plane which accounte for aeout 92.2% of total.
data variation. Gramineae and Cype:adeae have a similar value,

t

and are positively correlated as indicated by the orientation

-

of these two ‘vectors. The relations between Picea, Betula, and -
the herbs (Cyperaceae and Gramineae), however, are

L : . W -
complementary or in negative correlation. Considering the

sample ordination, zone 1 samples are clustered together and

'piabed at the positive end of the first PCB axis, which . has no

.,.direct connection with other groups. zone 2 clusfer, however,
A - v

overlabs with the cluster of samples from the modern shrub-
tundra vegetatioﬂ—landferﬁ nnit, and 'is distributed along the
direction of Betela vector. This resu}t is obviously caused by
the good representation of birch poilen in the zone 2 samples.
Samples. of zone 3 are well correlaﬁed with thoee of ehe modern
}orest—tundra vegetation-landform unit as suggested by the”
oveflap of these two ‘groups, and are located at the centre of
this plane which probably reflects an even representatlon of
the four major pollen types. Zone 4 sample cluster perfectly
overlaps that of the modern forest vegetation-landform unit,

and distributed along the direction of the Picea vector. Th1s

feature indicates that Picea was the most important taxon in
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thé'past vegetation during‘zoné 4 time which Is compérable with
the modern spruce“foiest in the area.
“As illustriggd in figure 6,6;‘¢he first and second CA axes
plane, which accountslfor about 60.7% of the total ﬁata
variation, indicates resylts b;oadly similar to those of Pcﬁ..-
If is notable thqt the Lverlap between clusters of =zone 2
'sampies and médern shrub-tundra samples is not as good as that
in PCB. The samples of zone 3, are closer to those of the
shrub-tundra Qith two samples overlapped. However, the
disciepancy between the results of RCB and CA is minor, and is
_ hot l;rge enough‘to cpntradict eitQSi interpretatioﬁ.

6.2.5 Reconstruction of Paleoenvironment

Pollen “profile XW-4—represents palypoloéical records- of

paleovegetation and palecenvironmental variation history in the

cenrt'ishihik Basin area, and may be divided into four

stages ;s represented by four local pollen zones.
. 7 . )

Polien zone 1 represents a time interval during which the .
afea was covered by a Betula-dominated shrub-tundra. This stage
lasted from 9,600 to about 9,000 yr BP. Betula is the most
abundant arborealitaxon,'reaching about 60% in the pollen
spectra. Although this taxon is a prolific pollen producei,
such a high value evidently indicates g@at'birch was widespread

in the area at this time. Picea was obviously absent during



218

"paie 9ye] 3IeosTOd

‘y-Mx S1TIoxd ‘soxe gDld (TEOTIIPA) PUODDS pPuR (JeluUcZTIOY) 3IFISITI 92Ul Uuo .
soTdwes uafrTod TTSSOF puR UIIPOW JO XTIJeU BIeP POUTQUOD JO UOTFBUTIPIO §°9 aanbtga

//

wmasinby 11
wnjuedtedg 01
svaoriadiy g
suwaurer) g
SusdwoLIy 2
sntadiunp g
9VAOVE0Y
Xi[es
e[mag
snuly
wadld

JoUOZ = x

N SUOZ = o

gIOZ =y

youoZ =1+
MOPRIUL 13l = +
RIPUN}~QIIYS =
RIpUN}-3581Q4 = o
IE8IQ{ » »

(P—MX) "LX ‘VEYY INVT LVOTTOd



219

wmasmbg 11
wniusfiedg o1
awadriadfy
auauIUIvIY

awaowoLg
sniadiung
avaousoy
xi[es
e[med
Snu[y-
'gadld

—-NOYTNDOMOD

I oUuoZ = x

ZouczZ =o

gcouoZ = v

pouOZ =1+
MOPRIT 13 = +
BIPUM—QILIYS = »
RIpUM—1$31Q¢ =0
1s2aq =

-t L=

e9Ie ayeT FIeOITOd.

‘p-MX GWﬂmQH& fsaxe yo (TROTIIDA) PUODSS DuUR ﬂﬁmwcoNﬂuozw 3ISITF BYI uo
saTdwes usyttrod Hﬂmmow pue ulspow JO XTIjew BIEP POUTQWOD JO UOTIBUTIPIO 9°9 qumﬂh

=

F-MX) "L'A ‘VILV INVT LVOATOd



-

this interval, as indicated_by very low Picea pollen
percentageé. Gramineae was another.importént taxon ;n the
paleovegetation as suggested by relatively high vaiues.
Cyperaceae were also lmportant, especlally é;_;he beginning of
this time intervalnas suggested bf their high values in the two

beottom sampies.

Zone 2 represents a time interval from 9,000 to about
7,500 yr BP. During this time interval the area was .probably
covered by a sparse forest-tundra vegetation. Picea invaded the
area at about 9;000‘yr BP,‘as suggesteﬁ by pefcentages
consistently higher than 15#. Previous studies in the northern

Yukon indicate that a Picea pollen percenéage of 10% in

lacustrine sediments may be conside;ed as a threshold to
indicate the presehce of spruce in the area (Ritchie, 1984a}.
Palynological investigations in northern Aishihik Bagin
indicate that spruce arrived in that area at about 8,700-9,000
yr BP, which is in agreement with the interpretation of pdllen
zone 2. aetﬁla was still a dominant éiement'in fhe

. L]
paleovegetation, as suggested by its high percentages. Other
taxa show little changes from zone 1, implying that basic
features of the vegetation in this interval were similar to

those preceding, with the'excepﬁion of'én invasion of spruce in

-

the area. In pollen profile XW-1 and XwW-3, fdkijt-tundra.

spectra are characterized by high values of Picea, Betula and

other shrubs, notab1§ Cyperaceae., However, pollen profile HB1

220
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-and XW-4 have no extensive representation of Cyperaceae pollen.
This indicates the 1nf1uehce of lecal environment on the pollen.
regords. High values of éeat-forming taxa such as Cyperaceae in
the pollen speqtra from peat bogs 1is éxpected, and pollen
recordsﬁfrom lacustrine sediments such as profile X?-4 andAHBl

show smali rebresentation of Cyperaceae due to differences in

local depositional environments.

Pollen zone 3 represents a -time interval from
approximately 7,500 to about 5,900 yr BP during which the area
was covered by open spruce forest or spruce woodland. High

Picea pollen percentages around 40% indicate the dense cover of

spruce In the area, although they are lower than those of the
forest spectra from the Upper Nisling Valley"profile (XWw-1) and
modern surficial forest .vegetation-landform unit samples. The
Polecat Lake area in central Aishihik Basin is an open and flat
area of generally low altitude. The core site was a pond during
deposition of pollén zénes 1 to 3,‘as suégested by widespread
mollusc shells 1in sediments and by aquatic taﬁﬁ, e.qg.
Sparganium and Myricphyllum in the pollen spectra. The large
airsac of Picea pollen enables it to float on the‘wdéér surface
during the pollination season, and winds tend Eo blow the
floating ﬁollen to the edges of ponds or .lakes (Birks and
"Birks, 1980). Therefore, pollen records from the central lake
sediments may have lower coniferous pollen percentages than

those from other parts. Decrease of Betula pollen in the pollen
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sgecéra may indicate competifion from spruce. Howevér,,the
results of numerical analysis are not consiétent with such a
forest interpretation. Broéd similarity of sample ordinations
between zone 3 .and modern forest-tundra samples suggest a
forest-tundra environment during the zone 3 time interval,
while the results of CA indicate a broad similafity between
zone 3 and modern shrub-tundra samples. Explanation of this
discrepancy between the numerical results and classical
interpretation require§ an understanding of the nature of the
data se?. In this monograph, modern mosé poclster samples are
. employed in the comparison between modern and fossil pollen
spectra. In modern forest pollen spectra, Plcea values are
usually higher tﬁan 50%, while only about 40% spruce pollen was
recoxded in the zone 3 samples. This discrepancy 1s mainly
caused by differences in the nature 6f the samples. Although
pollen spectra from different types of sediments may not be
compared diréctly, numerical analysis still can provide some
interpretable infprmatian if differences of pollen sPectra‘froﬁ:_

different sediments are fully understocd.

A change of the sedimentary environment at the core site
from pond to marsh occurred at about 5,900 yr BP, which marks
the "beginning of the =zone 4 time interval. The regional

vegetation in the area after this local\pnvironment change

likely was still a spruce forest, as suggested by high Picea

percentage in the bollen spectra. However, the tremendous

.
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increase of Picea véiues in this zone is mainly due to the
change of sedimentary environment rather than the change of
paleovggetatron. A low income of local polieq grains can caus;
an exaggeration-of regional elements, which was probably the
case during the zone 4 time fnterval} Due to lack of

information, the gfvironmantal'history since zone 4 time

remains unknown at this site.

6.2.6 Summary and Conclusion

A typical birch zone pollen spectra in the Polecat Lake
area indicates'wideééreqd birch-dominated shrub-tundra in the
area, which was replaced by a spiuce forest-tundra at about
9,000 yr BP. Spruce invaded Ehg_area at approximately 9,000 yr
BP, in agreement with the pollen records in northeég Aishihik

3

Basin. Spruce forest has occupied the area since 7,500 yr BP, .
and a sedimentary phase change from a pond to marsh-took place
at about 5,900 yr BP. Comparison of pollen records from this
profile with other studies in northern Aishihik Basin indicates
that fhe local environment may have had strong influence on the
pollen records under similar regional vegetation and other
environmental background. Therefore, the interpretation‘of
fossil pollen records must be accompanied by a full

understanding .of the structure of pollen data and the relation

. A
of regional and ‘local pollen taxa.
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6.3 Alshihik Kettle (Xw-5) = | '

6.3.1 S8ite Description

v

Peat and silt deposits weré cored from a elongated'dead—'
ice kettle near the northwest end of Aishihik Lake. The core
site is located at 61°36'23" N Lat., 137°32'48" W Long., with
an altitude of ?54 m a.s.l. (Fig. 6.1). This area is
charécterized by its remarkable'deéd—ice features such as dead-
ice kettles, eskers or kame deposits, etc. The core site is at
the north edge of a dense spruce forest around thé Aishihik
village. At the core site, Cyperaceae and Gramineae are

dominant taxa in the present plant community, éboqt 40% aEﬁ\
d

30%, respectively. Betula glandulosa and Salix glauca-dominat

communities surround the site as rings'in accordance with the
drainage conditions. Pieea glauca'stands occur about 30 m away
from thg coré site. Potentilla fruticosa, Artemisia sp.,
Epilobium anqustifeolia, Shepherdia canadensis, and Ledum
groenlandicum, are common taxa in the area. At the foot of. the
soufﬁwest-facing slope of the kettle, Populus balsamifera

groves are present.

6.3.2 gtratigraphy and Chronolo
'"The profile is 143 cm in depth. Organic peat from the

surface down to 14 cm is underlain by a 9 cm thick deposit of
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White River ash. A 59.5 cm thick organic peat deposit wit%
variousisilt content beneath thé ash layer is underlain by a 63
cm thilick éilt depoéit. The contact between 6rgan1c peat ana
silt s fairly abrupt, and geparated by a 7.5 cm thick ;ce
layer from 82.5 cm:to 90.0 cm. The permafrost table occutredlat

a depth of 40 cm on August 6, 1984.

The White River ash layer provides a reference date for
the estimation of a time sequence for this profile. One *<C
date was'determined for the interval between 75.0 and 77.5 cm,

which is 5,200 +/- 70 BP (GSC-4089).

6.3.3 Relative Pollen Frequency

.: The result of pollen analysis of this profile is
represented as a relative pollen frequency diagram (Fig. 6.7).
Selected taxd, e.g. Plcea, Alnus, Betula, Salix, Rosaceae,

Juniperus, Artemisia, Gramineae, Cyperaceae, Sparganium,

Lycopodium, Dryopteris, and Equisetum, were employed to carry

out the numericai zonation prbcedures. All the piocedures used
in this.monograph, i.e., CONZONE, ZONATION, CONISS,
exclusively indicate é zone boundary at about 80-90 cm (Figq.
6.8). This result implies a dramatic chaﬁge of the inner

structure of the relative pollen frequency data matrix.

ZONE 1 (143 - 90 cm): This zone 1s characterized by high

percentages of herbaceous pollen. Gramineae values are 20.5-
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60.3;, mostly aroundIZS-QS%. CYpéraceae values vary from 22% to
67%, mostly around QO—SS%: A;Lgmigii,yalues are.relati&ely
high} Qarying.ffom gbsent in a few samples to 7.7%. Shrub
pollen is moderately represente&. Betula values are bL;yeeh
0.3% and 15%, ugually around 3-4%. Salix pollen percentages are
0.3% to 4.7%. Rosaceae are absent(from one sampLé and vary from
0.9-9% ih others. Juniperus values are }.Gt—to 9.6%. Picea
pollen, basically absent from the pollén épectra, only occurred

twice around 1%. Equisetum spores vary from absent to 5%. Other

taxa are much less important and occurred only occasionally.

ZONE 2 (surface to 80 cm): High'Picea pollen percentages

from 34.8% to 70.6% are the most remarkable feature of this
zone. Alnus pollen_starts to reéister ln:the top sample of zone
1, and varies froq absent in two samples to 7.3%. Betula is the
most well represented shrub with Qalues between 2.7% and 10%,'
" usually around 5%. Salix, Rosaceae, and Juniperus are less well
represented than before, Values of herbaceous pollen drop in
_this zone. Artemisia pollen disappears completely, and
Gr;hineae percentages éecrease to“around 7%; varying from 2% to
;9%.'Cyperaceae percentaées are between 13% to 41%. However,
'EguiSetum spores have higher values than before, varying from

absent in two samples to 26%, with a peak occurring between

samples 4 and 7. Other'taxa are ,only occasionally represented.
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6.3.4 Numerical Analysis . |
The results of PCa are shown in fiqure 6(9; The first five
PCA axes account for 73.9% of tha—tofal information. On the
first PCA axis, which accounts for 33.2% of the total
information, Picea and Alnus have significant 1dading which is
more than 0.2,'while‘;ow shrubs and herbs (Juniperus,
Cyperaceae, ‘Gramineae, Rosacege, Artemisia, and Sparganium)
have high negative loadings (less Ehan’—O.B). On the second PCA
axis, which accounts for about 14.3¥ of total covariance,

Betula and Salix have high-positive loadings (great than 0.3),

while pteridophytes have high negative loadings (less than-
0.4). The other axes, however, dd not provide much
‘inte?pretable information. Sampies which have high negatijve
principal component scores on therffrst PCA ax{slhave~high
scores on the second PCA axis. These samples are all from zone

1, which indicates that local vegetation was dominated by

shrubs and herbs‘duriné the zone 1 time interval. All samples*

L]
-,

. from zone 2 have positive scores on the first axis but negative
scores on the second axis. This pattern indicates the

A,l51gn1f1cant presence of Picea, Alnus, and pteridophytes in the

V?local vegetation during the zone 2 time interval.

Thenfirst PCB axis accounts for 61.6% of total information

and the second axis accounts for 25.1%h The results indicate

)

that Picea, Betula, Cyperaceae, and Gramineae are the most

important taxa in-the data set (Fig. 6.10); Gramineae show

N o
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positive correlation with Cyperaceae as suggested by the
oiientation of these two vectors, while Betula and Eigga show
negétive correlation with respect to each other and aiso to
Gra;ineae.— Cyperaceae. Equisetum is the fifth taxon which hag

significant representation in the data set, and is positively

correlated with Picea. As the result of this pattern, all

samples from zdne 1 cluster at the positive end of the first
axis, which 1s related to Cyperaceae, Grgmineae, and low,
shrubs. Samples from zone 2 are separated from the zone 1
cluster, and most samples are very close to the samples from
the modefn fpfest vegetation-landform unft (Fig. 6.10).
However,'the‘zone 1 cluster has no modern analogue in terms of

its scores on the first and second PCB axes plane.

Similér results can be obtained from the first and schhd
CA axes (Fig. 6.11), which account for 69.0% of total variation
of the data set. It is more clearly indicated on ‘this plane
that the cluster of zone 1 samples is c;osély related to
" Artemisja and Juniperus which are important taxa in the zone 1
polien spéctfa. By a 45° rotation‘of the axes, the first axis
may represéntftpe density of the'végetation, and the second
axis may represent the moisture condition of the local area as
suggested by the modern surficial samples (Fig. 6.12). This
rotation is useful for facilitating reconstruction of

environmental history.
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6.3.5 Reconstraiction of Palecenvironment

.The lower part of the pollen diagram (Fig. 6.7), nameiy
site pollen zone 1, represents a time interval during which the
kettle was probably filled by water as a shallow pond as
suggested by thelgrequent occurrence of Sparganjum spores.
Unfortunately thefe is no absolute chionological control on
this event due to a lack of datable material. '

N . .

The occurrence of a 7.5 cm thick ice layer between the
82.5'énd 90.0 cm_levels and_the'change of sedimené lithology
beneath and above-the ice layer made it impossible to
extrapolafe the approximate age of zone 1 sediment. Both PCB
and CA suggest that there is no ﬁodern analogue of the
~vegetation which the zone 1 pollen spectra represent. The
genéral pattern of the polien spectra in this zone is 'similar
to Liv}ngstone's herbaqeous zone {(Livingstone, 1955), which was
dominated by high Cyperaceae percentages with freguent

occurrences and reasonable values of Salix, Betula, CGramineae,

and Artemisia. Moderate occurrences of Caryophyllaceae and
Chenopodiaceae are also in agféement with basic features of the
. herbaceous zone (Livingstone, 1955f. However, high values and
the.consistent occurrence of Rosaceae and Juniperus in zone 1
of this study lead the author to consider the role of shrub
taxa in the actual vegetation during this interval. At present,

there are three species of Rosaceae in the area according to
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'field observation. Potentilla g;ugicogé is the mogt common one
'obserVed in the area today, and Potentilla diversifolia is less
common . ngg-w;odsig was only observed on the psorly ﬁegétated
510pgs of moraine ridges or kame deposits. Juniperus requires

an open habitat to survive. Salix is often under-represented in

the pollen spectra and 5% value can be cbnsidered as a
signifi&ant répresentation, especially when local types such as
Cyperaceae are abundantly presenf in the spectra. Shrub pollen
account for about 20-30% in the total spectra, suggesting a

Salix-dominated sparse shrub-tundra existed in the area aftef

the last deglaciation.

ZONE 2 represents a time interval during which spruce
forest covered the area and the kettle was water free. Sudden
rise of spruce pollen to a value of about. 40% withqut any
transition_implies‘an apparent gap of sedimentation in the
kettle between two zones, which coincides with the occurrence
cf a thick ice laygr and abrupt change of sediment lithology.
This uncbnformify of sedimentation_might be caused by
" catastrophic opening of the kettle at its northwest end leaving
the core 'site exposed for a duration, and creating a sudden
- sedimentary facies change. As a result of this hiatus between
zones, there is no evidence to predict the arrival time of
spruce. in the area and the beginning of spruce forest in the
area. The *+C data in this profile (GSC-4089%), however, provide

"a basis for estimation of the restarting time for sedimentation
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in the kettle and information for regional comparison of pollen

events.

Significant decrease of shrub and herbaceous pollen

percentages compensates for the rise of sprhce in zone 2,
supporting tﬁe 1nterpretétion of a spruce forest vegetation in
the area. Modern surficial samples from the study area {(see
Chapter 4) and Coppermine valley (Geurts, 1983) all suggest
that saﬁples from spruce forest usually have more than 40%
spruce_Poilen (Geurts, 1983) or even 50% (this study, Chapter

4). It is evident that the forest in the area was stable at

least during the interval of 5,200 yr BP to 1,230 yr BP, the’

formér marked by a *4C date (GSC-4089) and the latter by the
occurrence of the White River ash. After the ashrfall spruce
pollen decreased to a minipum of about 20%, and back to about
60% in the top sample. Selected pollen ratios also show this
pattern (Fig. 6.13). In compensation with this change, a
significant reversal occurs among Gramineae, Chenopqdiaceae;
and Polygonaceae. These chéﬁges could represent a climatic
oscillation or fluctuation during the last 1,230 years or
disturbance caused by ashfall. .The density of the forest,
however, was'not necessarily very different from before. This
conclusion is bééed on consideration of the landscape at the
coré site. Increasing precipitation or changing the pe;mafrost
table could create wetter conditions on the slope of the kettle

where, K the profile was cored, enough to support these wet to
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mesic taxa. As the result of the herbaceous pollen increase,

¢
the representation of spruce pollen is suppressed.

6.3.6 Summary and Conclusjion

Pollen records of profile XW-5 suggest that the central
Aishihik Basin area was covered by a éﬁarée shrub-tundra
vegetation after the last deglaciation. However, since there is
a hiatus in the sediment records, there is no absoclute time
céntrol_for such an event. Dense spruce forest developed in the
area at least before 5,200 yr BP. Since then, vegetation in the

area has remalined stable.

6.4 Moose Depression (XW-6)

6.4.1 Site Description

r

Moose Depression is located at the northwest corner of
Aiéhihik Lake near the abandonéd Aishihiﬁ Village (61“35'26"_N
Lat., 135°30'57" W Long., 953 m.a.s.l) where a terrace of
glaciél lakerAishihik was developed during the last
deglaciation (Fig. 6.1). The core site is at the northeastern
part of this 1,000 m x 350 m elondated depression. Durinq;the
last deglaciation when glacial ice occupied the present
position of Alshihik and Sekulmun Lakes, a proglacial lake
sﬁrrounded the northern end of Aishihik Lake between the ice

body and the extensive kame deposits. This proglacial lake left

<
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.about 8 to 9 m of lacustrine silt deposits'(Geurts et al.,
1985; 1987). The cored depression is on the southwestern end of
this.silt terrace between Aishlhlk and Sekulmun lakes, about
500 m northwest of the present Tahgah river (Fig. 6.14). A 24C
data of 9,790 +/- 130 BP (LV-1475, Geurts et al., 1985; 1987)
from a peat layer which 1is an 0ld channel filling deposit at
the bank of Tahgah River and now is about 15 m lowey than the
surface of the éilt ter;ace; provides an estimation of minimum
age of thg'glacial—lacustrine eéisode and the.minimum age of
the last deglaciation. Further to the west ana northwest £h$
topogfaphy turhs mountainous with a local relief of about 400 m

above the surface of the flat kame deposits (Fig. 6.1}

6.4.2 Present Vegetation

Present vegetation around the abandoned Aiéhihik Village
and between Aishihik and Sekulmun Lake is aense white spruce.
forest. Other types of vegetation, however, occur in accordance.
with change of landform and geomorphic context. The following
‘is a brief description of main plant communities observed

during the field investigation in this area.

Picea glauca community: This is one of the major plant'.
communities between the two lakes, and is dgveloped on the

moderately drained kame or glacial-fluvial deposits. Plants

commonly occurring in this community are: Picea glauca, salix

glauca, Arctostaphylos uva-ursi, Betula glanduiosa{'EQilobium
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angustifolium, Lupinus arcticus, Castilleja sp., Empetrum
Digrum, Linnaea borealis, Rosa “acicularis. Sometimes Populus

"tremuloides (Aspen) is found in the more'open locations in the
-forest canopy. The Moose Depression is surrouﬁded by this
.communiﬁy, especially on its west side.

§gl;;Ig1aucé.community: This willow-dominated-community is
typically developed ﬁn the flat.marginal parts of the
depression, as.well as on othéf parts of the silty dglacial-
lacustrine terrace. Common taxa in thfs community are: Salix

glauca, Potentilla fruticosa, Castilleja sp., Achillea sp.,

some Ericaceae, Leguminosa, and Gramineae.

TR

Cypéraceaé Communit&: This community is commonly developed
in the study area on fine-grained mineral soil of lowland'flafs
or in the organic:accumulafing depressioné. The central pért.of'
Moose Depression 15 covered b& this community. Erfophorum Sp. .
or Carex aquatilis are the

- I

ost predominant plants in the
community. The Erioghorum‘sb.fdﬂminated community occurs in the"f-

mesic to poorly drained lowland area, and the Carex aquatilis-

-

v

dominated community occurs'in the extremely wet area which
often merges with shallow water when the active layer above the

permafrost table melts during the summer.

Betula glandulosa communitxf This is a common plant

community in the Aishihik map area, but it has restricted
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:distributiph in the area between Aishihik and Sekulmun Lakes.
It 'is récognizéd by an-ofteﬁ patchy but heavy cover of Betula
glaﬁdglosa and‘a dense understory of grasses and.sedges. Othex
taxa gommcﬁly occurring are Salix lauca{ Eotentilla fruticosa,

" Gramineae, Ericaceae, and Equisetum arvense.

6.4.3 Sediment, Stratigraphy

Peat deposits from the surface‘to 35 cm are interbedded
witﬂ a conspicuous 7 cm thick ash layer from 11 cm to 18 cma
Thgn the sediments.progressively changé into ogganic silt with
sohé mollusc shells between 35 cm and 145 cm. Grey silts occur
at the bottom of the proflle from 145 cm to 157 cm. Lacustriné Y
organic silt occurs from 35 cm to 145 cm with progressively
changing organic content. Results of loss on ignition indicate
that organic contents in the top three peat samples are from
49.7% to 73.8%. Samples immediately above and beneath the ash
layer have lower organic content (41% and 26.2%, respectively)
due to the influence of the ash layer. From 31 cm to 105 cm the
organic.content decreasesEgrapually frgm 28%‘to 13.2% with:
small fluctuations. In moétfbaééé it is atound 15-16%. From 105 TR
cm to 131 cm the organic content has a small abrupt increage,
toc 20%, and then decréaseé agéinhbgtweenIIBI cm and 145 cm from

V- _

17.8% to 13.?%. Organic content abruptly decreases from 145 cm
to the bottom of the profile with very low values from 9.5% ;o

6.2%. The pattein of organic. content variation in the profile

is graphically illustrated in fiqure 6.15. The curve is
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. smoothed uéing the third order parametric polynomial technique
supplied by DISSPLA graphics software (Integrated Software

Syétems Corporation, 1986),.

The'fechnique of grain size analysis, described previously
in‘chapte; 3, was employed to eéaluate the sedimeﬂtological.
properties of these samples. Fiéure 6.16 illustraggg.the
peféentaqe frequency of particles of different size, calculated
on total dry weight a%ter the removallof organic material. The
organi¢ contents are also shown ,in the right coiumn of the
figufe. The predqminant particles }njall'samples are silt.
Medium silt (5-6 phi or 31.25-15.6 micrqns.in size) is the most
iﬁqutant.group. The sand portion, however, has a relatively
obvious distribufion trend. More sand was deposited in the peat
layers. Further analysis of fﬁ@kdata reveals that the mean
grain sitze is all around 4.1-5.15 phi (Tab. 6.1). The sorting
and skewness indlices, however, wvary through the profile. The
sorting index, determined following Folk.and Ward (1957), is
0.7-0.8 in thé lower part: of the profile which means the

. .
sediments are moderately sprted, and 1.2-1.3 in the fop pa;t
which'iﬁdicateS'poor sgrfing. Relatively high positive skewness
- indices (>1.0) at the lower part of the profile imply that the
sediments in this part of the section have a large fine tail,
and low values in the topmost section (<1.0) indicate that the

sediments are coarser particles. This result is in agreement

with the frequency distribution. analysis (Fig. 6.16). Other
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Table 6.1 Results.of grain size analyses. from profile of Moose
. ) L

Depression (XW-6) sediments

-

Mean (@)

Median (@) Sorting Skewness  Kurtosis

1 4.8200 4.5967 1.3386 0.5903 1.0439
2 4,3800 4.2800 1.1432 0.7730  l.0111
3 4.2000 4.1000 1.32172 0.6233 0-.8844
4 5.0800 5.0433 1.0792 1.2788 1.6246
5 4,.5500 4.2600 1.1933 0.6496 1.1284
6 4.7200 4.6067 1.1515 0.8557 1.1622
7 5.0000 4.9600 0.9761 1.2848 1.3674
8 4.7800 - 4.7267 0.9445 1.1849 1.2185
9 5.1200 5.0900 1.0837 1,1595 »~1.3443
10 4.6000 4.5433 0.8845 1.1894 1.0795
11 5.1500 5.1533 1.041¢ . 1.,4506 1.6507
12 4.6200 4.5000 1.0564 0.8913 1.1160
13 - 4.9000 4.8700 0.8214 1.4954 1.2640
14 4,8500 4.8067 0.8690 1.3259 1.1414
15 4,7500 4.5733 0.7310 1.2269 0.8728
_,,ig 4.9000 4.8733 0.7533 1.5948 1.058¢0
4,5500 4.4733 0.8895 1.1102 1.0160

18 4.8000 4.7500 0.8223 1.3902 1.1532
19 4.7800 4.6933 0.8364 1.3014 1.1031
20 5.1000 5.0967 0.9820 1.6974 2.0350
21 4,8200 4.7867 0.7947 1.5065 1.1584
22 4.6800 . 4.6167 0.7281 1.4474 0.9470
23 4.6400 4.5800 0.8386 1.2550 0.9814
24 4.6800 4.6033 0.7181 1.4425 0.9953
25 4.8500 4.8033 0.6091 1.8890 1.0196
26, 4.7200 4.6567 0.7875 1.3780 1.0608
217 4.,9000 4.9067 0.59840 2.0847 0.999¢6
28 4,8000 4.7400 .0.7141 1.5276 1.0444
'29 4.6000 4.5000 0.7970 1.2254 0.9762
30 4.6800 4,.6500 0.7090 1.5101 0.9904
31 4.7500 . 4.7000 - 0.7261 . 1.5237 1.0354
32 5.0000 5.0000 . 0.7886 1.6245 1.0656

L -

\
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indicee such as median and kurtosis show no obvious trends

(Tab. 6.1).

*
-
' B

In summary,” abrupt change of organic content, sorting and
skewness indices, and \increase of sand percentage in the
sediments seem to indicate a sedimentary facies chaﬁge at about
35 cm. Below 35 cm the eedimentary environmen£ wes a shallow'
pond. Ochrrences of mpllusc‘shells below 35 cm provide strong

; \ .
evidence for such an interpretation. Above 35 &Q\32%§ pond was'

drained and became a marsh or wet peat bog.

6.4.4 Radiocarbon Dates and Sedimentation Rates

Three core segments from profile Moose Depression (Xw- 6)
were s%bmltted £0r' radiocarbon dating (Téﬁ‘s 2). Samples were
selected to confine special events or close to zone boundaries.
The White River ash layer was considered to be 1,230 yr BP for
the calculation df‘sedimentation rates. Since .the ash layer is
an event deposit accumulated in a relatively short time span,
its thickness was ellmlnatee as in other_profiles in this
monograph to minimize the?ﬂevlation of the calculated ages of

_;he'samples. As in other profiles, calibratloe of sediment
‘depth for eliminating the influence of frost heaving on the
- calculation of sedimentation.rates andrpollen'accumulation
rates were carried "out. Sedimentation rates used here for
calculating the pollen accumulation rates were: determined by

S

. N
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linear extrapolation of the age-depth relation (Fig. 6.17) and
the result is listed in the table 6.3.

o

6.4.5 Relative Pollen Frequency

3

Results of pollen anélysis from the Moose Depression
profile (xw-s,.Fig. 6.1) are represented in a relative pollen
frequency diagram (Fig 6.18) and a pollen accumulation rate

-

diagram (Fig. 6.19).

Zonation procedureS'of CONiONE, LCONISS, and ZONATION were
applied to zone the relative pollen frequency diagram; Taxa
uséd' for the zonation purpose include Picea, Alnus, Betula,

.

Salix, Rosaceae,rJﬁni erus, Artemisia, Compositae,‘Gramineae,
Cyperaceae, Myriophyllum, Sparganium, Lycopodium, Dryopteris,
and Eguisetum.'Therdendrogramé_are illustrated in figure 6.20.
The numerical and empirical reéults of zonation are illustrated

on the pollen percentage diagram. ’

ZONE 1 (154.0 - 157.0 cm): Pollen zone 1 consists of 1
sample which is characterized by 'high percent;ges‘oﬁ Gramineae
and Cyperaceae, d low percentage‘oﬁ Betula, aﬁd aq'absence of
Picea. Betula percentage is 20.6% which is oﬁly oné third tﬁe
value of the samples above. Cyperaceae percentage is 31% and
Gramineae value is 32.5%, which are t#e-maximum values of these

taxa in the profile. Other taxa are less important.
R
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Table 6.2 *4C dates of profile Moose Depression (XW-6)

'

Lab Number Core interval ‘14C date Material
1é?m) ‘\4L*;J(yr BP) ] used
11.0 - 18.0 1,230 ° ash layer
UG-1449  32.0 - 35.0 5,620 +/- 100 peat
TO- 644 ©  33.5 - 70.2 7,220 +/- 170 organic silt
GSC-4099  70.2 - 111.3 8,640 +/- 80 | organic silt

Table. 6.3 Sedimentation rates of profile Moose Depression

(XW-6)

Core interval : Time interval Mean sedimentation

(cm) .. (yr BP) rate (cm/yr)

0.0 - 11.0 0 - 1,230 0.00894

1i.0 - 18.0 ash layer

18.0 - 33.%5 1230 - 5620 0.00353

33.5 - 70.2 . 5620 — 7220 ' 0.02206

.76.2 - 111.3 - 7220 - 8640 0.02754

- 10230 * 0.02754

111.3 - 157.0 . 8640

* Extrapolated
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ZONE 2 (92.5 - 154.0 cm): Pollen zZone 2 is characterized .

-

by very high.percentages of Betula pollen which vary from 48%

~

at the bottom of the zone to 62% in the middle. Alpus pollen
values'flucteate around.Z% Salix values varf from absent to
3%. Rosaceae and Junlgerus percentages range from less than 1%
“to 5%. Eiggg pollen values slowly Yincrease from 0.6% "at the
bottom to aroend 10% at top.of the zone.. In herbaceous taxa,
.Grémineee have_the highest values, wvarying from 8% to 24.6%,
and more than 20% in most cases. C&ﬁeraceae values fluctuate
between .4% and 21.7}, Artemisia occurreeces are relatively
continuoes with values around 1%. Compositae is another group
which pgoduce;!a coneinhous‘cerve with values between less fhan
1% and 5.9%. Aquatic taxa are relatively abundant. Myriophyllum
‘15 continuous and its values vary from 0.6% ,to 4%. Sga;ganium
percentaqes are also continuously observed with values from 0.4
to 2%. In the pteridophyte group, Qxcogodium_values vary from
absent to 2.3%, about 2% in most cases. D;xogteriﬁ percentages

are bétween absent and 3% with 2% in most cases. Eguisetum is

similar in occurrence to Dryopteris. Sphagnum only occurs

occasienally. Total tree pollen percentages gradually increase
from 0.6% at the bottom to 10% at the top of the zope. Shrub
pollen percentages ﬁary from 52% To 68%. Herbaceous p%llen
percentages gradually decrease from 46% at the bottom to 27% at

the top of the zone.
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" ZONE 3 (82.5 - 92.5 cﬁ):-As illustrxated in the pollen
diagram, pollen épectrq of zone 3, consisting of only 2
saﬁples, exhibit traﬁsitidnal features. Picea pollen
bercentages are about 30%. Betula valués are 42%. Alnus values
vary from 1% to 6%. Salix percentéges are about 1%. Rosaceae
and Juniperus vary from }% fo 3%. In herb;ceous taxa, both
‘Gramineae and Cyperaceae have values between 5% and Eﬁﬁ“‘“//
Artemisia percentages are 0.6% and 2.5%. Compositae are also
around 1-3%. Aquati;s are less than or aroundﬁl%. Pteridophytes
are all around 2-3%. In summary, both shrub and herbaceous
ﬁollen centages show a moderate decrease in this zone, and

T

tree polleﬁdhas an obvious increase.

ZONE 4 (35.5 - 82.5 cm): Pollen zone 4 exhibits different
pollen spectra from any previous zones in this profile. Picea
pollen reaches maximum values, varying from 46% at the base of

the zone to 76%. Alnus values are between 0.7% and 3.5% showing

little difference from before. Betula percentages, however,
decrease progressively from the top of zone 2, and drop from
25.5% at the boftom to 6.5% at the top of zone 4. Salix
percentages are usually less than 1%. Other shrubs, ‘i.e.
Rosaceae and Juniperus, are all less than 5% where present. N
Herbaceous taxa have their minimum representation in this zone.
Gramineae are less important than before with values from 2.9%

to 9.6% except in the top sample which is up to 15%. Cyperaceae

fluctuate from 1.3% to 12%, less than 10% in most cases. Other
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herbs have no significant dccurrence. Aquatic taxa have a

different distribution pattern than before. o um
percentages have dramaticadlly décreased, and Sparqapnium values

take their place, usually around 2%. In pteridophyte taxa,
Equisetum hqs higher values than that before, varying from 3%
to 7%. Others have no lérge difference. In summary, tree
pollen percentages dominate this zZone with values from 46.4% to .
76.6%. Shrub pollens have decreased, varying from 9.5% to 37%.

Herbaceous pollen values are down to 8-25%,

ZONE 5 (0.; 55.5 cm): Pollen'zone 5 is characterized by
the disappearance of aquatic taxa and abrupt increase of grass-
sedge proportion. Gramineae values are uﬁ to 13-24%. Cyperaceae
percentages are coésistently higher than 13%, varying from 13%
to 25.6%. Compositae also.havé higher values. In shrub taxa,

Betula values show little change. Alnus percentages are

slightly increased, varying from‘g.a% to 6%, usually more than
2%. Trge pollen, however, has decreased, Picea percentages vary
from 37% to.62.6%, usually legs Phan 50%, dropping about 20%
from béfoxe. Pinus ;nd Populus havé more frequent occurrence
than before wighout continuous curves., In summary, tree pollen .
in this =zone variéé fgom 37% to 65.5$: Shrhﬁg are from 6% to
17%. Herbaceous taxa have obviously inéreased, varying from 29%

to.54%, usuvally more than 40%.
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- Absolute’ pollen accumulation rates were determined using

the ciasslcal exotic marker methods described 1n chapter 3. The

pollen diagram is zoned following the relative pollen frequency

diagram. , ) .

-

ZONE 1 (154 - 157 cm): Total -pollen concentration in this
zone is about 1. 5 x 10+ grains/cm’. Total pollen accumulation
lrate was ca. 380-grains/cm=/yr, mainly consisting of Cyperaceae
and, Gramineae (each ca. 120 grains/cm3/yr). The Betula rate was
ca. 80 grains/cm2/yr. The SE11¥ rate was about 20

grains/cm®/yr. Other taxa have very low values. Picea pollen is

absent.

ZONE 2 (9.25 - 154 cm): The total pollen concentrations of
zone 2 vary from 2.9-5.8 x 10+ grains/cm’ except in one sample
at Fhe 100 ;m level which has a concentration up to 8.0 x 10+
grains/cm®. Total pollen accumulation rates vary from 0.74-
2.0 %.107 grains/cm®/yr. Picea values steedilj increase from a
few grains at the bottom to ca. 220 greins/cm’/yr et the top
with a large jump at 110 cm above which the values are three-
fold larger in magnitude than before. Alpus values vary from a
few grains to 70 grains/cm*/yr. Betula is the most dominant
taxon in this zone with values of 0.4-1.2 x 103 graing{cmzfyr.

Salix values fluctuate from absent to 30 grains/cm?®*/yr.

Rosaceae vary from a few grains to 50 grafns/cm’/yr. Juniperus
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values are less fhan 50 grains/cm2/yr. Artemisia is well
represented with values from abgent in a few samples to 28
gralns/cm®*/yr. Compositae values vary ‘from aSsen; to 50
gralns/cm?/yr. Gramineae are consistently greater than 150
gréins/cmZ/yr. Cyperaceae fiuctuate between 45 and 240
grains/cm’/yr; ﬁ!rioghxllum is well represented with vaiues
between ca. 10 to 100 grains/cm?*/yr, mainly around 20-40
grains/cm®*/yr. Sparganium values vary from a few grains to”is

grains/cm?®*/yr. Lycopodium, Dryopteris, and Eguisetum—type

~values fluctuate from absent to less than 40 grains/cm®/yr

~

represented.

ZONE 3 (82.5 - 92.5 cm): Total pollen concentration values
in this zone are about 3.4-6.6 x 104 grains/cm®, and total
pollen accumﬁlation rates are about 0.9-1.7 x 10°

gralns/cm2/yr, dominated by Picea and Betula pollen. Picea

values are around 270-520 grains/cm?®*/yr. Betula values are from

360 to 720 grains/cm®/yr. Alnus values have large fluctuation
between these two samples, from 10 to‘loo grains/cm2/yr. Salix,
Rosaceae, and‘Jun;Qg;us values are all less than 50
grains/cm2/yr. Artemisia and Composit;e values are between a
few grains and 50 grains/cm?*/yr, respectively. Gramineae and
Cyperaceae values are all éround 70 grains/cm?/yr. ﬂz;iggnxllgm‘
values dramatigaily decrease to less tﬁén 5 gralns/em®/yr, and
Séarganium exhibits an increasing trend. Dryopteris values are

around 15 grains/cm?/yr. Lycopodium and Equisetum-type are both
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betweeh 20'and 42 grains/cm*/yr. "Other taxa are not
continuously or significéétly represented.

ZONE 4 (35.5 - 82.5 cm): Total pollen concentrations in
this éone vary from 2.8 ﬁ 10* grains/cm® to 6.2 X 10+
grains/cm®. Total poIlen accumulation rates are from 0.62 x 103
to 1.7 x 10? gralns/cm®*/yr. Plcea pollen has its highest value
in this zane, and varies from 462 grains/cm2/yr to -986
grains/cm’/yr,“more than 600 grains/ch’/yr in @ost cases. Alnus
varies from a few grains to 55 graiﬁs/cm?/yr. ﬁetula values
have decreased, varying from 30 to 450 grains/cm2/yr. §g;i; and
Rosaceae are less important than before. Juniperus values vary
from 10 to 44 grains/cm®/yr. Artemisia disappears with the
exception of a few grains in the two bottom samples. Compositae
flﬁctuate between a few grains and 45 grains/chzfyr. Gramineae
values are between 20 and 240 grains/cm2/yr, with large
fluctuation., Gyperaceae values _are from 15 te 190
grains/cm?/yr, less than 100 grains in most cé%es. Myriophyllum
is less important than before, with only a few gzains/cm’/yr in
most cases. However, Sparganium has better representation than
before, varying from a few grains to 55 grains/cm2®/yr, and more
than 20 grains in most cases. Lycopodjum is lesé represented
than before, varying £from absent to 25 'grains/cm?*/yr.
Dryopteris values fluctua from a few grains to 40

grains/cm®*/yr where' present. EquisSetum~type has a better

representation than before, varying from 30 to 72 grains/cm®*/yr

’
r

»
K

/
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except one sample with a value of about 100 grains/cm?/yr.
Sbhagnum also has better representation with vglues from absent

in one sample to 16 gralins/cm®/yr, about 6 in most cases. Other

]
L}

taxa are not well represented.

ZONE 5 (0 - 35.5 cm): Total pollen concentration values in
zonels have obviously decreased and are cthiqtently around 2 x
10* grains/cm®, varying from 2 x 10* to 2.9 x 104 grains/cm5
with the exception of the bottom sapple. Total pollen
acgumulation'iates have also dramatically decreased, wvarying
from about 70 grains/cm®/yr to 350 grains/cm2?/yr, which are
only 10-20% of those in the zone 4. Picea is still a dominant

. ¢
taxon with values from 30 to 150 grains/cm*/yr, around 65

grains/cm*/yr in most cases. Pinus pollen occurs occasionally
‘with a few grainé. Alnus has also decreased to less than'10
grains/cm?/yr in most cases. Betula and Uunigerus values
markedly drop to a few grains/cm?/vr. Grémineae and Cyperaceae
decrease to 10-70 grains/cm?*/yr. All aquatic taxa disappear
from the pollen spectra. Other taxa are only a few grains where

present.

6.4.7 Numerical Analysis ,

The combined data set using selected pollen taxa provides
"the basis for numerical analysis. The results of PCA as
illustrated in fiqure 6.21 indicate that the first PCA axis.

accounts for about 24.4% of the total data covariance. Picea
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' .

has the highest positive loading on this axis, while Betula,
‘Rosaceae, Myriophvyllum, and@ Lycopodium have high negative

loadings. This résult reflects the relationship among these

téxé, where low Picea values are accompanied by high values of
otheis. Considerable negative scores of zones 1 to 3 samples
and moderate positive scores of zones 4 and 5 samples on the
first axis quqntitatively'defiﬁg this complementary relation.
" The sécond PCA axis accounts for about 14.5% of the total
covarlance. Betula has(the highest negative loaéing, while:
Gramineae, Cyperaceae, and Equisetum have h{gh positive
loadangs on this axis. This loading regimé accounfs for the-
sample ‘scores on this ak%is. The high‘positive score of the zone,
1 sample indicates the great representatiﬁn of Cyperaceae and
Gramineae and less importance of Bg;glg, Fluctuating scores of
samples from the lower part of zone 2 reflect the'balance of
considerable values of Betula, Cyperaceae, and Grémineae in
these samples.‘Nedative scores in the central péﬁt of the
profile broadly mirror the variation of Betula values, and
positive scorés of zone 5 samples reflect the rise of
- Cyperaceae, Gramineae; and Equisetum. The third axis accounts

for about 13.1% of the total information. Alnus and Dryopteris

have considerable negative loadings on this axis, and Artemisia
and Eguigsetum have positive loadings. Sample scores on this
axis basically reflect the complex relation among these taxa.
Considerable positive scores of zone 4 samples indicate the

importance/of Equisetym pollen in the spectra. On the fourth
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axis, which accounts for aqut 11.3% of the total data

covariance, Picea, Juniperus, and Sparganjum have high poéitive
loadings, while Salix and Artemisia loadings are negatiﬁe. High

positivq scores df zone 4 samples.show that Sparganium has its
best representation in this Zone. Sample scores on the fifth
axis which account for aboyt only 6.7% of the total
fnformation, are extremely varliable. Th?s result reflects the

relationship among the Alnus, Salix, Rosaceae, Juni erus, and

Eguisetum‘pollen repreéentation in the spéetra. The first five
axes in total account for more than 70% of the total data
covarlance, and the dlscard of other axes will not lose much of
the information.

As 1ndicated by the 1lengths of varlable vectors in the
result of the first and second PCB axes (Fig. 6.22) which
accounts for about 94% of the t&tal variability of the data
set, Picea, Betulé, cyperaqeae, and Gram;neaé are the four most
important taxa in the data set. This result is in common with
other profiles. Among these four major taxa in the data,sef,
Cyperaceae and Gramineae are most alike since the orientations -
of tHe two groups are similar. However, the relation between
this herbaceous group and Picea and Betula, is largely
complementary;, i.e. in negative- correlation. It is interesting
to note that the zone 1 sample is iéolated from éll other
sampleés, and exhibits a distinctive featdre closely related to

Cyperaceae and Gramineae vectors, indicating the importance of
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- herbaceous taxa in the pollen spectra. Zone 2 sahples are also
distinctive from other samples and closely_:elated to modexn
shrub-tundra samples. Zone 3 samples are between those of

-

modern shrub-tundra and forest-tundra spectra, due to their

high Betula and Picea contents. Zone 4 samples largely overlap
the modern spruce fégest cluster, which indicates that during
the zone 4 time interval thé vegetation in the area was similar
to that of a modern spruce forest. Departure of zone 5 samples
from the modern forest sample cluster is along .the direction of
Cyperaéeae and Gramineae vectors, which indicates that the

differentiation of zone 4 and 5 samples is basically caused by

the change of herbaceous values in the data set.

The result of CA as illustrated 1n figure 6.23 shows great
similarity to that of PCB. The first and second CA axes account
for about 66.2% of the total variability of the data set. -All
samples from different zones are perfectly grouped .and.-
distinguishable from fhe others. This similérity indicates the
high confidence of the results (Cordon, 1582), and high
stability bf the relations among the pollen taxa. Picea and
Salix are closely ielated to forest spectra, while Betula,
Lycopodium, and Rosaceae are better représented during the zone
2 time interval, or in the modern shrub-tundra environmeht.

Eguiggtum is closer to zone 5 samples,
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6.4.8 Reconstruction of Palecenvironment

Zone 1 pollen spectra resemble those of modern hérbacéous-
tundra samples (Livingstone, 1955; Ritdhie, 1974; Ritchie and
Lichti-Federovich, 1967)'and fossil herbaceous zone spectra
(Ager, 1975; 1982; Ritchie, 1982). High wvalues of Cyperaceae
and Gramineae pollen in the spectra and low values of selected
pollen ratios (Fig. 6.24) ;ndicate that herbs were the mo
important elements in the vegetation during this time interval.

Analysis of the dated peat sample at the bank of Tghgah River

(LV-1470, Geurts, 1986a) produced a similar hérb-dominated

[

pollen spectrum, which suggests that herbdceous tundra

prevailed in the area prior to 9,700-10,000 yr. P. Although
the Betula percentage is high enough teo indicaty 'wide spread
of . birch in the area, its relatively low pollen accumulation
rate suggests that birch was not an important element ih the
vegetation. Salix and Juniperus values suggest that these two

taxa were widely present in the paleqvegetation.

Pollen zone 2 represents a time interval during which the
area was covered by dwarf birch shrub-tundra from an
extrapolated date of 10,000 yr BP to about 8,000 yr BP. Pollen
spectra of this zone greatly resemble the birch zone pollen
spectra in the northern and southwestern Yukon LRitchie, 1%82;
Cwynar, 1982; Rampton, 1971), Northwest Territories (Ritchie
and Hare, 1971; Ritchie, 1977), Alaska (Livingstone, 1957;

Ager, 1975; 1982) and modern'pollen spectra from shrub-tundra
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'areas'of Alaska and northwestern Canada (Colinvaux, 1964;
Ritchie, 1974; Birks, 1973). Both percentages and accumulation
rates ind{cate that dwarf birch was the most important element
in the paleovegetation during this interval. High values of
Grgmineae and Cyperaceae in the lower part of the =zone,
hoﬁever, suggest fhat herbs were wide spread near the
depression; Moderate wvalues of Juniperus and Rosaceae,.cohmon
elements of modern shrub-tundra vegetation-landforh unit in the
area, indicate that those two taxa‘were common in the area.
Increasing values of the Betula vs Cyperaceae ratio (Fig. 6.54)
indicate. the change in relative importance between shrubs and
herbs along with the development of landform and veggtation.
Consistent and moderate values of Myriophyllum in this zone
suggest that the water level of this pond during the zone 2

time interval was relatively stable. Most modern shrub-tundra

spectra have Eonsiderable Picea pollen due to long distance
transportation. Extremely low values of spruce pollen in the
lower part of the zone suggest that spruce was absent from the
area until 8,600 yr BP. The first significant representation of
Picea pollen higher than 10% at 8,600 yr BP suggests the
invasion of spruce into the area. This conclusion is consistent
with the pollen records from other profiles in the area. Pollen
zone 2 was deposited during approximately the same time
iﬁterva} as pollen zone 4 in the Antifreeze Pond area. The

pollen spectra of these two profiles in this interval greatly
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resemblé each other, which suggests that a similar vegetation

pattern existed over a felatively large area.

~

Pollen zone 3 represents a short-lived interval during
which spruce forest—tuhdra occupied the area. Abrupt rise of
spruce pollen to more than 30% indicates the Qide distribééion
of spruce in the area. Betula was étill an important element of
the paleovegetation as suggesfed by its significant value. The
basic features of the vegetatipn'during this period are similar
to those preceding except for_the increase of spruce density

and decrease of herbs in the area.

Pollen zone 4 representé a time interval during which the
éentral Aishihik Basin was covered by a dense spruce forest.
This interval ranges from about 7,600 yr BP to 5,700 yr BP.
Gradual decrease of Betula and increase of Picea indicate the
replacement of the vegetation cover in the early stage of this
interval. High Eiggg_perceﬁtages and accumulation rates suggest
that spruce was the most dominant element in-the
paleovegetation. It is well shown by the results of PCB and CA
that the sample clust§r of zone 4 perfectly overlaps that of
the modern forest vegetation-landform unit, which indicates the
great rgsemblance between these two groups. This interval is
approximately the same age as the upper pollen zone 5 of thé
Antifreeze Pond profile, but the pollen spectra of these two

sites have distinct differences. The Antifreeze Pond area was
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covered by a spruce woodland with a high value of Betula
pollen. Records from Moose Depression have no such a high

representation of birch pollen, which in fact decreases qulckly

at the beginning‘of this interval. Meanwhile, Picea pollen

values in the Moose Depression profile are twice as high as
thosé from Antifreeze Pond. These differences probably indicate
that the vegetation during this time interval was somewhat
different in these two localities even though they are only 180
km from each other. The vegetation or the forest density was
higher in the central Aishihik Basin area than in the
Antifreeze Pond area. It is ﬁotable that Juni'erus, Rosaceae,
and Equisetum have considerable representation in this zone.
Usually the presence of tﬁese taxa in pollen records represents
an open habitat, therefore the forest interpretation may not be
relevant. However, tEese taxa may also represent a nearshore

community, as exists today in the area. The replacement of

Sparganium for Myriophyllum probably reflects the change of

water table of the pond which may suggest a shallowing trend.

Pollen zone 5 represents a time interval from 5,700 yr BP
to present during which the regional vegetation shows little
change from before. It 1is notable that Picea pollen values
decxrease abdut 20%, accompanied by a dramatic decrease of
absolute pollen acchmulaﬁion rates. Visual inspection and
empirical analysis of the pollen spectra of thié zone indlicate

that the decrease of spruce pollen is mainly caused by the
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Increase of Gramineae and Cyperaceae which are local eleménts.
Meanwhile, all aquatic taxa lose their pollen representation in
this zone, which suggests a sedimentary facies change by pure
palynological evidence. Results of sediment analysis'énd
organic content determinaéion suggest that the organic silt is
replaced by organic peat at 35 cm, which indicates a facies
change also. Therefore it is clear that the decrease of spruce
pollen is due to the change o0f local community without
variation of regional'J;getation cover. As a result of
overrepresentétion of boé—forming elements, i.e: Cyperaceae and
Gramineae, Picea percéntage was strongly suppressed. It is
possible to test this hypothesis by cbnstrﬁcting an AP pollen
bercentage diaqram (Fig. 6.25), on which several non-arboreal
taxa are also represented, as the percentage of a pollen sum
only includes arboreal types (Faegri and Iversen, 1575): On
this diagram Picea percentage shows n; obvious change from
before, indicating that local elements may have a strong
influence on the representation of regional pollen.rain.
Therefore great caution must be taken when interpretation of
such. a pollen sequence is attempted. Comparin§ the pollen
accumulation rate and pollen concentration data, it seems that
thé decrease of pollen accumulation rate is related to the
decrease of sedimentation rate. If the geneial input of pollen
grains to the sedimentary basin does not change, a decfease of

sedimentation rate should be accompanied by an increase of

pollen concentration rate. However, this is not the case in the
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Moose Depression profile. This result leads to the conclusion
that pollen acchmulation rates in peat bog sediments may not be
directly comparable to those in lacustrine sediments. As
proposed in.the'previoué chapter, lacustrine environments may
have larger accumulation areés than peat boga, which directly
influence the accumulation rates of pollen grains to the

sediments.

6.4.9 Summary and Conclusion ) ,
In summary, pollen profile XW-6 from Moose Depression in
the central Aishihik Basin provides palynological evidence for

the environmental evolution of the area during the post-glaciai

period. After the last deglaciation, a stagnant dead ice pond

on Ehe former proglacial Aishihik Lake terrace was surrounded
by herbaceous tundra vegetation. This vegetation cover was soon
replaced by a dwarf birch—dominated shrub-tundra at
approximately 10,000 yr BP, as happened in other localities in
northern environments. Spruce invaded the area at about 8,600
yr BP, and had its first dramaticn;ise at about 8,000 yr BP,
which indicates a forest-tundra environment existed in thg
area. The second jump of Picea pollen values at about 7,600 Yr
BP marks.the establishment of a spruce forest environment in
fhe area, which has been stable until the present. A

sedimentary facies change at about 5,700 yr BP has been

documented by pollen records as well as sediment analysis.

‘0
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Since then the cored depression has been a marsh to peat bog

environment.

It is well documented by the ﬁollen records in zone_4 and
zone 5 that local vegetatién elements can strongly suppress the_
repreéentation of regional pq;len rain if the sedimentary
enviroﬁment is favorable for such local and.ultralocal
elements. Change of pollen content can be caused, therefore,
not only by the variation of climate . or development df
vegetation sﬁccession, bﬁt also bf the development or variation
of local environments such as the closing of lakes or ponds and
developing of peat bogs. It is also concluded that pollen
accumulation rates determined from different sedimentary
environments suchlas peat and lacustrinelsediments.may not bhe

directly comparable.

-

6.5 Postglacial Paleoenvironmental ﬁistory: Correlation and

Conclusion

Pollen records f£fxom the.central Aishihik Basin area
document a broadly similar environmental history to that of thé
northern basin and its vicinity. The great similarity of pollen
records between the sequences makes the correlation relatively
simple (Fig. 6.26). The initial vegetation cover in the centréi
basin was a typical herbaceous tundra which ended at about
10,000 yr BP and was followed by a birch-dominated shrub-

tundra. Spruce invaded the area between about 9,000 yr BP (XW-
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4) and ébout 8,600 yr BP (XW-6), which‘is approximately the
same as suggested by other pollen sequences. The different
spruce arrival times in the area seem to be éaused by
extrépolationior estimation of the dates. The error of
extrapolated dgtés could be larger than the time transgressive

event.

By about 3,500—7,600 yr BP the area was.ébvered by a densel
spruce forest. This conclusion is consistent with results from
the northern part of the basin, where an obvious spruce rise
was documented around 7,700—8,dOO yr BP. As discussed in the
previous chapter, this ‘event was somewhat earlier than that in
the Antifreeze Pond area. At about 5,900 yr BP the local
depositional environment changed from a pond to peat bog or
marsh in the Polecat Lake area, and shortly after or even at
the same tiﬁe at about 5,700 yr BP the pond of Moose Depression
was closeqralso. Previous study (Geurts et Dewez, 1985}
suggested that the Aishihik Pingo was uplifted after the

'establishment.of ceﬁ@fal Aishihik forest in the area.
Disturbance of sediments around 5,700- yr BP_ang spurious ?*+C
dates hgﬁe béen recorded from the Upper Mackintosh Creek area
{Beaudet, 1986), and change of sediment texture around 5,400 yr
BP has also been visible from the pollen profile at Williscroft
Creek (de Bastiani, 1988). These almost simultaneous events in

such a small area 'may not necessarily be a coincidence, but

A
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are proba"bly 'rela'ted to climatic change or other env‘ironment
fact'ors. | ‘ . |

3
General environmental conditions in th_é area seem to have
been stable i‘after 5,700 y:é BP as suggested by the pollen
srecord_s of XW-5 and XW-6. However, such a suggestion is not
possible in the Polecat Lake area due to the lack of pollen
records. Rampton (,1971')‘_has reported that the tree 1line
| advanced in "the Antifree‘z‘e_ Pond area at least three timeg
auring the last 5,700 yr BP according to the macrofossil
records. Such é variation.in vegetation cover, however, is not ,

“documented in the pollen recordg from the central- Aishihik

Basin, which is the same situation as in Antifreeze Pond area.



Chapter 7

Post-glacial Pollen Records in the Ittlemit Lake Basin
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7.1 Intreduction

Ittlemit Lake area is bétween the Aishihik Basin and
Ruby Range. balynostratigrapﬁic study of this area has two
purposes: 1) to £ill a large gap in theé gecgraphic coverage
of pollen records within the general study area, and 2) to
search for the relétionship between pollen records and local

]

environmental conditions since the site is situated in a

small basip at a relatively high elevation. Vegetation in

such an environment relies not only upon climatic conditions

but also upon geomorphologlcal.processés and landform.

The specific problems examined in éhis study include the
nature of vegetational changes over time and the relationship

between polleh records and environmental conditions.

7.2 g;gg‘oescriptlon and Present Vegetation

Samples of profile XW-7 were collected from a wet
peatland near the northwest end of Ittlemit Lake at 6§1°13'35"
N Lat., 137°12'53" ¥ Long., at an elevation of 1180 m.a.s.l.
(Fig. 3.1, 7.1). The’ core site is located at the southwest
end of a flat lowland near the north end of Ittlemit Lake. A
series of moraine ridges are scattered in the lowland area
and in adjacent gullies. On the southeast-facing slope of

northern bedrock peaks, extensive old channels and other

lateral structures of glacial activities are present.
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The present vegetation in the area 1s classified as a

sparse white spruce (Picea glauca) forest-tundra environment.

An obvious .vertical zonation of vegetation cover on the

northeast-facing slopes was observed. Forest-tundra on the

289

foot of slopes consists of 5% Plcea -glauca, 15-70% Betula -

glandulosa, 5-10% Salix glauca, and 15-60% Eticaceae, With

increased altitude, forest-tundra is replaced at about 1,220
m by high shrub-tundra which consists of about 60% Betula

glandulosa, 20% Salix qlauca.-and 15% Ledum groenlandicum.

Low shrub-tundra occurs at about 1,370 m and consists of

approximately 40% Betula landuldsa, 40% Salix glauca, and
15% Vaccinium sp. The shrubs in this zone are less than 0.5 m
high. Dryas tundra occurs above ca. 1460 m and qgélists of

60% Dryas hookeriana and 30% bare ground«"gompositae,

Saxifraqga sp., Betula sp. and Salix sp. are also present. In

] .
the lowland area, spruce forest-tundra covérs the well- -

drained glacial deposits, while an Eriophorum sp. wet

community occupies all wet ground. Betula glanduﬁosa or Salix

glauca patches occupy all mdderately drained areas. At the
core site, Eriophorum sp. covers about 80% of %pe ground,

Betula glandulosa patches exist only a few metresfaway from

the core site. Salix glauca and Potentilla fruticosa are also

present in the vicinity.



7.3 Sediment Stratigraphy

The sediments in this profile consist basically of
. organic peat with variable lithic content and humification.
White River ash grains are scattered above and below the 20

cm horizon. Extensive ice lenses occur between 40 and 43 cm.

At the 63 cm and 83 cm horizons, the peat becomes very‘

unhumified or woody with long fibers.

Beneath 131 cm, lithic material starts to increase. From
154.5 cm to 206.5 cm, the sediﬁents change to an organic silt
with extensive ice lenses between 177 and 180 cm and fine
sands between 182 and 185.5 cm. Fibric peat occurs from 206.5
cm down to an occurrence of coarse sand with arganic materijal

at 222 to 226 cm. Organic silt with ice lenses occurs between

226 and 234 cm, and fibric peat occurs between 234 and 238

cm. At the bottom of the profile, organic fibers with sand
occur from 238 to 240 cm. The detailed stratigraphy of this

profile is sketched on’the pollen diagram.

e S, e e e e e ——

A [

Four segments of the core were submitted for 1‘C'dates

to establishdthe absolute chronology of the pollen sequence.’

The stratigraphic positions of dated samples are
approximately similét,to the changes of pollen spectra so

that the chronology of events'reflecting‘environmental
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Table 7.1 *4C dates of profile XW-7

Lab number Sediment Interval 14C dates Material
UQ-1445 5.0-13.0 cnm 490 +/- 170 yr BP  peat
UQ-1444 68.0-74.0 cm 2950 +/- 100 yr BP peat
ua-1443 149.0-154:5 cm 5000 +/- 100 yr BP  peat
Q-1374 232.0-240.0 cm 8850 +/- 200 yr BP peat
- h‘
Table. 7. Sedimentation rates of profile Xw-7

Core interval

Time interval

Mean sedimentation

(cm) (yr BP) rate (cm/yr)
0.0 - 9.0 0 - 490 0.01837
9.0 -~ 71.0 490 - 2950 0.02443
71.0 - 153.0 2950 - 5000 0.03829 -
153.0 - 236.0° 5000 - 8850 0.02088
236.0 - 240.0 -8850 - 9031 0.02088

* Extrapolated




40 -

80 T

100

120

Depth (cm)

140

1604

180 -
200+

2201

490 +/- 170 yr BP
"+ 2950 +/- 100 yr BP

5000 +/~ 100 yr BF %

8850 +/— 200 yr BP4
3 ) [} 1 ! 1

Figure 7.2

1 2 3 4 5 & 7 8 9 1o
Age (X 1000 yr BP)

Relation of ;4C dates vs depth for

profile ¥W-7, Ittlemit Lake area

292



variation can be estimated more accurately. The results of

the dating are listed in table 7.1.

Sedimentation rates were determined using the relation
of the four *4C dates with depth (Fig.7.2). The results (Tab.
7.2) are used to determine aafdlute pollen accumulation
| rates.\White River ash however,'was not used in this proflle

because of its poor preservation.

Ice lenses in this profile are extensive and its
contents vary'throughout'the section. Therefore, a
modification of the sedimentation rates was applied follbwing

the method described in chapter 3.

7.5 Relative Pollen Frequency Diagram

~The results of pollen analysis are represented in a
relative pollen féequeﬁcy (pollen percentage) diagram (Fig.
7.3). Numerical procedures, i.e. CONZONE, CONISS, and
ﬁZONATION, were employed to zone the pollen éiégra& with a
data matrix of pollen percentagés including Picea, Alnus,

Betula, Salix, Rosaceae, Juniperus, Ericaceae, Gramineae,

Cyperaceae, Lycopodium, Dryopteris, and Equisetum, because of

their relatively abundant occurrence. Four major site-pollen-
zZones were recognized with zone boundaries at 40.0 cm, 76.5

cm, and 157.0 cm- (Fig. 7.3 and Fig. 7.4).
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ZONE 1 (157.Q cm - 240.0 cm):,ZéNE 1 is characterized by
high Picea and shrub pollen which are about 36-46% and 22-46%
of the total iespeﬁtively. Bétula is the most dominant shrub
in the pollen spectra with values around 20-30%. Salix values
are consistently around 2-5%, its.highes£ occurrence in the
profile. Rosaceae bercentages range from zero in one sample

to 6%, ga. 2% in most cases. Alnus is only occasionally

observed. Herbacequé pollen accounts for about 18-32% of the
" total pollen percentages with a hean of 24.5%..¢Cyperaceae are
the most abundant herbs with percéntages ranéing from 14.4%
to 25.6% and 17.9% on aéerage. Gramineae percentages are
consistently around 5%. Other taxa are not significantly
present. In the pteridophyte group{‘chopodidm_has its best
occurrende‘hpre in the profile with values around 4%.
Equisetum also-haﬁ its best océui{ence here with valués
\ between zero and 7.8%. -

]

-

ZONE 2 (76.5 cm - 157.0 cm): The most striking feature

of zone 2 is the rise of Alnus pollen percentage and high

values of Cyperaceae. Tree pollen, namély Picea, is ;ower in

N percentage¢khan before, varying froﬁ 19.4% to 34.4% with a
 mean of 26.3%. Shrub pollen variés from 21.7% to 54.0% of the

total pollen pefcentage with a mean of 37.7%. Alnus pollen
percentages rise fromllt at the_top of zone‘i to ;0.6% in

zone 2 with a mean 6£ 6.8%. Juniperus has its best occurrence

in this zone with values from zero in a few samples to about



1-2% in ﬁost-samples. Rosaceae decrease somewhat with valpes-

around 1.5%. The performance of other taxa, might suggest
further suhdividing of the zone into lower and upper parts
bounded at 130.3 cm (Fig. 7.3, Flg. 7.4). Although the values
of Salix and Gramineae decrease and Cyperaceae and Ericaceae

=
increase 1in comparison with, those 1in zone 1, Salix and

Cyperaceae percentages are higher ln the lower part of zone 2.

than in the’ upper part, while EEA?JQ_, Ericaceae, and

Gramineae values are higher in the upper part of the =zone.

Betula values vary from 11. 4% to 23.2% in the 1ower part and
o b

from 26.6% to 42.0% in the upper part with means of 17 3% and

23.5%, :espectively.'gg;i; values range from 0:24% to 3.9%
with a meah of }.0%'in‘the'lower part and from about 0 to
3;6% with a mean of -1.2% in the upper part of the zone.
Ericaceae values are less than 1% in the lower part while
conEistently around 2% in.the upper part. Cyperaceae are the
dominant taxoq in this zone hith very high values of ca.

27.0% in the upper part of the zone.-

ZO0NE 3 (40.6 cm - 76.5 cm): Picea values in zone 3 vary

“

from 13% to 31% with a mean of 22.5%. Alnus percentage is.
_ ’

'similar to before, ranging from 4% to 10% with a 7% mean.
Betula is more important in this zone with values between 42%

and 75% (54% mean)f Cyperaceae percenfaﬁes are very low,

ranging from 3.4% to 13% with a mean of 8.7%. Aall other taxa

*
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are not significantly represented 1n1this zone'and values are

- ¢

very low,

Zone 4 (0 cm - 40.0 cm): Zone 4 is characterized by a
ise of Cyperaceae and Salix percentages and qwd;cfease of
et alues. Cyperaceae vary from 10% to 32.5%, except for

one-samplé"a£ 3.3%. The mean i; about 20%. Gramineae values
are higher than béfore, especidlly‘in the top part of the
zone, where values rangé up to 11%1 The mean is around 4.3%.
Rumex occurs gxtensively in the top few samples with valugs
around 2.5%. Salix values increase in thig zone, from zéfo'in
one sample to 8183 as maximum, about a 233% mean. Betuia is

o

much less important, ranging'from 18.4% to 46.9%,Awith a mean

of 31.5%. Alnus experiences a large increase in wvalues in the

upper part of the zone,‘ranging consistentlylﬁrom 12-18%.

Pinus ~occurs irregularly in this zone; ranging from 0.4% to

1.8% in the first peak and from 1.55 to 4.4% in a second

peak. Picea values, however, are similar to before.

7.6 Absolute'Pollen Accumulation hates

The exotic.marker method was.employed to estimate the

absolute pollen accumulation rates (PAR) and the results are

illustrated in'figure 7.5. The accumulation rate diagram is

“divided into site-zones following the percéhtage diagram.
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ZONE 1l: The total pollen accumulation rate of 2zone 1
varles from 360 to 800 grains/cm?/yr, with a mean of about
520 grains/cm?®/yr, while the concentration value is 17 - 38 x
10® grains/cm®. Picea pollen accumulation rates are 143 - 366
grainsjimz/yr with a mean of about 220 grains/cm2/yr. Alnus
values vary from zero to 45 grains/cm?®*/yr, and the Betula
values are between 90 and 175 grains/cm?®/yr with a mean of
125 grains/cm?®/yr. Salix values range from 10 to 36
grains/cm® with a mean' of about 20 gréins/cmzfyr. The
Rosaceae values vary from zero as in the percentage diagram
to 56 grains/cm?*/yr with 'an ave#age of about 18
grains/cm*/yr. Gramineae average about 29 grains/cmszr,

while Cyperaceae fluctuate from 52 to 163 grains/cm3/yr, with

a mean of 96 grains/cmz/yr.'Eguisetum values vary from 0 to

54 grains/cm2/yr, avé:aging 14 grains/cm®/yr. Other taxa have

no significant occurrence or representation.

ZONE 2: The total pollen accumulation rate is around
1300 grain/cm=,yr, varying;frOm.SSO‘to 2500 grains/cm®*/yr,
which is about 2 to 3 times that in zone 1. Tdtél pollen
concentration a;so incfeaées but not as much as the pollen
accumulation rate, yary;ng from 11 X 10 grains/cm® to 75 X
10-= gfains/cm?.with a.meén.value of 36 X 102 gréins/cm’. The

pollen accumulation rates for most taxa vary 1ittie except

for B8alix, Gramineae, and Lycopodium which show relatively

obvious diffefences in the upper and lower parts of the zone.

I
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In the lower part of the zone, Salix values range from 4 to .

44 gralns/em®*/yr with a mean of 2§‘gra1ns/cm=/yr. Gramlneae
varnyrom 6 to 37 gralns/cmi/yr with a mean of 15
grains/cm®/yr. Lycopodium values are between absent in one
sample and 78 grains/cm2/yr with a mean of; 20 grains?émzfyr;

In the upper part of the zone however, Salix and Lycopodium

values are much reduced. Values of willow vary from zero (one

sample) to 52 grains/cm*/yr with a, mean value of about 15

grains/cm2/yr. Lycopodium only occurs occasionally. Gramineae

303

values are higher in the upper part of the zone than in the

lower part, fluctuating from 6 to 70 grains/cm2/yr with a

‘mean of 30 grains/cm?®/yr, which is approximately twice as

much as found in the lower part of the zone. Picea.values

vary from 164 grains/cm®*/yr to 820 grains/cm2/yr through the
zone with a mean of about 360 grains/cm?®/yr. Alnus values

range from a few grains at the top of zone 1 to about 258

grains/cem®*/yr with a mean of about 90 grains/cm?®*/yr. Betula

values range from about B0 to 790 grains/cm*/yr with a mean
of 335 grains/cm?/yr. There 1is no obviocus difference in
Betula.valués between the upper and lower parts of the zone
which provides?a discrepancy with the relative pollen
' frequency. Other éhrubs, namely Rosacese, Juﬁi erus, and
Ericaceae, range from a few grains to_sgveral‘tens of
Qrains/cm’/yr. Cyperaceae values, like Betula, also show no

difference between the lower and upper parts of tﬁé zone.

Values range between 110 and 792 grains/cm®/yr with an



i
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exception of 1,213 grains/cm2/yr at the 145.5 cm level. The

mean value of Cyperaceae is about 436 grains/cm2/yr. The’

values of other taxa range from a few to several tens of

grains/cmz/yr.where present.

Zone 3: Total pollen concentration in this zone varies
between 9 X 102 grains/cm® and 74 X 103 grains/cm®. The total
pollen accumulation rate varies from 250 to 2100

from 120 to 650 grains/cp*/yr. Alnus values vary between 20

grains/cm*/yr. PRicea value? are lower in this zone, ranging

and 160 grains/cm®*/yr. Betula values are extremely high,
rangingwfrom 270 to 1326 grains/cm®*/yr. Both Gramineae and
Cyperaceae values are low in comparison with their values in
Zone 2. Other taxa are not=significantly represented.-

Zone 4: Totalxpollen accumulation rate in zone 4 |is
about 250 - 2500 grains/cm?/yr, averaging 930 grains/cm2/yr.
Total pollen concentration is around 1.7 - 8.8 X 104
grains/cm’. Picea’' values show little difference from before.
Eiggg values vary from a few grains to 40 grains/cm?/yr where
p;esent. Alnus values are as high as 250 grains/cm=/yr.
Betula values are significantly lower than before, varying
from 82 to 466 grains/cm2/yr. §g;i3 values are up to -33
grains/cm?®/yr. Gramineae values increase iﬁ this zone to
about 30 grains/cmzlyr. Cyperaéeae have higher values in the

lower part of zone, varying from 135 to 430 grains/cm2/yr,



but lower values in the upper part of the zone (about 50

graihs/cmz/yr). Other taxa are less important than those

stated here. '

+

"7.7 Numerical Analysis

The results of Q-mode PCA (Fig. 7.6) provide useful
information. The first five pPrincipal component axes account
for more than 71% of total covariance of the data set. On the
first PCA axis, which accoﬁnts for -about 22% of total
covariance, Betula haé the largest negative value reflecting
the dominant nature of bir&h pollen in zone 3 and relatively
high values in zone 4 and the upper part of zone 2 (Fig.

7.4). It also explains the negative values of principal

305

component scores of samples £from these parts of the profile

in the first PCA axis. This pattern is also the reflection of

the consistent occurrence’ of Alnus pollen from the base of

zone 2 where values quickly rose and stabilized. Alnus is the

el

second taxon which has a high negative value on the first PCA
axis. On the other hand, none of these 12 taxa has a
comparable positive loading (>0.4) bn-this axis which makes
interpretation difficult. However, moderate positive loadings

of Lycopodium,. Rosaceae; Picea, Gramiheae, and Cyperaceae

explain the positive sample scores of zone 1 on this axis,

.and explain the consistent occurrence and relatively high

percentage of those E% a (except Cyperaceae'which have

relatively low valugs hdre compared with other zones). In
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contrast with the first axis, Picea has the highest negatlive
loading aqd Cyperaceae haﬁe highest positive loading on the
second PCA axis. This axis accounts for about 17.8% of total
Var;ation. Salix is the second_%axon which has a "high
negative value, while 5rxopteris a;d Junigerus‘loadings are
also higher than 0.3. The-results seem to suggest that high

Cyperaceae pollen percentages are associated with low Picea

pollen or vice versa. High positive scores of samples in zone
2 and zone 4 reflect the high Cyperaceie pollen percentages.
It is worth noting that the consistent occurrence of

Juniperus pollen in zone 2 is clearly reflected in its

relatively high positive loading on the second PCA axis where
samples in this zone all have high positive scores. The third
PCA axis, accounting for about 12% of total covariance, has a
high negative loading (-0.43) fér Rosaceae and a high
positive loading (0.58) for Gram;ngae. As a matter of fact,
these two taxa have little‘signiffzéﬁze in the total pollen
percentége data, and thus, sample scores on the third PCA
axis providé no significant pattern. Fluctuating negative
scores may reflect the fluétuation of Rosaceae pollen
percentages, and high positive scores for the top four
samples in zone 4 reflect the high value of Gramineae in
these samﬁles. Although it only accounts for about 10.8% of
total covariance, the fourth PCA axis provideé interesting
information. Consistent occurrence of Juniperus pollen in

zone 2 is responsible for the very high negative ioading of
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-this taxon on the fourth axis, and explains the extensive

occurrence of negative scores of samples from this =zone.

Lycopodium has the highest positive loading (0.45) which

explains the positive scores of samples in the zone 1. Betula
also has a high.pdsitive loading (0.38) and is probably more
respoqsible for the positive séores of samples from 2zone 3
than chogodium. These Eour PCA axes account for about 63% of
total covariance in the data set. The fifth axis, which only
accounts for about 8.3% of totﬁl covariance, is not easy to
‘iﬁterpret since it shows the combined results of Ericaceae,

Salix, Alnus with positive loadings and Equisetum, Betula

with negative loadings. Positive sample scores in zone 4 are
probably due to Alnus and Salix, and negaéive scores in zone
1 related to Lycopodium, Low scores in zone 2 are more or
less related to the fluctuation and low value of Ericaceae in

the zone.

in suﬁﬁaryl'two conclusions can be drawn from the above
discussion and the PCA results. Firstly, PCA is a powerful
tool, as demonstrated here and in other sections of this
monoéraph, that can be used to illustrate the variation in
relationships between pollen taxa, and is sensitive to even
" minor variation of some low frequency taxa. This is typically
illustratéd in this study by the sample scores on the fourth

"

A ! :
PCA axis which reflect the consistent occurrence of Juniperus

pollen in zone 2 even if this taxon has only a very low



frequency in ,relation to the whole pollen data set. Other
multivariate analysis techniques are not sensitive enough to

show such a variation. In terms of the behaviour of different

taxa on different axes, the first four PCA axes in this study

might. be named as 1) the Betula -~ Alnus axis, 2) the Picea-

Cyperaceae axis, 3) the Rosaceae - Gramineae axis, and 4) the

Juniperus axis.

Secondly, the PCA results (as illustrated in figure.

7.6b), coincided quite weil,with the results of numerical
zonation procedures. In other words, the zone boundaries
defined in this study coincide well with the variation of

sample'scores on the first five PCA axes which account for

!
most of the information in the data set. This confi:ms the

zbning schedule in this study.

In comparison with PCA, PCB produces‘some different
information beyond the points obéained from PCA. The results
of PCB are shown in figure 7.7 which accounts for 78.3% of
the total ipformétiog, as measured by criterion C=z (a?pendix
E) as defined in Gordon (1982). The first axis of the
ordination accounts for 50.3% of the data variation, and the
second accounts for about 28.0%. It 1s clear that the most

important taxa .in this data set (in terms of pollen

percentages) are Picea, Betula, and Cyperaceae as shown by

the lengths of the vectors. The orientation of these three
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vectors creates an inferésting pattern, which suggggt that
these three taxa are essentially cohplementary to each.other,
or have.hegative corfelation. An increase of any one will
cause the decrease of the other two taxa. Gramineae, though
much less important, behave similarly to Cyperacéae, and are
complementary to Betula but have almost no relationship with
Picea ‘as suggested .by the nearly orthogonal vectors. §gl;§,
though having a low value, behaves sihilarly to spruce'as
demonstrated by the éame orientation of these two vectors.
Alnus, however, is complementary to Picea as suggested by its

vector orientation which is opposite to the Picea vector.

Comparing the results of PCB (Fig. 7.7) with the pollen

percentage diagram (Fig. 7.3) shows that the PCB results are

" in agreement with the distribution pattern of these taxa. All

samples in zone 1 form a cluster close to the forest-tundra

cluster of surficial sambles (Fig. 7.7). The most important
taxa associated with this cluster are Picea and Salix. The
second cluster or group of the samples is from zone 2, and is
loosely distributed in the direction of Cyperéceae vector.
This reflects the minér change of Cyperaceae pollen
percentage in the zone. Another taxon associated with this
cluster 1is a;ggg.'Two clusters of modern samples may be
associated with this elongated cluster: wet-meadow samples at
one end, and shrub-tundra samplés at the other. It lis clear
that the sample .cluster of zone 3 is spatially close to that

of‘the modern shrub-tundra landform-vegetation unit. The

L
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taxon which is most responsible for this resemblance is

Betula. Alnus also contributes and may be seen by projecting
‘the sampleé on-thié véctoi. Zone é seems to present a typ&
intermeaiate to the three previous zones. A few samples
overlap thebranges‘of the otherx th;ee zones. The_ most similar
modern samples are Fhose of shrub-tundra and forest-tundzxa.

vegetation-landform units. Betula, Cyperacede, and Alnus are

three impOrtant_bectors reléted to this pattern. Picea and

Kl

" 8alix are of secendary importance.

The results of CA, as illustrated in”é&gure 7.8, provide

¢

"a broadly similar pattern to that of PCB. The first axis of-

the: ordination accounts fpr 61.9% of the data information,

and the second axis accounts for 11.5%. The presentation of

. the ordination results on the'first two axes wili gather most
information of the data set (up to 73.4%), and discarding of
other axes will not lose m&ch information. The'similarity ot
PCB and CA results confirms the usefulness of both methods,
thu; providihg greater confidence iﬁ the numerical.#bsuits.

N However, a few minor diﬁfereﬁces do ex;st. Firstly,-samples
frbﬁ different zones or vegetation—iandfo;m ﬁnits are grouped

'mofe élosely 3n;ﬁhe CA results, which better displays the
§imiiarity within each group._Secondlf,.samples from the wet-

meadow vegetation-landform unit are placed far.away from the

> - . other groups. .The taxa responsible for this phenomenon. in
v

this combined data set are Gramineae and Egujisetum. This
I



L

314

b}
fy-yx% 97T301d ‘soxe

.\

Y . ,

winjasinby 31
sundodq 11
wurntpodoo4] 0f
arasesad i)
EL-EN TR
aeadmdlayg
snuradiunp
amanesoy

) . x1es
e[niag
snuy
waold

- OM~MO,

J 2U0Z = x
gowoz=o  ZI___ L

eaie . ayeT ITaciIII

¥y (Ie0T3IPA) PUODES pue AHMMCONﬂuosu 3saty suy uo _

by
sotdues usJrod [TSSOJ ,pue uIapoOU FO X

TIjeW R3IRP POUTQUWOD FO UCTIRUIPIQ

-0 (-

X

g aUuozZ=v
.poUOZ =+
kOmuﬂU.E JM =+
TIpUN}—qQOIYG = »
wlpun}-isalof =o
JE2d0{ =»

- 0'1

e

S

(2—M

o1e
T

a ; ;

%) T ‘vauy @y LINTTLLI



suggests that éhese two taxa are poorly represented in the
data set except in the-samples of the wet-meadow vegetation-
landform unit. A comparison of figures 7.4 and-é.z

demonstrates that.this'interprqfation is fully supported by

the behaviour of these two taxa. Thirdly, as illustrated in

———

figure 7.8, Juniperus correlates quite well with the samplg
cluster of zone 2, which indicates that this taxon is bettex
represented in the pollen spectra of zone 2. This feature is

not shown by PCB.

In conclusion, three different numerical analyses are
used in this study:.namely PCA, PCB, and CA, each of which
provides quéntitatively'interpretable informatiqn with
. diffefent emphasis based updn their own mathematical
principles. This information is essential to the réGOgnition
and differentiation of the dlagnostic characteristics of each
logg; or site pollen assemblage zone. Thus such information

forms the basis for understanding environmental history in

-

this' study.

7.8 Recpnstruction of Palecgenvironment

The evolutionary history of the environment in the

Ittlemit Lake basin during the last 9,000 radio-carbon years
is preserved within pollen records of profile XW-7. This
history may be divided into four stéges, represented by four

local or site pollen zones.
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Zone 1 (ca. 9,000 BP - gca. 5,000 BP): During this time
interval the Ittlemit Lake area supported a forest-tundra
vegetation in which Salix, Betula,‘and Rosaceae were

important components. High Picea percentage in this zone

seems to suggest that spruce arrived 'irn the area at least by-

- 9,000 yr BP which was the beginning, of this sequence. As an

B ‘ o . . '
alternative to this forest - tundra interpretation, high

Picea percentage in zone 1 may also suggest an open spruce

forest existed in the area during this time interval. Picea

- vs Betula and Picea vs Cyperaceae ratios which are

consistently higher thah 1.0, favour the open forest
interpretation (Fig. 7.9). However, Plcea pollen accumulation
‘rates in this zone are too low to support this'suggestion.
The results of PCB and CA simultaneously suggest that pollén
zone l is somewhat similar to modern forest—tundiauspectra.
It is interestihg to note the discrepancy of Pigea values
between the pollen percentage diagram and pollen accumulation
"rate diagram. Thig may éugqest that Pdicea pollen ig.mis-
represented on the percentage diagram. In this zone, PRicea is
the only tree taxon, andrhigh tree pollen percentages
compensate the low value of shrubs and herhs. In shrub taxa,
the Betula values are consistently arocund 20%. As previous
studies have ihdicated; dwarf birch is a prolific pqilen

producer, and in north Yukon and N.W.T., 2-3% dwarf birch

ground cover may cause 13-28% of Betula pollen in adjacent
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lake sediments {Riﬁchie, 1977, Table 6; 1982, Table 1; .1984a,
P. 135). Although the pollen records recovered from lake
sediments and peat may not be directly comparable (Ritchie,
1974; Birks, 1977} Kay and Andrews, 1983), these figures may
give a rough estimation of the Betula pollen‘represe%tatioﬁ
" factor in general. The value of Betula percentagé in this
zone suggests a moderate ground cover of dwérf birch in the
area from about 9,000 yr BP to about 5,000 yr .BP. In contrast
to the overrepresentation of Betula pollen, salix is usually
underrepresented regionally (Farley-Gill, 1980)}. Three to
four percent willow polléﬁ in the pollen épectra has been
considered as evidence of the presence of this shrub at the
sampling sife (Janssen, 1966). Thus, the consistent
occurrence of Salix pol}eﬁ—with a value around 5% is ;
‘significant representation of this zoogamous taxon, and
indicates tha{ willow occurred widely in the area during the

zone 1 time interval. Rosaceae, requiring an open habitat, is

another taxon with significant representation in the pollen
Pais:

ur

.spectra. As the result o€ low pollen production within the
shrub and herbaceous community, consisting of téxa’such_as
Salix and Rosaceae, Picea pollen may be strongly
overrepresented. This may explain the discrepancy Dbetween
Picea pollen percentage and pollen accumulation rate.
Thereforxe, én interpretation of open phase forest vegetation

for pollen zone 1 is misleading due to the strong
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overrepresentation of Picea pollen percentages, Whilé a
forest-tundra reconstruction ls relevant.
*
Zone 2. (5,000 yr BP - 3,000 yr BP): A discrepancy again

apﬁears in the pollen curves of Picea percentages and

accumulation rates. A decrease of the Picea percentages in
zone 2 from zone 1 contrasts with an increasing pollen
accumuelation rate. Maapwhile, an increase of the Betula
pollen accumulation réte‘occurs while its peICentages remain

the same. Also, the rise of Alnus and Cyperaceae pollen

percentages are simultaneously accompanied by the increase of

pollen‘éccumulaiion rate. As the result of most taxa
increasing their accumulation rates, total pollen
accumulation rate increases 2 to 3 times higher than before.
The most striking feature in this zone is the great increase
in the Cyperaceae percentages and the rise of Alnus and
Juniperus. Selected polleﬁ ratios (Fig. 7.9) also show this
increase of Cyperaceae. Although ZOné 2 falls into the same
time range as pollen zone & at Antifreeze Pond about 210 km
northwest of the Ittlemit Lake (Rampton, 1971), the pollen
spectra in those two sequences are not very similar. Clearly,
pollen.records in lake deposits may be quite different from
those in peat. However, both sites have comparable Picea,
Betula, and Gramineae percentages. The prime difference
relates to the Cyperacéae curves, i.e., there is mu;h higher

representation of Cyperaceae in the Ittlemit Lake area. The



., increase in Alnus pércentages occurred at Antifreeze pond
about 5,700 yr BP, about 700 years earlier than at Ittlemit
Lake. Although the vaiues at Antifregze Pond are much higher
than that at Itflemit Lake. Other differences‘include greater

representation of shrybs such as Juniperus and Ericaceae in

the Ittlemit Lake area. Although zone 6 at Antifreeze Pond.

was described as a spruce forést, this interpretation is not
applicable to the Ittlemit ﬁake area. The consistent
representation of Juniperus . pollen in‘thi; zone  indicates
that an open habitat existed in this area since this taxon is
unable to persist in shaded environments (Ritchie, 1984b).
Surficial pollen investigation in_southwesterL:Yukon
(see chapter 4) and Coppermine Valley (Geurts, 1983) indicate
that Picea pollen in forest samples should be higher than 40-
50% in moss polsters. It is relevant to interpret the pollen
spectra of zone 2 as a forest-tundra vegetation with shrub
components differing from those in zone 1. Salix, Rosaceae

and Gramineae were apparently less‘important than before. A

limited population of Alnus prdbably invaded the general area

about 5,000 yr BP. At first, Juniperus, then later, Ericaceae
became rmpoftqpt components of the vegetation. Although a
slight Hecrease'of spruce pollen percentage‘was recorded,
Picea might have a larger population or more efficient pollen
pioduction than befqre as suggested By the increase of spruce

pollen accumulation rate in this zone. However, this change

320



in regional vegetation components was probably of limited

extent. Within a general background of regional (PRicea) and

iocal (shrubs) components, peat-forming taxa, mainly
Cyperaceae, changed significantly. The‘increase'of.Cyperaceae
by about 20% indicates a deterioration of local drainage
conditions or an increase in soil moisture at the sampling
site and vicinity. This expiains the similarity of zone 2
sqmples to wet-meadow samples on PéB results.

Zone 3 (3,000 yr BP - 1;900.yr BP): Pollen spéctra of
‘zone 3 are very similar to those of zone 2 except for the
remarkable decrease of Cyperaéeae and associated incredse of
Betula with a wvalue of about 30% in maghitude. Changes in
pollen accumulation rate 'follow the change in percentage.
This resemblance between perxcentage and accumulation rate

data implies a real change of pollen rain composition.

. Decreased Picea vs Betula ratio and increased Picea vs

Cyperaceae and Betula vs Cyperaceae ratios directly

illustrate this change (Fig. 7.9). Since Picea values show no

obvious difference from before, it is concluded that "the
regional vegetation component did not change significantly.
The only variation occurred in zone 2 wheh changes in 1local
Qegetation components probably reflected the modification of
drainage cr moist conditions at the sampling site and its
vicinity. The area was still under 4 forest—ﬁund?a

environment as before. Similar pollen spectra have also been
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found in zone 3b at Mackintosh Creek-HB1 diagram (Beaudet,‘

1986) and upper zone 3b of Birch Lake Core II (Ager, 1975).
The former has been interpreted. as a forest-tundra
enviroﬁment, and the latter a part of Middle Tanana Vﬁlley
forest. However, it must be kept in mind that the bireh
pollen in Middle Tanana Valley was considered to be from tree
Betula compared with the dwarf birch of the Mackintosh Creek
and Ittleﬁit Lake areas. It is not surprising that pollen
spectra of zone 3 are similar to those of modern shrub-tundra
samples as suggested by the results of PCB and CA, if the
vegetation patterns in the investigated area are kept in
mind. With the general spruce forest to forest-tundza
vegetational environment in southwest Yukon, Picea pollen
from a modern_Betula-dominated shrub—tundra'vegetationf
landform unit is stfongly overrepresénted. However, due to
the lack of such an Qverrepresehtation of spruce pollen at
zone 3 time, strongly represented Betula pollen. overwhelms
the other taxa.and is responsible for the resemblance between
the zone 3 samples and' those of modern shrub-tundra on, the
PCcB and CA results. Therefore, the analog approach when
comparing modern and fossil pollen .spectra must be used with
great éagtion, especially when numerical analysis 1is

undertaken.

2one 4 (1,900 yr BP - presenﬁ){—Pdlien zone 4 is

characterized by an abrupt rise of Cyperaceae followed by a

J
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smooth decline and simultaneous decrease'of Eetula.'However,
~this decline of Betula 1; basically caused@ by the abrupt rise
of‘Cyperaceae. In general, vegetation in the area was similar
to before and typical of a forest-tundra environment. The
components of this vegetation, however, héve undergone a

modification by slight replacement of certain local taxa.

Increased Cyperaceae in the 1lower part and Rumex and

Polygonaceae in the top part of the zone reflect thé changes

in local moisture conditions, and that wet ground at the

sampling site existed from approximately 1,300 yr BP. Salix

scrubs increased in distribution shortly after the beginning
of this wet episode. Both percentage and accumulation rates
of Alnus increased after about 800 yr. BP, indicating either
anvincrease in distribution density of this taxon in the
area, or more efficient Qgi}en production.reflecting
favorable climatic or ecological conditions. The
discontinuous occur;ence of Pinus pollen in the profile is
apparently exotic as suggested by low values. However; this
discontinuous representation,ﬁollowin; the deposition of
White River ash 1is a common feature in the area and is
especially interesting. This feature and associated

implications will be discussed in a specific section in

chapter 9 with reference to regional correlations.

7.9 Summary and Conclusion
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The pollen records provided above present a clear
picture of changing local environmental conditions in the

Ittlemit Lake area over the last 9,000 radiocarbon years.

The pollen sequence suggests that spruce arrived in this
area at least 9,000 yr BP. This suggestion is supported Dby
both percentage and apcumulatiqn rate data. During the
intervél betwéen 9,000 and 5,000 yr BP, the area. was cpvered

by a sparse Picea - Salix - Betula - Gramineae forest-

tundra vegetation. Low production and preservation of Salix

and herbs pollen caused a severe exaggeration of Picea pollen
percentagé in the recor@s and therefore created a discrepancy
between percentage and accumulation rate data. By 5,000 yr
BP, local environmental change creéted a different habitat
for this forest-tundra vegetation cover which primarily
affected the iocal taxa. The importance of S5alix, Rosaéeae,
and Gramineae 1in the vegetation decreased. Cyperaceae,
Junigeruéh and Ericaceae became more important. Increased
accumulation rate values for many taxa suggest an
amelioration of the pollination environment for rost Plants
in the area. - Alnus invaded the general area shortly aftér
5,000 yr BP. Rise of A;ﬁgg pollen in both percentage and
accumulation rate data in the middle Holocene .is a common
feature of many. pollen sequences in northwest North America
(Ritchie, 1984a; 1984b; Rampton, 1951; Ager, 1975; Matthews,

1974; Hacdonald, 1984; etc.) However, this event occurred

e
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about 1,000 to 2,00qq?ears later in the Ittlemit Lake area
than the other places. Beginning afound 3,000 yr BP, a
Betula-dominated local community replaced the previous
Cyperaceae-dominated one, causing a changé‘of shrub
constituents in the vegetatlon This Betula-dominated forest-
tundra phase lasted for about 1,100 years and was replaced by
the Cyperaceae~dominated community again around 1,900 yr BP.

Associated with the increase of Cyperaceae, 8alix befame more

important than that before. Gramineae and Rumex also

increased somewhat about 800 yr BP. A further increase. of

325

Alnus, associated with an increase of Pinus pollen,.occurredﬁg'

at about 500 yr BP, which corresponds to the advance of
glaciers in the St. Elias mountains, However, the regional
forest-tundra environment has not changed significantly

during the last 1,900 radiocarbon years.

In terms of the climatic implications of the information
e#tracted from this seguence and relatéﬁ datg, it is
essential to realize the complexity of the relationship and
interaction between climate and vegetation. A change in
vegetation can result from any one of a number of climatic
~and other environmental variables, and it is difficult to
determine which parameters produce what chéhge (Ager, 1975,
P.- 48). Moreover, this difficulty is complicated by the

complex relationship between actual vegetation and pollen

records. The climatic interpretation of pollen spectra



therefore reliles highly upon present-day knowledge of the
ecological requiremenfs and pollination behaviour of the
plahts involved. Previous studies (Walter, 1973; Budyko,
1974) indicate that the amount of soil moisture is more
critical than the amount of precipifation which falls. This

is particularly important in the permafrost regions overlain

by a thin active layer (Ager, 1975) as occurs at the Ittlemit

Lake area. The diagonal line in the second and fourth
quadrants in the first and secohd PCB and CA axes plane (Fig.
7.7 and 7.8) shows'a gradient of moisture conditibns of the
ground while the line crossing thélfirst‘and'third guadrants
indicates a gradient of vegetation density.referring to
modern surficial samples. By a 45° rotation of the first and
second.CA axis, all stratigraphic samples can be projected on
these two dﬁagonal lines orx new‘axes which represent the
density of vegetation cover and the moisture condition
respectively (Fig. 7.10}. It must be kept in mind that the
values obtained by this rotation are'- only the rotated
coordinates, not a direct measurement or index. The positions

of samples from zone 1 on the vegetation density axis,

however, give a false impression due to overrepresentation of

Picea polfen ih the percentage data set. In gene;al, zone 1
is a time interval over which'a moderately low moisture
condition existed at thersampling site. This inEerpretation
is consistent with the early Holocene warm model developed in

north Yukon (Ritchie, et al., 1983). From 5,000 yr BP to
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3,000 yr BP, very wet conditions deveioped with a vegetation

density similar to_present, The increasing pollen
adcumulation rate of Picea suggestssa relatively codler
thermal condition deveioped. This may have raised "the
permafrost tablé leading to a lifting of the grpundwater
table. Zone 3 was a timg interyal characterized by a very low
vegetation density in a very dry local environment, while the
next episode; zone 4, was a moderate to wet period with a

Paiand

slight 'denser vegetation cover.

In conclusion, pollen records from a relatively high
elevated peatland environment can be used to reconstruct past

vegetation and other environmental conditions such as

8
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paleoclimate in the area. However, the impact of local -

enriched taxa on the total pollen spectra must be considered

when interpretation is carried out. Pollen spectra from

peatland are sensitivq to wvariations in local components

-

which may be caused not oniy by- variations in.climate and

sﬁgcession of vegétation, but also by changes in other
environmental factors such as local drainage or soil moisture
conditions. Therefore, this kind of data can prévide
"important information for the reconstruction of the

evolutionary history of local environmental conditions.



. \\\ "~ . Chapter 8

Postfglacial Pollen Records in the Bear Lakes Area
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8.1 Introduction

‘The Bear Lakes area igblocated at the eastern border of

Ruby Range (Fig. 2.1). Palynological investigation in this

a;ea £ills a large‘qgographic gap since no such an effort has
been carried out previously to this study.

Organic deposits above the glacial drift afe normally
very shallow in the Bear Lakes area, therefore a narrow
sampling interval is reguired to obtain detailed information
concerning the paleocenvironment. 1In Quafernary pollen
analys}s, narrow sampling interval has been employed
prevf&ﬁgiy for detailed study of palecenvironmental history,
and "fine-resolution pollen ahalysis, referring to studies in
which the fime’represented by the interval between adjacent
sediment samples is significantly less than traditionally
used, has - been attained in several studies" (Green, 1984).
éarbett et al. (1984) rgported‘a technique utilizing 1 mm

Q%ampling intervals, constituting a true "fine-resolution
analysis". Several 1argef sampliﬁg interval apprcaches have
also been reported. For instance, Nichols et al. (1978)
proposed a 1l cm sampling interval to trace the palynological
evidence of paleowinds. In this sfudy a sampling interval of
1 cm was chosen to extract as detailed information as

possible.



8.2 High Bog, Bear Lakes Area (XW-8)

8.2.1 Site Description and Present vegetation

The profile XW-8 was collected as a ménolith, using a

plastic tray, from a peat bog at the eastern edge of Ruby

Range (Fig. 1.3, 8.1). The section site -is located at
61°16'47" N Lét.'137°41'07" W Long. with an altitude of 1615
m.a.s.l., The sampled peat hog is ﬁeéeloped in a flat area on
the northeast-facing élope of an unnamed creek which drains

eastward into Sekulmun Lake.

I3

The present vegetation of the area is a Betula

glandulosa-dominated shrub-tundra with abundant Eriophorum
sp.‘and Ericaceae. Potentilla fruticosa is preéent in the
area. A few spruce in krummhelts status without cone
productivity exist in the area also. No trees were observed
during one summer field in?estigation in the vicinity of the

bog.

8.2.2 Sediment Stratigraphy

From the surface to 21.0 cm is organic peat, with White
River ash grains scattered between 8.5 cm and 10.5 cm. From
21.0 cm to 24.0 cm the sediments are organic‘peat with a
small‘propdrtion of sand and gravel. Light brown silt occurs
from 24.0 cm to 26.0 cm. The samples were collected in a

plastic tray as a monolith which was terminated at 26 cm
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—~— Conlour (500 feet interval)
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Figure 8.1 Map of the Bear Lakes area showing

]

fossil pollen sites and topography
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Table 8.1 *4C dates of the Profile Xw-8
Lab Number Sample Interval 14C date
UQ-1448 * 2, 5.5 cm Actual peat
UQ-1447 6. 8.0 cm . 920 +/- 140 yr BP peat
8. 10.5 cm 1230 yr BP ash
UQ-1446 19. 20.0 cm 3900 +/- 100 yr BP peat

Table 8,2 Sedimentation rate of profile XW-8

Sediment interval

Time }Eterval

Mean sedimentation

(cm) {yr BP) rate (cm/yr)
G.0 - 7.0 0 - 920 0.,00761
7.0 - 9.5 920 - 1230 0.00806
9.5 - 19.5 1230 - 3900 0.00375
19.5 - 26.0 > 3900 0.00375

*

* Extrapolated
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level due to the occurrence of big blocks. The monolith waé

subsampied in the laboratory in 1 ecm intervals and 26 samples

were obtained and analyzed

8.2.3 *4C pates

Three segments of the monolith were submitted for *+C
dates. The stratigraphic positions of the dated samples were
chosen to appfoximate the occurrence of Qpecial phenocmena in

the pollen spectra. The results are listed in table 8.1.

[
-

Among these three dates, UQ-1448 (actual) seems to be
misdetermined. Because this sample is near the surface, it is

considered that ground water movement may have contaminated

1

the sample. Therefore, only two 24C dates, i.e. UQ-1447 and

UQ-1446, and White River ash Qere used to calculate the
sedimentation rates (Téb'872) according to the relation of

+4Cc dates versus depth (Fig. 8.2). :

8.2.4 Relative Pollen Frequency Diagram

]

The results of pollen analysis are represented in a
relative pollen frequency diagra@ (Fig. 8.3) and a pollen
accumulation rate diagram (Fig. 8.4). Following the metﬁod of
the previous chapters, the pollen percentages of 11 taxa are
included in the data matrix for the numericél zonation

procedures: Picea, Pinus, Alnus, Betula, Salix, Gramineae,
Cyperaceae, Lycopodium, Dryopteris, Equisetum, and Sphagpum.

N\
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All procédures, CONZONE, ZONATION, and CONISS, suggest thtee

site—pbllen zeones (Fig 8.5}, bounded at 5.0 cm and 21.5 cm.

ZONE 1 (21.5 cm - 26.0 cm}: This zone is'characterized

by the high percentages of Betula which consistentiy-Vary.

from 50.0% to 55.5%. Salix percentages are between 2.2% and

5.8%. Other shrubs are not consistently represented, and all

are less than 5% when present. Picea pollen percentages vary
around 8% except for one occurrence of 15% in the bottom
sample. In the herbaceous and pteridophyte group, Cyperaceaé

are the most abundant group, énd vary from 17% to 26%.
‘/ ) .

Grémineae,values range from zero in the bottom sample to 3.5%

at'tﬁe top of the zone. Other taxa are not éonsisténtly

represented.-The total tree polien percentages are 7.6-15%

" ' and herbacebdus are 22-33%, while shrubs account for 59-68% of

G-Q\\
the total. S

N

ZONE 2 (5.0 cm - 21.5 cm): Tree pollen has an’ obvious

increase, ranging from 17% to 42%, and is mostly Picea. Pinus
N . '

occurs sporadically with a small peak at the top of the zone

varying from 2% to 4%. Total shrub pollen percentages

2

341

decreased_cohside;ably, ranging from 17% to 52%, mainly due

to-the-decrease of Betula pollen. which varfes from 12.6% to'

42%. Alnus valués, however, have a well-marked increase at

the bottom of the zone and range ffom 0 in the bottom sample

LY - -

"to 10%,.higher than 4% 1in ﬁost cases. - Qther sh;ubs ‘have no

NS



significant representatioh. ﬁefbaceous pollen values are
moderatély highef than in zone 1, g;nging from 23% to 57%.
-Cyﬁeracéae are the most important herbaceéus taxa, ranging
from 21% to 56%. Gramineae do not have much importance ‘in the
« -zone, only around 1%. Other herbs are all less than or around
1% when present. PtéridOphytes:ére élso not significantly

represented.

ZONE 3 (0 cm - 5.0 cm): The most striking feature of

this zone is the increase of Betula percentages and decrease

of Cyperaceae values. Betula_values.range from 49% in the
béttom sample to about 62% in the others, wh{ch bring the
total shrub pollen values up to 52-70%. Alnus values show no
significant variation since the first rise at the base of the
zone-2.70ther shruﬁs are not significantly represented;
Cyperaceae valuég féngg from more than 30% %n tﬁe upper par£
of—zoqg%? down to 6.7413% in zone 3, rxresulting in a decreas%
in total H%rbaceous pollen vglues of 11-20.7%. Gramineae vary
from aﬁdut 1% to 6%, more thén'Z%fin most'tases. Total tree

‘pollen values decrease to 16.6-26.5%, mainly .due to the

decrease of Picea. values which range from 14% to 22.6%. Pinus

pollen is well represented beginning in upper zone 2 at the 7
cm level with yalues varying from 1.7% to 4%, is absent at

3.5 cm, then reappears with proporEions around 1.2-27%.

T
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v ‘ '
B.é.g Absglute éollén Accumulation Rate
Abéélﬁte.pollen—éccumulatibn rate was determined using
the exotic‘marker'method (chapter 3} and the results are
p;ésented in.figure‘8.4.ﬂThe diagram is subdivided into three
Eﬁnes following the 2zone definition of the relative pollen
frequency diagram.
. ‘
Pollen accumulation rates in zone 1 have a distribution
pattern similar to the pefcentages. Betula is still the
dominant taxon in the pollen diagram with values around 55-
100 grains/cm?/yr. Salix values are only a few grains per
square centimetre per year. Cyperaceae values are around 17-

44 grains/cm3/yr. Other taxa are not significant.

Pollen accumulation rates in zone 2, howeﬁer, have a
different pattern from that of the percentage diagram. Even

with a 20-30% decrease in the percentage values, the pollen

accumulation rates of Betula aﬁe.still considerably higher,

than thosgiin,zone 1, and”are'mg;g‘fhan 110 grains]cmz/yr-in
mast sahples. Picea values'afe;consistently OQer 80
grains/cm?®/yr and greater than 100 grains/ cm2/yr in most
cases. Alngi_vélués are consistently greater than 20
grains/cm=®/yr 'in most Eases, with a maximum of 50
grains/cm?*/yr. Cypéréceae were the other major pollen
producer along with Picea and Betula with values more than

100 grains/cm®/yr in most case. Other taxa are not

343
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significantly represented. The total pollen accumulation rate

values are 190—70d grains /cm?/yr. . Jg%

ZONE 3 has similar patterns of pollen accumulatlon rate
and percentage Betula values are significantly 1ncreased to
180-310 grains/cm*/yr. Alnus maintains .the values of zone 2.
‘Picea  values, however, decrease cons{derably to 40-~110
grains/cm2/yr. Cyperaceae values decrease to 33-50
grains/cmz/yr. PBinus valﬁes, as in the percentage diagram,
have better representation from upper zone 2 to zone 3 with a
gap at 3.5 cﬁ. The first significant peak occurs betweepn 7.0
cm and 4.0 cm with values around 10-20 gralns/cmz/yr, and the
second peak from 3. 0 cm to the surface with values around 6&-
ll‘ggains/cmz/yr. '

/

Y

\

8.2.6 Numerical Analysis
Analysis of a combined data set of selected taxa
- indicates that on the first PCA axis (Fig.8.86),, accountlng

for 21.7% of the total covarlance, Plcea has h19539051t1ve

_loading while Rosaceae, CYperaceae, chogodlum,”and”"

Dryopteris have high negative ioadings. As the result of this
".lbading pattern, zone 1 samples have high negatjye PCA scores
which indicates.that spruce pollen was not important in
comparison with the others until the beginning of zone 2. The

second PCA axis accounts for 17.7% of the total covariahce.

Eigga,'Graminéaé, and Equigetum have high positive loadings,

344
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while Alnus and Betula have high negative loadings. Positive
'scores of zone 1 samples seem to be related to the best
representation of Salix, Gramineae, and, the poorest

'representation of Alnus. Scores of zone 2 and 3 samples

primarily reflect the rise of Alnus at the beginning of zone*

2 and the high values of Betula 1n zone 3. The third axis
captures 13.4% of the total data variation. Betula, Salix,
Rosaoeae, and Lycopodium have high positive loadings which
erplains the positive scores of zone.1 and 3 samples.

Cyperaceae and Alnus have high negative loadings whlch

-,
L3

account for tne negative sample scores of zone 2. Other axes
are difficult to interpret due to the fluotuation of sample
scores.
~\ |

Results of PCB and CA are illustrated in figure 8.7 and
8.8, which accounts for 87.6% and 54.5% of the total
variation of the data set, respectively. It is notable that
the results of these two methods. show good agreement on the

first and second axes. As indicated by the length of variable

vectors in PCB, Picea, Betula, and Cyperaceae are the three

most important taxa in‘the data set. The relations among
these three taxa are complementary or negatively correlated.

Samples of d1fferent zones are well grouped without overlap,

I 1%
wh-iich 1mp11es that these local zones are no;:l&cally,

347

distinctive Zone 3 samples are clﬁfe to modern shrub- tundra

‘\)_ L4

samples, indlcatlng their 51m1lar1ty However ‘zones 1 and 2°
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samples have no dire&tly tomparable modern analogue in the
present data set. . :
8.2.7 Interpretation
-
This area is important for palynological’ investigation
because of its high‘altifude. It seems that before 4,000 yr

L ]

BP this area was covered by a very sparse shrub-tundra or

Asédge—tundra.'?iceg pollen is appareﬁtly exotic as suggested
by its low value. The discrepancy bétween‘the percentages and
accumulation rates of Betula indicates that dwarf biréh was
" not the major element in the palecvegetation in the area.
From 4,000 yr BP to ‘approximately 650 yr BP the sampling site
was covereq by a'wet ﬁéadow or mesic community dominated by
Cyperaceae. High value$rof both percentage and accumulation
rate of Cyperaceae favour such an interpretation. Although
the percentage value is decreased, increased aqcumulatiop
rate of Betula indicates that dwarf birch became widespread

in the area. Low percentage values of birch in pollen zone 2

350

is the result of suppression by Cyperaceae pollen. It is

intereéﬁing to note the Alnus pollen rise at 4,000 yxr BP
which is apparently exotic ‘in nature. Although the percentage
value of Picea is relatively high, its low accumulation rate

‘suggests that sﬁruce has never been there, and the pollen

records of Picea in the area are exotic. However, the rise of

Picea pollen at 4,000 yr BP reflects the regional development

of spruce forest in the lower altitudes of the region.

[



The first comprehensive occurrence of Pinus polleni'&tii

about 1,000 yf BP and the second peak at 400 yr BP atd'f‘

related to the migration of Pinus contorta into the southwest

Yukon Territory (MacDonald and Cwynar, 1985) and climatic

wt

variatiop (Wang and Geurts, 1987a).

Siﬁce about 650 yr BP the sampiing site has been covered
by a dwarf birch-dominated shrub community. The replacement
of Cyperaceae by Betula may indicate the charige of drainage
environment ox ground moisture conditions at the site. This
modification, however, may not be related necessarily to
change in precipitation but instead probably to the

development of landscape.

8.3 Bear Lakes Peat (XW-13)

B.3.1 Site Description

The section. was collected in an about 800 m=

consistent with the fegional pollen records. This pattern is;.

depression between two morainic .ridges near the Bear Lakes

- (61°16'05"N Lat., 137°37'49"W Long.} at 1143 m a.s.l.. The
glacial history of the area is not known in great detail. Ice

contact features and linear morainic sediments are widespread

throughout/the area. The surrounding topography is a complex



of linear morainic sediments and bedrock, with 1local relief
of approximately 300 m (Fig. 8.1). Between and surrounding

the morainic ridges, organic peat may be found varying in

depth from 10 to 40 cm, underlain by glacial deposité; The

section site was located in one of these small depressions.

8.3.2 Present Vegetation
: spruce forests occupy the lowland area. Low shrubs and

herbs with a few spruce trees commonly cover the depressions.

At the top of several high morainic ridges, a few Populus

tremuloides-groves were found. Altitudinal zonation of the
present vegetation is obvious. With increase in altitude, the
vegetation turns into sparse forest tundra and then tundra.

Betula glanduldsa is a very common shrub, but tree birch has

not been found in thé?urea for the past three field seasons.

8.3.3 Stratigraphy and Chronology

The stratigraphy of this-zk cm profile isﬂvery simple. A
conspicuous layer of White RiJ:; ésh, in ;andy facies, océuré
from 26 cm to 24.5 cm (the bottom of the section). @Pove the
ash layer, froﬁ 24.5 cm to the surface, peat deposits contain
éradational humification. Charcoal was identifigd inlthe
interval from 19 cm to 16 cm. Beneath the ash layer the

sediments turn into organic peat again. The permafrost table

 occurred. at 26 cm on 11 July 1986. ,-*‘?

A~
r
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| One peat sample from the intervai between 8 cﬁ and 9.5
cm was dated. However, the result is unaccéptable since the
date obtained (UQ-1431, 1,400 +/- 100 yr BP) is older than
the bottom of the section marked by the 1,230 year old White
River ash layer. This spurious date cogld be the result of
contamination caused by o0ld charcoal blown from adjacent
slopes, or contamination with old cérbon caused 5yrthe rise
of the groundwatéf table which may have transported humic
acid upward.lénother possibility associated with the concept
.of upward transportation of humic acid is the "cryosuccion"
{term used by Pissart, 1983) mechanism related to formation
of ice lénses, considered to be a broblem for radiohetrié

dating in periglacial environments. No carbonate material was

determined to be present in the sample since the sample did

not react with concentrated HCl. No palynological and

sedimentological evidence indicates redeposition. As the

result of the rejection of this older date, ittié assumed
only thé£ the surface of .the section represents contemporary
deposition, since the site is‘apparently still a depositional
environment. However, since the accumulation rate of peat may
vary, it is not safe to calculate po;len influx without

having other confident dates,

8.3.4 Relative Pollen Freguency
The result of pollen analysis is presented in.a relative

pollen frequency diagram (Fig. 8.9). Four local pollen ZOnes

Vo
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can be reé%gnized upon visual inspection aided by numerical
examination of the variation of pollen spectra (Fig. 8.10},
likely representing local vegetation chanée,; o

ZONE 1 (24.5 cm - 19 cm): The predominant taxon in this

zone is Picea, which is consistently higher than 21%. Betula
is generally around 13%, with one sample at the 21 cm level
at 35.7%. Rosaceae values vary from 0 to 22.6% and other

shrubs occur occasionally. Cyperaceae (6-21%) and Gramineae

T

ZONE 2 (19 em -, 15 cm): A minimum of 7% at base and \

(0-25%) are the most significant hexbs. L

gradational increase to 26% of Picéa pollen, as well as té;/
' {
occurrence of macro-charcoal debris in the sedimenbf \

characterize zone 2. Betula abundance is significantl}\

increased in drfson with zone 1, and constantly around

np

28%. Rosacea
-

from 6% to 14%. Gramineae percentages vary from 11% to 31%.
Cyperaceae percentages fluctuate more than before, varying

from 4% to Z3%.

ZONE 3 (15 cm - 8 cm):* PRiceg has an overwhelmfng
abundance in zone 3, vérying from 42% to 53%. Shrub pollen
shows a conspicuous decrease. The Betula abundancé has an
obvious decrease, varying from 4% to 10%. Rosaceae is still a

significant component in the pollen spectra, with percentages

is better represented than before, and varies '

-



varying from 3% to 24%. Alnus has more representation than

before. Ericaceae is well represented 1in the 1dwer part of
. 9

the zone, increasing from 4% to 8%. Gramineae and Cyperaceae

both are constant but less important than before.

ZONE 4 (8 cm - 0 cm): Two isolated peaks of Pinus and

high Picea abundance characterize zone 4. Picea percentage

ﬁumps from about 44% in the top sample of zone 3 to 76% in
the bottom sample of zone 4} ana varies from §2% to 79% in
the zone. Two small peaks of Eiggg abundance are evident at
the bottom (3 - 7%) and top (2 - 3%) of the zone. Rosaceae

experlence the mbst obvious decrease in the profile, from 24%

in the top Eample of zone 3 to 3% in the bottom sample of-

zone 4, and constantly less than 3% thereafter. Betula are

still low in abundanée, varying from 2% to 10%. Herbaceous

species also show a decrease in “abundance, especially for
Gramineae. Cyperaceae, however, experience an increase in
o«

abundance, particularly in the lower part of the zone,

8.3.5 Numerical Analysis N .

»

The result of PCA is illustrated i figure 8.11. The

first axis accounts for 29.7% of the total gata variation.

”
[

Picea and Pinus have high positive loadinés on this axis,

while Rosaceae, Gramineae, and Cyperaceae have high hegative
loadings. Sample scores on this axis demonstrate a

distinctive pattern which mirrors the variation of these
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taxa. Negative scores of zones 1 to 3-sémples indicate that
Gramineae, Cyperaceae, and Rosaceae have important
representation, while the score pattern of zone 4 samples

precisely reflects the variation of Pinus values. The secénd

axis accounts for 22.9% of the total data covariance. Picea

has high positive loading, while Alnus, Betula, and Ericaceae
have high negative loadings. As the result of Fhis loading
pattern, samples of zones 1 and 2 all have iow scores, and
_positive scores of zonesw3 énd 4 samples reflect the
increasing importance of Picea and.decreasé of Betula.
Ericaceae are responsiblé for the negative %ample scores in
the lower part of zone 3. The third axis; representiné'lq.S%
of the total data va:{ation, reflects the complex relation
among Cyperaceae, Rosaceae, and Betula. Dominant negative
scores of zones 1 to 3 samples account for the significgnt
‘representation of Betula and Résaceae in these zones, while

the low positive scores of zone 4 samples indicate the

increased importaRce of Cyperaceae in comparison with Betula

and Rosaceae. These first three axes account for more than
67% of the total data covariance. Other axes such as "the

fourth and fifth, are not as important as the first thiee.
L

Results of PCB and CA are broadly similar (Fig. 8.12 and

8.13). The first and second axes of PCB and CA capture 88.1%

and 85.6% of the total data variability. It is clearly

indicated by the result of PCB that , Betula, Gramineae,
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Cyperaceae, and Rosaceae are the five most imporfant taxa in

the data set.-The relations among these dominant taxa exhibit

!

an interesting pattern. The orientations of Gramineaey,

Cyperaceae, and Rosaceae vectors are exactly same which

indicate that these taxa are positively correlated. Howevef,

LY

negative correlatlion exists among PRicea, Betula, and this

. CGramineae-Cyperaceae-Rosaceae dgroup. The overlap of the zone
4 sample cluster with the modern forest sample clusteg
indicate; the great similgrity between these tﬁo Qroups. It
is notable that oné of the zone 1 samples is.far away from
the cluster of zone 1 samples.and is more closely related to
modern shrub-tundra samples. This feature-is due to thé high
*Betula pollen percentage in tﬁis sample which -might be an
. anomaly of preservation. Other samples or clusters- are all

numerically distinctive from each other. ’

8.3.6 Reconstruction of Paleovegetation -

A broad reconstruction of paleovégetation,in‘the.Bear
Lakes area has been provided in earlier studies (Wang, 1988a;
wang and Geufts, 1987a). BAges of events are assumed on the
basis of a depth vs. age relationship using White River ash,
but a:e‘not controlled by radioéérbon dates.

'

ZONE 1: Surficial pollen spectra from the Mackenzie

Delta region have shawn a relative abundance of > 20% to

about 10% spruce in the forest-tundra vegetation zone



+

(Ritchié, 1974). Ten pércent spruce pollen is consideréd as
an "appropriate threshold value to indicate spruce presence "
(Ritchie, 1984a, p. 125). This value was determined from
lacdstfine sediments. In the case of peat bog sediments,
howe&er, the'overrepresentation of local components in
comparisQn with lacustrine envirpnmenfs might dilute the
regional and extra—regionél compenents, therefore the
percentage of regional taxa, namely Picea here, 1is
considerably under-estimated. In the Bear Lakes area, spruce
percentage 1is consistently around 21 to 25% in- this zone;

implying the presence of spruce in the area. Moreover, a

-spruce log (identified by R. J. Mott) breserved just above

the Ash layer also confirms the presence of spruce in the
area. On the other hand, comparable giégg percentages (5—20%)
have been interpreted as a result of long distance traﬁsport
(MacDonald, 1983) in the Upper Natla‘River area, ' This
interpretation, however, is probably not applicable fo the
Bear Lakes area Qincé the spruce value herxe is higha&iand
much more consistent than that in the prer Natla River area,

and also conflicts with the presence of the macrofossil.

High abundances of shrub and herbaceous pollen indicate
that these comﬁonents were also iméortant during this period.
Rosaceae was often seen in open habitats during the last
three field seasons. Juniperus, occurring in two of five

samples, is also an indicator of open habitats.
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Ihvestigatiqns of modern pollen dispersion in the n&&thern
‘Yukon Territory suggest that dwarf birch is a prolific pollen
producer (Ritchie, 1977; 19823 1984a). It can be assumed that
birch was not a major component in the vegetational community
(with a value of about 14%) but it was present in the area
during this period. As a feature of‘peat bog sediments, local
taxa are often very well represented.in pollen spectra. High
percentages of Grémineae and Cypéraceae in zbne 1 are a
.

reflection of this feature,‘indicéting those taxa were

widespread in the wvicinity of the core site during this

period. Considering all of the above information, the

initial vegetation following the deposition of White River

ash was a forest-shrub-tundra on the basis of pollen

assemblages,

ZONE 2: Minimal Picea value and the occurrence of

charcoal at horizon 19 cm indicatea a fire around 950 yr BP.
This minimal percentage suggests that the fire destroyed the
spruce trees in.the areé. The occurrence of Epilobium, a
pioneer after fires.(White, 1974), indicates the presence of
an open habitat ;fter the fire. The high percentages of
Betula and Rosaceae are also an indication of open habitat,
and the lack of competition with a high canopy of trees,
since the fire likely destroyed the tall stands of Spruce and
created a favorable habitat for these shrubs. Moreover, the

presence of very well preserved charcoal in the sediments

367



between 19 cm to 15 cm in the profile confirm the occurrence
_of fire. The extent and origin of this fire, however, are not

clear based on only o¢ne-profile.

The gradual increase of Picea percentage from 7% at the

bokttom of zone 2 to 47% at the bottom of zone 3 indicates the

reforgstation process in the area. Birks (1580b) has reported
that after the White River volcanie eruption, é pidneer phase
of herb-dominated assemblages persisted in the Klutlan
Glacier drea for about 200 yeérs, a shrub-tun phase for
about 200 years, and then-a Eiggi glauca fores _developed
about 800 years ago.. This }mplies_that the fof¥estation
process took about 400 years to completé in the area. In Bear
Lakes area the reforestation process probaQ}f took about 200
years to complete, which is much less than that in the
Klutlan Glgcier area. However, the reforestation process in
the Bear Lakes area was following a fire, and "the
importance of post-fire tree regeneration depended on the
regeneration potential of the pre-fire communities, ......

and on the timing between a fire occurrence and the onset of

cold or mild climatic conditions" (Payette and Gagnon, 1985,

p.57)). If- spruce in a pre-fire cofmunity was mature and
produced seeds constantly, those seeds would havé‘had a high
potential for reforestation. If one of the above mentioned

factors were met, it would have been possible for a

reforestation process in the Bear Lakes area to be completed
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within 200 years rather than 400 years as in the Klutlan

~

Glacier area.

ZONE 3: Zone 3 represénts a time during which an opeh

spruce forest or at least very dense forest tundra existed in

the area. Comparable spruce values of surficlal samples from

spruce forests_were féported from the Klutlan Glacier area

(Birks, 1980b), the Mackenzie Delta area (Ritchie, 1974), and

L

also from boreal forest samples in Alaska (Short et al.,

1986). The apparent decrease of shrub and herbaceous
abundance also support this reconstiuction of the
paleovegetation in the area.lMeanwhi}e, most taxa which
require 6pen habitat are more poorly-represented tﬁan‘beéore,

"indicating the increasing density of vegetation cover on the

landséape. Thehsmall peak of Ericaceae at the hase of the
” . .

zone could be interpreted either as an indication of a
disturbance of the environment or the existence of moist soil
conditions.

ZONE 4: An abrupt increase of spruce abundance (aﬁput

20%) and the occurrence of two Pinus peaks characterize this

zone. Rosaceae has distinctly smaller: representation than
before, and Betula shows little change. Ir herbaceous taxa,
Gramineae has decreased, but Cyperaceae has increased

somewhat. Thré}'hypotheses concerning the reconstruction of

vegetation dﬁring this interval could be advanced: A)



v

Increasing density of the forést; B) No change of the
vegetation cover but more efficient pollen gﬁoduction by

spruce; C) A combination of hypotheses A and B.

An increase of more than 10% spruce pollen has often

. ! . s . : <
been interpreted as an 1ndication of increasing density of

vegetation cover or an advance of tree line. This classical
interpretation is supported ﬁere by the more than 20%
inéfease in spruce polienbabundance and obviousudecreése of
Rosaceae and Gramineae. However, it &s hard to explain why
Betula does not exhibit a simultaneous decrease\in response
to the increasing density of vegetation. In_conclusion} it is
"difficult to interpret such a pollen assemblage‘purely on the
premise of a closing-up of forest. This c;uld potentially

eliminate hypothesis A.

Considering hypothesis B, the vegetation cover during
this interval was probably similar to that which existed

before. In this case, the productivity of spruce couid have

improved during the interval of zone 4 by either climatic or

ecological factors or a combination of both. This
interpretation is supported by the obvious decrease of
Rosaceae pollen abundance and simultaneous increase of
Cypﬁraceae. The decrease of Rosaceae could be the fé;ult of

climatic influences since Rosaceae is less tolerant of wet

conditions than spruce, and the increase of1Cypgraceae

370
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~indicates an increase of so0il moisture. Wet conditions in a

-relatively dry area are favorable ' fox spruce pollen
production. However, this interpretation does not correspond
with the obvious decrease of Gramineae abundance. In
conclusion, hypothesis B on its own could not account for
such an éssemblage.

Considering hypothesis C, the wet conditions evidenced
by the Rosaceae versus Cyperaceae relat?dnship imbroyed the
pollen production of spruce, and ;.slightly higher density of
forest partly caused the increased spruce percentage and
also accounted for the decrease in Gramineae. A suitable
interpretation of pollen zone 4 theég ore, -includes a more
efficient pbllen_production of spruce and a glightly

increasing density of forest in the area, as suggested by

hypothesis C.

8.3.7 Climatic Inference i

The high percentages of Cyperacede from 1,230 yr BP to

p———

appro;imately 1,000 yr BP éﬁggestﬁhxgg}grivelf moigt climate
dygring this period. By 1,000 td 950  yr BP, lower Cyperaceae
és well as higher Rosaceae percentages reflect a drier
summer cdimate -condition, under which fire may be ‘triggered
easily. The period of 950 to 750 yr BP probably experienced

high precipitation as suggested by high percentages of

‘Cyperaceae and Betula. These conditions were fayorable for
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the rapid reforestation by spruce. At Port Radium in the
Great Bear Lake Jrea, N. W. T.; Nichols (1975) reported a
short-1lived warm and wet episode between 950 yr BP and about
750 ;: BP with a more successful development of spruce
forest. After the event of reforestation in the Bear Lakes
area, the records of pollen zone 3 suggest a relatively dry
period which probably moderated the pollination of Spruce
until the end of zone 3 (about 400 _.yr BP). Well represented
Rosaceae and lower Cyperateae—pﬁrtentagqsfsuppurt this
suggestion. Similar records have been reported from Port
Radium in the Great ﬁear Lake area, N. W/ T. (Nichols, 1975).
Considering the similarity of records from the Bear Lakes
area and thOSe‘from'Pogt Radium in the Great Beaf Lake area,
Northwest Territories, which is about 820 km away, the
coincidence of pollen, content as well as the time sequence
establishedlin both areas, may suggest a climatic shift from
a wet conditiPn between 950 and 750 yr BP to a%drier
condition between 750 and 400 yr BP err a broad area. By the
N
beginqing of zone 4 (about 400 yr BP} the pollenrrecords
started to register more wet eve@ts. A gradual rise ,of
Cyperaceae and a rapid reduction of Rosaceae and Gramineae
strongly suggest a -wet condition and higher précipitation
rate than before. The flourishing of spruce as indicated by
the 20% increase in spruce -percentage (Fig. 8.9), possibly
derived from more efficient pollen productivity as well as

slight increasing density of the forest in the area, 1is a

A Y
+
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reflection of this wet and cooler climatic condition.
Bourgeois and Geurts (1983) reported cooler and higher

moisture conditions for the interval 1;363 to 1,230 yx BP

evidenced by an increase in spruce pollen percentages ‘in a-

o

forest area in Grizzly Creek, southwestern Yukon ‘Territory.

Ager and Sims (1981) gave a similar interpretatigq_for a

P

spruce flourishing after 3,500 yr BP in the Tangle Lake area
of Alaska. Tﬁis climatic iﬁterpretation is also consistent
with glacier advanceés in the St. Elias Mountains during the
"Little Ice Age, which occurfed from 473 yr BP to 53 yr BP
{Denton and Karlén, 1973). Moreover, the contemporary recofd
of annual precipitation at Aishihik (256.5 mm) is very close
to the documented 250 mm threshold of dryness tolerance for
the sexual reproduction of black spruce (Black and Bliss,

1980), and PRicea glauca has a similar climatic tolerance

range to black spruce (Beaudet, 1986). Therefbre improvement
of moisture conditions in such a dry area is favorable for an
increase in spruce pollination.

8.3.8 Summary and Conclusion

The environmental history in the Bear Lakes area during

the last 1,230 yr BP, as revealed by pollen records of
profile XW-13, can be divided into four different developing
stages. Forest-shrub~tundra occupied the area from 1,230 to
950 yr BP, characterized by moist climatic conditions. A

short-lived dry event around 1,000 to 950 yr BP was a fire
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prone period, and pollen records -as well és,the presence of
charcoal in the sediments reveal the evidence of a fire at
the beginning of zone 2. After the fire, the vegetation in
the area was typical shrub-tundra for a while, then the area

was gra&ually reforested. This process took about 200 years

to complete. By the beginning of zone 3 at ca. 750 yr BP,

high spruce abundance recorded the history of an open phasé'

sprucé forest with relatively ﬁﬁier climatic conditions than
before. This probably moderatéd the pollen production of
spruce during the period. A sharp 'increase of tree pollen,
mainly spruce, at the begiﬂning of zone 4 (ca. 400 yr BP)
indicates a change in the environmental condition of the
area. More efficient pollen production, caused by the
increase of precipitation, combined with a slightly increased

density of forest in the érea, accounted for a 20% increase

of sprucé percentage,

8.4 Summary Remarks

Narrow sampling of two szbrt peat sections in the Bear
Lakes area produced a pollen record of post-glacial
envi;onmental histdry in this area, especially the profile
XW-13 which provides detailed information about the
environmental variation during the last 1,230 years.

.
.At the High Bog site, which is far above the modern tree

line, pollen records indicate that the site was occupied by a

L]
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Cyperaceag—dominated mesic community from 4,000 yr BP until
650 yi BP. A modern dwarf bi;ch—dominated community at the
site has been stable since 650 yi BP as thg result of
landform development., Picea, PBinus, and'Alnus have
significant reprgsentétion in the pollen spectra as exotic
pollen, whicq i%dicates that the low pollen production of

tundra can strongly exagdgerate the representation of 1long

distance transported taxa.

Pollen records of profile XW-13, which is below the
modern tree line, are not directly comparable with that of
Xw~8 due to tﬁe difference in time scale. However, this
profile provides the information for short term variation or

oscillation of environmental conditions in this area.
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Chapter 9

Recosstruction of Palecenvitonment:

A Synthesis
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9.1 Introduction

The five previous chapters presented thg“modern and post-
glacial pollen recofds of different parts of the Aishihik
%asin and the adjacent area, and the reconstrdction of local
environmental history at each of the fossil sites. It is now
appropriate to diécuss tﬁe history df‘post-glaciai
environmental variation in a regional context. This chapter
therefore, presents a synthesis of the post-glacial history of
regi;nal vegetétidn and climatic variation over the study area.
fhefpost—glacial vegetation develobment énd gtability wiil aléo
be considered. "Some problems reéarding the determination of
pollen accumulation rate in peat and permafrost regions as
stafed in the objective section of chapter 1, will be briefly

discussed.

9.2 Post-glacial Vegetation History: Spatiél and Temporal

patterns |

A comparison of the pollen records of souphwest Yukon and
other parfs of northwest‘North America demonstrates that the
post-glatial vegetation history of tﬂe Aishihik Basin and tie
adjacent area is similar and comparable to that in the other
localities (Tak. 9.1). It must be kept in mind, however, that
the differences in radiocarbon age of a single event‘between
adjacent sites may not exclusively reflect the migration of
taxa but can be due tajerrér or variation of the radiocarbon'

date itself. As Birks and Birks (1980, p. 15) have indicated,

R
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Table 9.1 Late Quaternary vegetation history from selected localities
’ in northwestern North America

Alaska 3{;}},‘1 N.W.T.
Age | Tenana-| Black Brooks | lasgbells | Hanging Natle [ Mackenzle
Valley River Range Basln Laka River River
r BP Ager Anderson |Livingstone | Motthews Cwynar . | MacDonald | Ritchie
y {1975) ot al {1988) (1955,1987)| (1574) {1982) (1983) {1984b)
— 1000 —
" 2000 — Pless=Datula :
=Alnus Jone ——
. =Alnys
— « 3000 — s.ﬂoflsl Tonse
orerti . Alnvs-Pces | Alnya-Betulo | Plecag=Betula Pcea-Dalvla
=Alnys line »
l— 4000 = Tong Zone : Zone
N Alnus crlspa
— 3000 — Tong
L 4
[3
— 8000 —fr————— = |=me=—ee '
Plesa—Batula
1
= 7000 —lipicas dacting |- Birch Zons
Zons
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radiocarbon ages of a paleoecological event provide only an
approximate measure of simultaneit& at different sites because

many sources of error and discrepancy exist in the method.

During early pgst-glacial time, Aishihik Basin and its
adjacent area supported a herb-dominated tundra vegetation as
suggested by poilen records from Upper Mackintosh Creek
(Beaudet, 1986; xw-3,_this study) and central Aishihik}Basin
(XW~6, this study). This was a short-liyed event in the area.
The herb zone has been reported from the north in many
localities from late glacial to early post-glacial time. The
basic characteristics of the herb zone of tﬂis study resemble
those frem north Alaska (Livingstone, 1955; 1957} but are
somewhat different from those of the Hanging Lake area (Cwysar,
1982). This is due to the lack of great representation of
Artemisia, which is probably due to the moisture of the soil in
thellowland area where the above pollen segquences were
recovered. Therefore the herb zone from Aishihik Basin and the

adjacent area represents a lowland sedge—grass-dominated'

community.

By approximately 10,000 yr BP, the vegetation of Aishihik.
Basin and the adjacent area twas replaced by a birch-dominated.
shrub tundra whosekgqllen content resembles that from northern
and interior Alaska (Livingstone, 1955; 1557; Ager, 1975;

' 'Hatthews, 1974). A similar vegetation replacement at 16,000 Yr
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BP has also been reported from Antifreeze Pond .in southwest
Yukon (Rampton, 1971}, which suggests that such a chanée in
vegétation covef was a regional rather than a local phenomenon
in the southwest Yukon. It is unigque that the pollen records of
Jenny Lake (Stuart.gg al., 1988) suggest a short-lived Alnus
shrub tundra phase following the birch zone between- 9,500 and
8,500 yr BP. éﬁch records have not been found from the other
localities in the area. However, this finding seems to support

the hypothesis that Alnus migrated from south to north along

the British Columbia and Alaska coast (MacDonéld, 1984, p.
174},

Following the shrub-tundra phase, spruce arrived at least
9,000 yr BP in the Upper Nisling Valley (XW-1, this study),
8,900 to 9,000 yr BP in the Upper Mackintosh Creek (Beaudet,
1986; XW-3, this study), and 8,600 yr BP in the central
Aishihik Basin (XW-6, this study). Pollen records from Ittlemit
Lake Basin show that the arrival of spruce in the basin
. occurred at ;bout 9,000 yr BP " (XW-7, this study). Such events’
marked the begiﬂning i&‘a short-lived'spruce forest-tundra
environment in the area. A significant .rise of spruce occurred
at 7,900ﬁ}r ﬁP in the Uﬁper Nisling Vvalley, which reflects a
spruce forest vegetétion cover in the area; at 8,000 yr BP and
-7,700 yr' BP in the Upﬁer Maékintosh Creek area at low altitude
(975 m a.s.l.)-and high altitude (1,060 m a.s.l.) sites,

respectively} which suggests a dense spruce forest-tundra

"
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e;a‘vironmeht; and: at 7,500 to 7,600 yr BP in the central
Aishihik Basin area; which marks:the beginning of dense spruce
fo;est vegetation in the-region. This vegetation change,
however,.is not.recordéd in. the pollen segquence from Ittlemit
Lake Basin ikw—7), probabiy due to local environmental
conditioné. The Ittlemit Lake area is a small basin at a highex
altitude (1,180 m a.s.l;) than the other sites and is
surrounded Sy a rolling. and mountainous topography.which
isolates the area from céhtral and northern Aishihik Basip
except by a pass to the east (Fig.l7.l]f Climatic stress due £;

high altitude seems to have suppressed the normal ecological

-succession in this case.

. It is notable that the vegetation changes around 9,000 yr
BP and 8!000 yr BP have been recorded across the North. In the
lowexr Mackenzie River basin a E;ggngétula zone replaced a
Betula-Populus-Juniperus zone at 9,000 yr BP which ﬁarks the
first occurrence oﬁ spruce in the area (Ritchie, 1984Db). At
Hanging Lake in norfhgrn Yukon, Cwynai {1582) repﬁrted a

substitution of an Alnus crispa zone for the previous Ericaceae

zone at 8,900 yr BP. Pollen records of the Upper Natla River
area (MacDonald, 1983) suggest that spruce invaded the area at
8,640 yr BP and subsequently zose at 7,700 yr BP. In central

Alaska, Matthews (1974) reported a replacement by Picea-Betula-

Alnus =zone 'of a Betula:herb zone at about 8,000 yr BP. A

decline of Picea, which represents a warm and dry event, has

oo
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Hegp documenteﬁ from Tanana Valley between 8,400 and 6,000 yr
BP (Ager, 1975). Thé replacement of the herb zone by the birch
zone (Livingstone, 1955; 1957) was also around 8,000 yr BP..In
southwest Yukon, spruce woodland replaced a shrub-tundra phase
at 8,700 yr BP at the Antifreeze Pond area (Rampton, 1971},
while spruce forest established at 8;500 yr BP at the Jenny
Lake area (Stuart et al., 1988). 1t is concluded, therefore,
that the Vegetatioﬁ changes during early post~glacial time as
suggested by pollen records from this study in the Aishihik
Basin and 1its adﬁacent area are related to the climatic
variation and reflect synchronous modification of environmental

‘conditions across the North.

After the eétablishment of forest and forest-tundra
vegetation in the northern and central study area_ at . 7,500-
8,000 yr BP, the area vegetation pattern remained relatively
stable. However, it is worthwhile to note the change of pollen
composition around 6,000 yr BP. Tn central Aishihik Basin, the
pond of XW-4 was closed at approximately 5,900 yr BP and became
~a marsh or peat bog environment. -Moose Depression {XW-6) was
changed from a shallow pond to the present peat bog at 5;700 YT
BP. ;n northern Alaska, Alnus-Betula shrub-tundra replaced
previous Betula-Ericaceae shrub-tundra at G,OOOIyr BP
(Livinéstone, 1955; 1957), while ih Tanana Valley spruce
recovered and modern boreal forest was established at 6,000 yr

BP (Ager, 1975). In the southwest Yukon, Rampton su te n
\- .

-



384
establishment of modern boreal. forest accompanied by intensive.
rise of Alnus at 5,700 yr BP (Rampton, 1971). In the southern

~

part of the study area, pollgn records of Ittlemit Lake basin

(Xw-7) suggest a slightly later event at 5,000 yr BP when a

rise of Alpus and Cyperaceae was documented. A change of pollen
spectra with a tremendous increase of Alnus has also been
recorded in the Lower Mackenzié River Basin at 5,100 yr BP
(Ritchie, 1984b). In conclusion, these facts suggest a change
of environﬁental.conditions around 6,000 yr BP documented by
the pollen records of this study. This is consistent with the
records across a wide area and therefore reflects the regional

rather than local modification of the environment.

it is significant that the vegetation pattern has been
stable since 5,000-6,000 yr BP, although it has been suggested
that the tree line advanced three times during this interval
(Rampton, 1971). Most of the pollen sites—in this study are 60-
250 m below the modern tree line and minor climatic
oscillations ;hich céuld cause fluctuation of the tree line
would probably not stronély influence pollen rain within the
forest. Pollen profile XW-8 at High Bog is above modern tree
line and therefore might provide some information. An increase

of Picea pollen'percentage and accumulation rate at about 4,000

yr BP might suggest a slight tree line advance. Thié change,
however, could be very limited since in this region a cooler

and moister climatic condition could cause the increase of
. /‘
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_spruce pollen production which might change the composition of
the regionél pollen rain. Such a result is consistent with

previous studles in southwest Yukon (Bourgeols et Geurts, 1983;

Campbell, 1985). The succession of vegetation development in -

the Bear Lakes area during the last 1,230 years, as
reconstructed from profile XW-13, is probably a local rather
than regional varjation due to fire and reforestation

processes. However, the variation of pollen spectra during _the

last few hundred ycars in that area has more regional .-

significance, which veflects the changes of environmental

conditions during the Little Ice Age.

9.3 Special Consideratjons of Selected Taxa

9.3.1 Picea

The only Picea species existing in the study area is Picea

glauca according to the three years field observations,

although Picea glauca gnd Picea mariana have broadly similar
distribution ranges in fhe North. The following discussion wil?
therefore focus 55 Picea glauca.
=
The origin and post-glacial migration routes of Picea in
the North have been repeat;dly discussed before (e.g. Ritchie,

1984a; MacDonald, 1984). Hopkins (1972) and Matthews (1976)

initially proposed that spruce survived in Beringia during
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' full-glacial time, but this idea was late abandoned (Hopkins
et al., 1981). However, current studies cannot reject ‘or prove
this proposition (MacDonald, 1984). Beaudet (1986) found a high
‘spruce percentage peak prior to 10,000 yr BP in Upper
Mackintosh Creek and interpreted his result as a possible
support of the Alaska and/or Yukon spruce refugium hypothesis.
However, this interpretation probably needs to be re-evaluated
due to the extremely low pollen concentration and high portion
of corroded spruce pollen grains, which might suggest

redeposition.

Ritchie (1984a) and MacDonald (1984) have proposed a
popular hypotﬁesis which postulates that spruge migrated from a
_southern refugium, northward into south—cent}al Mani;oba, and
from there moved to the Mackenzie Delta regien. It has also
been proposed that spruce migrated from theﬂﬁérthern Yukon via
the Porcupine Valley to ceﬁtral;Alaska and arrived at Tanana
Valley at 9,500 yr BP. From there, spruce éxpanded rapidiy
southward into southwest Yukon (Ager, 19?5; %983). However, a
recent study suggests that spruce arrived at Ped Pond area in
the middle of Porcupine Valley (site 16, Fig. 1.2) at 8,500 yr
BP and at the Black River region, which is between northern

Yukon and Tanana Valley, at 7,500 yr BP. This result suggests

that this region was not the route of Picea migration ‘(Anderson

et al., 1988).. . \[
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It has also been proposed that Picea could enter the Yukon

from northern British Columbia via the Liard River Plain and
subsequently migrate northward along the Tintina Trénch
(MacDonald, 1934). It is worthy to note that spruce,K arrival
"dates deduced from this study suggest a southward migration
(Fig. 9.1). Picea invaded the Upper Nisling Valley at least
9,000 yr BP (XW-1, this study), arrived in the Upper Mackintosh
Creek area at 8,900-8,800 yr BP (Beaudet, 1986; XW-3, this
study), and in the central Aishihik Basin at 8,600 yr BP (XW-
6). However, evidence of this southward migration is not
observed in the southern part of the study areal Solid data
from the Ittlemit pake Basin suqgest that spruce arrived in
this area at least 8,900-9,000 yr BP which is approximately
300-400 years earlier-than tﬁat at the central Aishihik Basin.
These results seem to suggest that spruce invaded the study
area via different migration routes, supporting the hypothesis'
that spruce invaded the Yukon via Liard River Plain (MacDonald,
1984). In this case, it is possible that sprucé migrated from
Tintina Trench via the uppermoét Yukon River plain,
southwestward into the study area. This hypothesig, however,

could be artificial, resulting from the error or deviation of

24C dates and therefore requires further investigation in the

uppermost Yukon River plain area. Future investigation in “the

ower Nisling Valley may also be helpful.
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9.3.2 Pinus

The post-glacial migration of lodgepole pine (Pinus
contorta) has been previously reported (MacDonald, 1984;
MacDonald and Cwynar, 1985). The present study area is beyond

the distribution range of Pinus contorta (Geurts, 19é6b), and

pollen records from this study suggest that Pinus contorta has

never colon;zed the area during post-glacial time. However, the

low percentages of exotic Pinus pollen; from different sites in
“this study, illustrate an interesting patférn. Aithough Pinus
~pollen has been traceable from 9,000 yr BP in the area,
considerable values (>1%) were only registered in the pollen
spectra after the deposition of White River ash ip most sites.
This phenomenon reflects the migration of Pinus into the
southwgst Yukon during late Holocene (Macbonald, 1984;
Ma&Donald and Cwynar, 1985}). Moreover, the E;ggg pollen

rpercentages from this study (Fig. 9.2) show a close relation

with the density of vegetation cover. High Binus percentage is
recorded from Upper Mackintosh Creek (Xw-3), Ittlemit Lake
Basin (XW-7), and the Bear Lakes region (XW-8, XWw-13). All
these localities supported a sparse vegetation of forest-tundra
‘or shrub-tundra (Xw-8). This result may suggest';hat sparse
vegetation cover has less effect on the filtration of regional
pollen rain. Another interesting phenomenbn is that sites at

higher altitudes have a better representation of Binus pcllen,

which is strongly overrepresented.

e ————— o A
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It is worthwhile to note that the Pinus pollen percentage

exhibits a discontinuous representation and several peaks’heve

been recorded (Fig. 9.2). Isclated peaks of Pinus pollen

percentages, despite low values, were registered in Upper
leling valley and Upper Macklntosh Creek as early as priox to
8,000, yr BP, and such a phenomenon was repeated several times.
in the records during the Holocene, especially during the last
71,230 %Ears when the values reached 1% -or more. Although the
chrbnpiegy of tpese events can not be confidently cofmelated
due ‘to the difficulty of radiocarbon dating, at least one
isoleted'peak was recorded at Ittlemit Lake Basin around 500 yr-
BP which is firmly controlled by a **C date. Similar spectra
have also been observed from the‘Bear Lakes area (XW-13) and
High Bog site (XW-8)} at approximately the same time, based on
linear extrapolation. Apparently, it is difficult to interpret
the fluctuation of pine pollen with the ﬁotmal migration model
(MacDonald and Cwynar, 1985). The analysis of climatic data
from the abandoned Aishihik Climatic Station (Environment
Canada, 1932).reveals that the dominant directions of wind are
S and SE throughout the year except in winter, when the
' domi?ant winds are northerlies. Moreover, the mean monthly wind
speeds £from sbring fo fall are higher than those during winter
and two maxima occur in May and September (Fig. 2 11, Wang,
1988a). Durlng the pollination period of Pinus contorta in May
and June (Bassett et al. 1978), high mean monthly w1nd speeds

and dominant SE and S winds might bring the pine pollen to the
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study area and form these éeak;:“Airborne_;ollen :;cords;from
the Gladstone Creek‘area, southwest Yukon Territory (Lagarec etrx
Geurts, 1984) reveaf’fhat low pressure on Ruby'Range and
meridional circulation of air'maSses are favorable conaitions

for the transport of ai;borne pollen to the study area. This is

consistent with the prevailing wind direction during the summer

in the area. These isolated Pinus peaks in thelfiqf resolution
diagram, moreover, may reveal a frequént shift of this low
pressure and meridional circulation system. Exdtic pollen peakg
have been interpreted as evidence of paleowind directions &s
'reported from Baffin Island (Nichols et al., 1978). The fine
resolution of recoras with narrow sampling intervals and
isolated exotic pollen peaks ip the Bear Lakes and Ittlemit
Lake area proﬁjdes a confirmation of the theoretical approach.

kY

.0n the other hand, favorable pollen formation conditions
_ e

for Pinusfconsist of low radiation, cloudy conditions, and high
humidity during late summer and fall (Lejoly-Gabriel, 1978).

Isolated peaks of PRinus pollen around 500 yr BP indicate a

wetter climate dur;ng the pollen formation periqd in late
summer and £all and an incfease of southeast wind-ffequency
during the fioweringlpériod in the following year. This
interpretation is consistent with the previous conceptual
approach of Geurts (1988; Geurt et Lagarec, 1987), and with the
extension of glaciers in the St. Elias Mountaiﬁé dufing the

Little Ice Age.
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19.3.3 Alnus

The obvious rise of.ﬁinus pellen, to higher than 20?
around 8,000-6,000 yxr BP following the expénsion of spfuce, has
been reported £from mbst‘pollen sites iﬁ northern and central
vukon (such as Ovenden, 1982; Cwynar, 1982; Ritchie, 1982), the
Northwest Territories (such as RitchieAand'Hare, 1971; Ritchie,
1977; 1984b),uthe Snaé area ana Jenn; Lake area in southwestern
yukon (Rampton, 1971; Stuart et al., 1988), and eastern Alaska
{Ager, 1975;'1985; gdwards and Brubaker, 1986; Anderson et al.,
1988). Héwever, such a rise is not registered in the pollen
records from.the Aishihik Basin and its adjacent area. The
percentage of Alnus in most localities of this study (Fig. 9.3)

rarely exceeds 10%, and remains ca. 5% in most sections

described in this monograph. Although a rise of Alpus pollen

has been recorded from the Ittlemit Lake Basin and High Bog
site in the Bear Lakes area, its value is still not comparable

with those at other sites in the North. Pollen spectra in this

study illustrate that Alnus pollen is better represented at
'gites with higher altitude (profile Xw-1, xw;a, and XWl1l3),
which suggests a strong overrepresentation from regional o%
extraregional sources. This interpretation is consistent with
the previous conclusion that alder pollep‘is usually
ovefrepresented in the pollen speétra from“high altitude sites
(Bourgeois et-Geurts, 1983; Campbell, 1985; 1987}. Other -

‘anomalies of Alnus pollen representation have alsc been found
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from the south-central Yukon at Two Horsemen and Kettlehole
sites (Cwynar, unpublished data,.see Cw}nar et al., 1987),

where Alnus expaﬁded simultaneously with Betula before the rise

of Picea. The occurrence of alder in the modern vegetation of
the study area is very'sparse according to the three summer
field observations from 1984 to 1986. The interesting question
is why was the spread of Alnus to the north retarded, and to
the Aishihik Basin suppressed? The possible answer includes the
regime of précipitation during the Holocene. Previous studies
indicate that Alnus crispa requires a relatively moist
substrate, and development of organic soils with highexr water-
holding capacities in the continéntéi interior might have
allowed the species to expand in the mid-Holocene (Macbonald,
1984). Severe ciimatic conditions with very low precipitation
in the Aishihik Basin and the adjacent area might account for

the extremely low representation of Alnus in the vegetation and

thereby the low value of Alnus'pollen spectra.

]

Previous study in the Jenny-Lake area indicated that an
Alnus shrub-tundra developed between 9,500 and 8,500 yr BP, and

[
a Picea-Alnus woodland between 4,500 and 2,000 yr BP (Stuart et

al., 1988). However, field investigation in the .Kluane Lake

area indicates that Alnus has a low representation in the

modern vegetation in the area. Only one individual was observed

in the Cultus Creek and some small stands ofﬂﬁlnus in the steep

Williscroft Creek. canyon (M.-A. Geurts, personal communication,
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1988)f It‘is very interesfing to note that moss samﬁles in a
. shrub-tundra, where Alnus is present in the vegetation, yield
10-20% Alnus pollen (de Bastiani et Geurts, 1987; de Bastiani,
1988). Comparing the records in these areas and those from the
Aishihik Basin,rié can be presuged that Aishihik Basin hgs

newver been favorable for the_gxpansion of Alnus during the

middle and/or‘late_ﬂolbcene.
_ v
It "has been noted from previou;%studies in northwestern
Canada and adjgce;} Alaska fhat Afﬁﬁs is strongl}
overrepresented as a mihor component oLﬂvegétation~X<iO%),
contributing up to 50% of the regional pollen spectra (Ritchie,
1984a; Macdonadld, 1984). However, modern pollén records from

central and western Alberta indicate that Alnus wﬁth similar

density often produces less than 10% of regional spectra

(MacDonald, 1984). This fact might suggest the differential

pocllen production between southern and northern localities, or

higher produdtidn_gf other taxa at southern sites. However,
©

this hypothesis can.no% be properly evaluated without pollen

accumulation rate or pollen concentration data.

*
h -

9.4 EgggfglaciaI:Vegetation Development and Stability

The present study supports the proposal that significant
vegetation development and plant communitg instability occurred
during the late Pleistocene and eqtly Holocene -(MacDonald,

h

1984). Pollen records suggest that there was a short-lived
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'phase of herbaceous tundra in Fhe study area .immediately after
deglaciation. This vegetation cover waé socon replaced Ly the
invasion of Betulafdominated shrub communities at about 10,000
yr BP. A significant change of vegetation pattern in the area
occurred at 9,000-8!600 yr BP when spruce invaded the area.
After the establishment of the spruce foreét at 7,600-8,000 yr
BP in the area, there is little evidence that any fluctuation
ocr major change df vegetationEfmposition has pappened in the
area. Such a rapid replacement.of vegetation in late-glacial
and early post-glacial time is related primarily to the

migration of ‘invasion taxa. Survivors of Beringia communities

first invaded the area upon the retreat of ice due to close

~

geographical proximity. Taxa such as Picea from a southern,

refhgium'invaded.the area sever?l thousand .years later due to
long distance migration. It is likely that vegetation
~ instability during the early Holocene was primg}i;y related to
the ﬁigration of the invader, and the expansion of plant
populations pfobably ceased when its range limit of ciimatic

tolerance was reached.

It is inevitable that invasion of a species to an existing
community should lead to competition if there is a significént
overlap of niches. Successful competition of the invader should
~initiate the change of vegetation pattern and therefore cause
instability (MacDonaid, 1984). Early post-glacial vegetation

-

instability iepresented by the rapid change of vegetation
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pattgrns is likely the result of such competition. The invasion
of shrubs around 10,000 yr BP caused the decline of herbaceous
] pollen .in the pollen spectra, which might reflect a successful
competition‘for light by Betula and other tall taxa. Occurrence
of Picea ;n the.area around 9,000-8,600 yr BP initiated another
rapid Cﬁange'of vegétatién. The tall stature, longevity and
developed root system of spruce enable it to have a great
advantage in the competition-for light, soil moistﬁre, and
nutrients. After the establishment of spruce foresf or forest-
tundra in the study area, the basic vegetatioﬁ patterh remained
stable during the middle and late Holocene. This was probably
due to the cessation of plant migration as th;'result of
rééchinq theiraclimatic range limits, and also due to the
competitive advaptage of spruce which might make other invaders

unsuccessful.

. In summary, the early post-glacial instability of
vegetation documented in this study is“épmparable to that at
other 1localities (MacDonald, 1984; Ager, 1975). This
.instability appears Eo be4§§;farily the result of plant
‘invasion with Aifferential migr; ign. Successful competition of
invaders caused the replacement and change of vegetation
patterns in éhe area and ‘therefore initiated the vegetational

instability. Most taxa attained their climatic range limits in

the middle Holocene, creating a stabilization of vegetation
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durihg the middle and late Holocene. The great competitive

advantage of spruce might be also important for such a change.

9.5 Egggrglacial‘glimggig Variation.

gflimatic interpretation of pollen data requires knowledge
of the interaction’ between the plant compunities and theirx
-ecqlogital environments, the present-day relationship between
pollen records and the vegetation they represent, and the
Precision of paleovegetational reconstruction from fossil
pellen records. Unfortunétely, our understanding of "the precise
mechanisms controlling the relationship bétween vegetation and
cl&hate is still poor (Ager,.1975), thch mékes the climatic

interpretation moxe difficult and possibly misleading.

The major environmental and vegetational changes
‘ represented by the peollen re;ords from Aishihik Basinrand the
adjacent area provide some information concerning the broad
élimatic conditions in the region during the past 10,000 years.

This section is a brief interpretation of this information.

Pollen records from the northern Yukon h§ve suggested an
early Hoiocene Milankovitch thermal maximum (Ritchie et al.,
1983). Interpretation-bf the deglaciation model in the study
area (Dewez, 1985) indirectly supports such an thermal model.
Pollen records from sites such as Moose Depression with high

pollen accumulation rates indicate a warm but dry period from

;
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10,000 yr BP to about 7,600 yr BP. This interpretation is
supported by the frequently occurring Artemisia pollen in the
‘central Aishihik Basin (XW-5, XW-6) and Rosaceae 1in most
sections from the study area during this interval. The interval
between 7,600 and=apout 5,700 yr BP was charactériﬁed by thg
significant increase of Picea percentage aﬁd accumulation rates
in most seéctions, which probably reflects the.middle Holocene
climatic amelioraﬁion with an increasing precipitation.
Decrease Bf_Rosaceae and increase of Eguiset;m in most éiofiles
‘support this interpretation. Significant qhanges of
environmental conditions around 5,000-6,000 yr BP have been
recorded‘in most profiles. Althouggﬁeutrophication of lékes‘is
a common evolutionary phenomenon (M.-A. Geurts, personal
communication, 1988), it cannot be 1ignored that Moose
Depression (XW-6) and a pond in the Polecat Lake area turned
into a marsh o{\peat bog almost simgataneously..This fact 1is
difficult to interpret as being due to eutrophication and was
likely a response to climatic changé. Such a consideration is
also consistent with a preQious stugy'of an ice-cored pingo'in
-the area, which was formed approximétely at 6,000 yr BP (Geurts

et Dewez, 1985). The increase of Eﬁuisetum and Cyperaceae along

¢
with the great representation of Picea in most profiles, and

slight rise of Ericaceaé pollen in some sections indicates the
beginning of a cold and wet event, which probably indicates
that the development of regional permafrost initiated the

formation of existing frozen, elevated bogs in the area.
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There.ds little information concerning the climatic
conéitibns after 5,700 yr BP in the area, despite the proposal
that the tree line has advanced three times according to
macrofossil‘evidence from souéhwest Yukon (Rampton, 197;). The
rise of Cyperaceae and Polygonum in some profiles af;ef the
deposition of the White River ash suggests an increase of
ground moisture which ig probably related to the Little Ice
~ Age. The increase of Picea pollen in some loéalities (xw—laf“"
can be interpreted as the result of such an increage of
precipitation and decrease of temperature in tﬁe area, and such
an interpretation is consistent with glacier exténsioh in the
St. Elias Mountains (Denton and Karlén, 1977).

2

9.6 Pollen Accumulation Rate of Peat in Permafrost Regions

Problems with the determination of pollen agcumulation
rates in peat sediments have been noted in the northern Yukon,
and it has ?een suggested that variations in microtopography at
Polybog over the past 10,000 years are likely to have caused
sigﬁificant differences in total pollen accumulation rates
irrespective of the regional vegetatioh (Ovenden, 1982).
Although frequent fluctuations vf calculated pollen
accumulation rates have been observeq, this study suggests thét
"the principles and methodologies for the determination of
pollen accumulétion rates still remain vaL}d'in peat sectioﬁs

since the general trend of variation of pollen accumulation
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rates coincides with the change‘of percentade data in most
cases. However, comparison of accumulation rates from different
sediments (e.g. peat.and gyttia) is difficult because of their
different properties for pollen accumulation. It has been
proposed in an earlier chapter that pollen accumulation rates
determined from lacustrine sediments are higher than those frdm
peat. Data from Moose Depression (XW-6, chapter 6) provide a
good example of this proposal. A sigﬁificant decrease of pollen
accumulation rate at 34.0 cm coincides with the change of
Sediméhts from organic silt to p?at. Such a decrease 'has bheen
interpreted as the result of a changing sedimentation
environment réther than;vegetation change since there is no
indication of significant change of relative p&llen fregquency
of major<téxa. Lower pollén accumulatioﬁ.rétes in peat
sediments are Probably related to the fact that peat bogs
receive pollen grains from the bog-forming taxa and from wind
or suspended grains, while lakes or ponds cén also receive
pollen grains from runoff or streams. Another possibility is
_that lacustrine sediments such as silt.or gyttia cansiéé of
fine-grained autochthonous material accumulated from a large
area and therefore might have a higher density, while beat

sediments are more fibrous material with less density and are

accumulated in gitu. Therefore, the calculated pollen

accumulation rates from lacustrine sediments might be higher.
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Other problems concerning the determination of péllen
accumulation rates in peat from cold regions include the
disto;tion'of sedimentation rates and sample‘volume
determination causedlﬁy frost heave during the formation of
permafrost, which has been fully discussed in chapter 3.
C:yoturbation, solifluction, and other periglacial phenomena
might cause severe‘problems for pollen analysis in cold regions
due to the disturbance of thé sediment sequence, which must be

carefully avoided in the field.

A further problem is the detérminaéion of radiocarboﬁ
dates in the northern environment. It has been observed that
there are severe revérsions of datés from the Shaky Hand Creek
sequence in the Ruby Range (Campbell, 198?), and several
.spurious dates have also been reported in this study. Dhe,.
possible interpretation of such inversions is a change of the
permafrost table which could cause a change of ground water
activity and therefore cause the contamination, described as
"cryosuccion" (see chapter 8, term used by Pissart, 1983).
ﬁoWever, the mechanisms of this problem. are still not fully

understand.
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The objectives of this stﬁdy as stated iu chapter 1 were

to obtain information regarding the paleoenvironmental history
during post-glacial time in the Aishihik Basin and adjacent
'areas. ThlS chapter prov1des a very brief review of the basic

approaches and results of this study.

10.1 Basic Approaches

1. Nine pollen-bearing sediment cores and/or monoliths
were collected along a north-south transect from the Upper
Nisling Valley in the north to Ittlemit-Bear Lakes area in the
south. Detailed fossil pollen analyses were cafri@d out on

these cores and/or monoliths.

2. Modern pollen surface samples were obtained from 20
sites in four different vegetation—landfoim units to evaluate
the relationship between modern ﬁollen rain and its mother
vegetation-landform environment.

.

3. Raaiocarbon dates were obtained from the
palynostratigraphic sequencés to approximate the chronology of
interesting events. The results suggest that this study

provides a paleocecological record for the last 10,000-11,000

years.

4. Numerical methods were used to aid in the empirical
zonation of pollen assemblages. These procedures include

ZONATION, CONISS, and CONZONE.
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5. Principle Component Biplot (PCB} and Correspondence
Analysis (CA) were used to compare the fossil and modern pollen
recSEé; obtained from this study. A combined data set of modern

and fossil pollen spectra was used during these analyses.

6. Principle Component Analysis (PCA)} and CLuster Analysis,
(CLA) were employed to investigate the relationship between the
modern pollen spectra and the vegetation-landform units £from

which the surficial samples were collected.

7. The absolute pollen accumulation rates were analyzed
from four of these nine secticons to aid in the interpretation
of the pollen percentage data.

8. Loss on ignition and grain size analysis were cnrried
out for the Moose Depression section (XW-6) to aid the analysis
of éediments and achieve a better understanding of the

palecenvironment.

10.2 gtincigal Results
1. This study fills a large geographic gap in the post-
glacial pollen records for the southwest Yukon, and provides

information on post-glacial environmental variation.
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2. -The ihifial vegetation of the study area was a herb-
dominated tun@ra followed by the replacement of dwarf birch-
dominated shrub-tundra at about 10,000 yr BP. Spruce invaded
the area at 9,000-8,600 yr BP, and spruce forest and/or. dense
forest-tundra were establishéd at about-7,500-7,900 yr BP. A
modification of the local environment was recorded around
5,000~ 6 000 yr BP, including the closing of lakes or ponds,
changes of bog condltlons, etc. Modern regional vegetation
patterns were established about 6,500 yr BP and ‘have been
stable since. The basic features of vegetational variations
deduced from this study are comparable to the other studies 1in

the North,_

3. spruce invaded the area at 9,000-8,600 yr BP and
exhibit a southward migration in the area from Middle Nisling
Valley to the central Aishihik Basin. However, records from the
southern part of the study area, e.9. Ittlemit Lake Basin, show
that spruce arrival time was earlier than that at central
_Aishihik Basin, which suggests different or multiple migration
routes. Results_of this study support the hypothesis'that
spruce might have.invaded the Yukon via the Liard River plain

and migrated through the Tintina Trench.

4. Dense spruce forest was established at about 7,600 yr
BP in the area. The expansion of spruce in the area was much

earlier than that at Antifreeze Pond in southwest Yukon.
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5. The records of Pinus pollen in this study -show that

Pinus was never in the area during pogt—glacial time. The
fluctuating pattern of Pinus pollen cannot be simply
- interpreted by the previously proposed migration model
(MacDénald and Cwynar,.198§). However, the fossii'records
support ﬁhe.moael deducéd‘from hodern airborne pollen records
in the area (Lagarec et Geurts, 1984; Geurts et Lagarec, 1987)
that such flpctuations of Eigga.pollen#in southwest Yukon are
related fo éhanges in the atmospheric cirxculation system. LOQ

pressure and high humidity are favorable conditions for the.

transport of Pinus pollen to the area. Repeated peaks of Pinus

pollen fréquéncy in the fossil records suggest a periodic'shlft

of such climatic conditions.

6. Records of 2Alnus pollen in this study are d;fferent
from other investigations in northwestern Canada and adjacent
Alaska. Alnus pollen percentages in this study rarely exceed
10%, while in other localities they are often 20-50%. Such a

difference might be related to low precipitation in the study

area since Alnus crispa requires moist strata. However, it 1is
evident from this study that Alpus is é%rongly overrepresented
in the pollen spectra, and better registered in the sites at

higher altitude (Fig. 9.3).
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7. The early bost—dlacial vegetation exhibited a high
instabi;ity, basicaily related to sequential migration aﬁd
inyaéf;n of taxa from late-glacial refugia. The vegzlation
pattezrn became stable when most taxa reached their rapgellimit

in the middle Holocene.

8. Fossil pollen records from pgat sediments suggest that
a change of pollen spectra does not exclusively reflect a
variation of climate or-developmeﬁt of vegqtatien succession.
The evplutiop of landform or a change of sedipentatidn
environments or even microtopography might also éause a
significant modification of the pollen spectra. Such fossil
records are consistent with the suggestion dedﬁced from modern

-~

surficial pdllen records (Geurts, 1983).

9. Absolute pollen accumulation rates from different

sediments, e.4g. peat and gyttja or lacustrine silts, are not
directly comparable. Low values are expected in peat due to its

small pollen accumulation area and low density.

10. The data from this study demonstrate that pollen
accumulation rates can be strongly influenced by the
exaggeration of sample volume and distortion of sediﬁentation

rates due to ice lensing and frost heaving in a permafrost

’

environment. This fact should be considered in future

palynological investigations in permafrost regions.
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ﬁodificatio@ of such ihfluences on the determination of pollen

accumulation rates is also discussed In this monograph.

10.3 Supplementary Results
1. Numerical zonation of pollen spectra from peat

b .
sediments is better carried out with a comparison of the

results from séveral different procedures due to the
fIuctuation of pollen content between samples. Progrim CONZONE

was carried out by the author for such a purpose.’

.2. Quick development of computer technology enables
paiynologists to ‘deal with large gaté sets easily. Qrpéram
§EALYDP (PALYnology Data Processor), creatgd by the,author: is
gne of the newly deﬁeibped systems, which can carry out the

data storage, ietrfeba;, calculations, and diagram

construction.

-
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Appendix A |

Preparation Procedure for Moss Polster Samples )

Place ca. 1l cubic cm sample in the beaker.

. Add S50 ml NaOH (10%) and boil for 10 minutes.

Filter ipto a centrifuge tube by a metal- filter witﬁjgg.
200 1 mesh, centrifuge for 10 mlnutes, decant and wash.

Add 5 ml acetlc ac1d glacial (99.5%), stlr, centrlfuge for
10 mlnutes and decant

Add 3 ml Erdtman acetolysis pixture“TQ parts of acetic
anhydride, 1 part of concentrated sulphuric acid), stir
while heating in steam bath until 100 7°°C, cool for 30
minutes, ;entrifdge and decant.

Ada 5 mi acetic acid glacial, stir, centrifuge, decant and

wash.

Dilute the final residue of centrifuge with mixture of

gly&erine and water (2/3 : 1/3), transfer into a small

bottle. * -
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Appendix B

Preparation Procedure for Sediment Samples

Place ca. 2 cubic cm sample in the beaker.

Add 50 ml NaOH (10%) and boll for 10 minutes.

Filter into a centrifuge tube by a metal filter (200 n
mesh}, centrifuge for 10 minutes, decant and wash.

Add 5 ml HCL (lO%),IEtir, centrifuge and decant.

add 5 ml HF (48%),' stir, boil for 10 minutes in steam
bath, or lay down overnight, centrifuge, decant and wash.
Repeat this treatment if sample is.very mineral-rich.

Add 5 ml NaOH (10%), stir, boil 10 minutes in steam Sath,
centrifuge, decant and wash,.-

Add 5 ml acetic acid glacial (99.5%), stir, centrifuge and

decant.

.Add.5 ml Erdtman acetolysis mixture (9 parts of acetic

anhydride, 1 part of concentrated sulphuric acid), stir
when heating in ste&m bath until 100 °C, cool for 30

minutes, centrifuge and decant.

Add S ml acetic acid gladial, stir, centrifuge, decant and

wash.

If original sample has much clay or silt, sieve with a

magnetic sieve (7 . mesh), 10 % NaOH as medium and wash.

"y

Dilute the pollen-bearing residue with diluted‘glycérol

(66%), transfer to small bottle.
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Appendix C
» Loss on Ignition Procedure ' .
Dry samples at 105 °C for 12 hours.

Desiccate crucibles with burner for 15 minutes, cool in

IS

‘desiccation chamber, without manipulating crucibles with

fingers, and weigh when extremely cool (BE).
Place approximately 2 g dry sample in the crucible, weight
(BD). F

Hea%: the crucible, which contains the sample, on a gas

burner for at least 15 minutes until there are no sparks

when stirring and sample turns into extremely loose
powder. Cool in desictation chamber, and weigh when
extremely cool (BR).

Calculation:

Loss on Ignition (%) = ~==—====—- X 100
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Appendix D

, Grain Size Analysis Procedure

Dry the sample at 105 °C for 12 hours, weigh when cocl.
Soak the samples in a solution of hexametaphosphate for at
least 12 hours to disggg;egate particles. |

Add hydrogen péroxide tg burn orqanic material for at
least 12 hours, repeat until reaction ceases.

Place the sample into the 60 mesh_Sieve and lay the 250

\ .

mesh sieve below, run water thfough the sample. Agitate

the sample with fingers. The 250 mesh sepatation is

complete‘when the water running through is clear.
Wash' the material from the 250 and 60 mesh sieves back

into small dishes. Dry at 105 °C for 12 hours, and weigh

when cool.

Stir the susPension cf fines and pour it into hottles.

Add several drops of the fine suspension into a beaker
cgntaining acetonelsolutiop, counted by a COULTER COUNTER
model Tazz until reaching the sum of 45060 particles.

Tabulate, calculate, then present the final result in

histograms.
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Appendix E

. 8tatistical Formulas Used in this Study

Pearson’s product-moment correlation coefficient.

n f" " f
_ 21'=1A'J ik — E|—l

B, X

rij
; \/[Brﬂlxz ](Et—lX'J) ] [El—l
Cosine theta coeflicient.

E“ 1X1'J'X£L
\/21—-1 iy :‘l

Average Euclidian distance,

cosf =

The goodness-of-fit criterion. .

EJ lJJ

g

Three species richness or variety indices (d).

5—1
4 =N
S
dy = —2—
2 \/f-\f

dz = S per 1000 individual

- ()|

where S=,number of species, N=number of individuals,etc.
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6. Shannon-Weaver information measurement.

~where pi = importance probability for each species.



Appendix F

CONZONE: A FORTRAN-77 Computer Program
for the Numerical Zonation

of Pollen Data

- A Useg's Guide and Program Listing

Version 1.1

July 26, 1988
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F.l ‘Introduction
CONZONE is a program which partitions a palynologicai or
biostrétigraphic data set into stratigraphically constrained
zones. The program has been designed for the users who know the
fundamentals of the operating system. A working knowledge of
FORTRAN 77 is useful but 'not required. The interactive feature
of the vrogram allow the user to communicate with the computer
and choose from different actions. Statistical principles of

the program have been described previously in chapter 3.

F.2 - Program Listing

The program is written in standard FORTRAN 77. It has been
compiled and run successfully on an AMDAHL 470 computer withlVS
FORTRAN and WATFOR-77 compilers under CMS operating system, and
it will run on IBM PC family micro-computers also, with the
exception of dendrogram plotting. The program listing is given
: heré in table F.l, and a brief descriptigﬁ of each subprogramg
has been suppiiedpat the beginning of the program. Line numbers
at the leftmosf side in table F.l'are not a part of the

»
program.

F.3 ‘Files:

The program requires two disk files for input and output.
The data are read from a file connected to unit 5, and the
results are written to unit 6. Unit 0 is assigned to the

e
terminal (key board and screen} for interactive communication
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between the user and computer. These ﬁnits,or files must be
preconnected with system commands. Microcomputer uéers‘hdwever,
will be prompted to enter a file name. Cautioh must be given
for these users that the extension of data file on micros’
{ .DAT) should not be specified wheﬁ a-file name is entered. The
program wilil adq the extension for you automaticafl&. It is
necessary to take the following line (line 97) pff when the

program is run on a microcomputer:
QPEN(IREAD,FILE='STATDA',STATUS='6LD'J

In addition, delete the letter "C" from the first column of the

following statements:

WRITE(O,'(A)')"' File name:'
READ(O, '(A8})"')FN ‘

- FNIN=FN//'.DAT' /
FNOUT=FN//"'.RST'
OPEN(IREAD,FILE=FNIN,STATUS='0OLD')
OPEN(IPRINT,FILE=FNOUT, STATUS='UNKNOWN')

aaoaoann

F.4 Format of Input data file

The input data file should have a name. as "name.DAT" on
the microcomputer, and any name on the mainframe, provided the

name is predefined for a character string "FNAMEI". For

~example, users of CMS systems can preconnect the data file by

entering a command as

FILEDEF FNAMEI DISK fn DATA A
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. * ~

This command will define your file FN DATA from youf A disk to

fhe program unit 5.

The ideal input data file can be built during the
eﬁgcution of program PALYDP (seeAappendix G in this monograph)
by a selection'option. However, data file can also beléreated
using system editor following éhe format described here.

The input £file fofmaf is‘basically controlled by a data
file IDentifier (abbreviated as ID hereafter) system. All-data
must He precéded with some program reserved ID. The following
is a' brief description and list of these ID'distinguiShable by
the prégram. All IDwmust be in upper case, and startgd'at
column 1 in the data file. Example,of an iﬁput data filé is

listed in table F.2. “\%%
. ‘\\V

LOCATION _ . (Reguired fsr?piotting dendrogf;m. A
character string of 40 characters must
start at éolumn 25 on the same line)
NUMBER OF SAMPLES | (Reguired. An integer must begins at
‘ . — ‘column 25 on the same line)
NUMBER'OF”TAXA - (Reguired. An int%ger must begihs at
| column 25 on the same line) . ‘
LIST OF TAXA | _ (Optional., If present a list of taxa

must start on the next line. An order

r
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number starts at column 5, and a taxa
narne conﬁisting of 20 characters as
maximum starts at columnllo. Eacﬁ line
contains only‘one'taxa)
DATA ) (Required. Input data follow this ID
) on the next 1ine. Each line contains
data for one sample. The;flrst input
-on each iine.is an order number for
the sampie, agd data entered in a free
format, i.e. leave at least one space
between twq data)
. DEPTH LEVEL OF SAMPLES (Reduired for plotting the‘dendrogxam.
An array of sample depth levels follow

this ID on the next line in a free

format)
END OF FILE — . ° (Required. This ID must be placed at
' the bottom of the data file, otherwise
h-“w—q.\ua‘ . - . . .
;;> : all input after this ID will be
. ignored, or an error message will be-.

prompted and the program will be
terminated if this ID is missed in the

data file)
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F.5 Outputhﬁile '

;ﬂThe results of cluSt;xiﬁg is represented jn a résulting
file Ehrodgh unit 6. The first part of the result.file contains
the input data, including the title or location of the data set
(required), a list of taxa used (optional) and table of input
data (optional). The second part of the output file is the
results of clustering. The information meashrement and
clustering method ére Specifled before writing the results.
Clustéring_results are written in sequential order of merging’
data. The original input order of the first sample in a cluster
is éssigned to the number of clusters. For example, if a

'cluster contains sample 4,5,6,and 7, therefore the cluster is
referred to as cluster 4 for the next mergiﬁg of data. The
first two columns of output are the éluster numbers merged at
each stage. The third_polumn‘indicates;the result of
dissimilaiity measurements for each mexge, to be subseguently
used for dendrogram construction. If there are N samples, there
will be 6nly N-1 cluster merge.stages. Table F.3 represents an

o~

example of output file.
F.6 Dendrbgram Plot
As a convention of zonatipn p:ocedufes; the results gre
usually représenﬁed as a.dendrogram. Program CONZONE provides
four subroutines (YDNPLT, YDDPLT, YORDER, YSCALE) to furnish
the plotting job. fhese subroutines use the DISSPLA graphics

packagé (Version 10.0, Integraﬁed Software Systems Corporation,
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1986), and are therefore installation dependent. As a basic

feature of the DISSPLA package, graphical disgégy of an image
Y

is device indepeﬂdent thergfore "does not re upon features

particular to any type of graphical device; {Integrated
éoftware'Systems Corporatioﬁ, 1986). However,-the CALL ANYDEV
statehent at line 316 1nisubroutine CZONES of érogram CONZONE
must be supplied by the user's computér_céntre to integrate the
program with an available interface or device for the di;play
of plottingwresults; Where the DISSPLA gréphics package is not
available users can delete thé plotting gubqputineg and line
302—3£§ and 431-440 in subroutine CZONES. Subroutine YORDER
converts the plotting.data into xy coordinafeg‘for each cluster
and &an therefore be édapted for plotting-dendrograms on other

plotting packages. A sample of a dendrogram plotted by the,

progeam is represented in figure F.1l.

F.7 Error Messages
Some possible problems in the input data file have been

'predicted ip.fhe program, therefore a number of error message

5

can be djsplqygd;on‘gg;qen;when neceéssary. The fbllowing isa |

e

list of these possible messages.

"Too many samples -- program terminated” s
This message indicates that the sample numbers in the data

file exceed the allowable maximum of 150 as present specified. .
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"To expand the allowable maximum of sample, change KD=150 on

line 74 (PARAMETER statement) to a largex numbeér)

"Too many taxa -- program terminated®
. This message provides similarAinformation to'the:previous
error message. Change LD=30 on line 74 (PARAMETER statement) to

b
expand the allowable maximum of taxa.

MThe first few line in data file in not understood"

Th'is message indicates that a data file ID is not
correctly placed or spelled. Check heﬁihput ID with table F.2.
The program'will be terminated automatically if this message is

displayed on the screen.

"Data file ID not recognized"

Similér to above, ‘this message indicates that an ED in the
input data file is misspelled. the program will automatically
terminate if this messége is displayed on the screen. -

.

Other exror messages.could be written to unit 6 or the

screen by the system compiler if an error encountered. Chgck

' the user's manual of operating system to £ind out what the

problem is. ' : . \\
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Table F.l1 Listing of computer program CONZONE. Note the line
. " numbers at the left side of the table is not the
part of the program

1 2 3 - 4 5 6
+

s a4 e s g .-,.c--+-ooc’-o.-+--n-,----+--o_-'----+.---’-n--+..

***************************t*****************f*t************

*
CONZONE (FORTRAN) x
X

CONSTRAINED ZONATION PROCEDURE FOR POLLEN DATA *
. x

~ BY *

XIA-CHENG WANG S x

DEPARTMENT OF GEOLOGY *

UNIVERSITY OF OTTAWA x

. x

*

*

*

*

 VERSION 1.1
07-26-1988 . °
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INDEX OF SUBPROGRAMS

-----------------------------------------------------------

1 CONZON MAIN PROGRAM :
~’§“\\EQEFFS SUBROUTINE TO CALCULATE ,THE CORRELATION :
- COEFFICIENT

3 COLINK .SUBROUTINE TO MERGE INFORMATION MATRIX BY :
COMPLETE CLUSTERING METHOD :

4 COSETA SUBROUTINE TO CALCULATE THE COSIN THETA :
COEFFICIENT - 3 :

5 CZONES MAJOR SUBROUTINE TO CARRY OUT CLUSTERING :

'6 ~ DATAIN SUBROUTINE TO READ INPUT DATA MATRIX :

7  EUCDST SUBROUTINE TO CALCULATE EUCLIDIAN DISTANCE

8 UWPGMA SUBROUTINE TO MERGE INFORMATION MATRIX BY :

Ny UNWEIGHTED PAIR GROUP CLUSTERRING METHOD : ,
9 WRITER SUBROUTINE TO PRINT A MATRIX :

SUBROUTINE FOR GRAPHICAL DISPLAY OF DENDROGRAM :
10 YDDPLT ' SUBROUTINE TO PLOT THE DEPTH COLUMN ON :
' DENDROGRAM ;
11 YDNPLT MAJOR SUBROUTINE TO PLOT DENDROGRAM :
12 YORDER SUBROUTINE TO ORDER THE CLUSTERS' I
13 YSCALE SUBROUTINE TO SCALE Y AXIS (DEPTH) SN
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LIST OF FILES

L I T T T . L I T o, ..

UNIT # UNIT NAME DESCRIPTION # : R
50 SCREEN . . SCREEN AND KEY BOARD :
4 IREAD INPUT DATA FILE : A1
. (*.DAT ON PC) , :
6 IPRINT -+ OUTPUT FILE: :
(*.RST)

—_—_——..—._.—_==.—=_======—======_—====,.._

SUBROUTINE REQUIRED: DATAIN,CZONES.

" PROGRAM CONZON

~—\ PARAMETER (KD=150,LD=30)

IBTEGER ' SCREEN

CHARACTER LOCATE*40,FN*8,FNIN*12,FNOUT*12,CARDS*80
DIMENSION VAR(KD*LD*S),IVAR(KD*LD),CHAR(LD)

COMMON /10/SCREEN

«... OPEN DATA FILES

SCREEN=50
IREAD =4
IPRINT=6

... FOR USERS ON MAIN FRAME, TAKE THIS PARAGRAPH OFF
WRITE(SCREEN, '(A)')' File name:'
READ (SCREEN, ' (A8) ' }FN -
FNIN=FN//'.DAT" o .
FNOUT=FN//'.RST" S
OPEN (IREAD,FILE=FNIN, STATUS='0LD" ) :
*" OPEN(IPRINT,FILE=FNOUT,STATUS='UNKNOWN') :,\\\

PC USERS TAKE THIS STATEMENT OFF

OPEN (IREAD,FILE='STATDA', STATHS='0LD " )
. . Q . . R
* ‘ .. . ) } . '



445

98 C
99 C.... READ CONTROL CARD
100 C _
101 100 READ(IREAD,'(A)')CARDS : ; _ ‘
102 IF(CARDS(1:8).EQ.'LOCATION') THEN .{' : »
103 - REAMDP(CARDS(25:64),'(A40) ' )LOCATE .
104 ELSEIF(CARDS(1:17).EQ.'NUMBER OF SAMPLES') THEN
105 READ(CARDS(25:34),'(BN,I10}')K
106 IF(K.GT.KD) THEN .
107 . WRITE(SCREEN,'(A)')' Too many samples -- program terminated'
108 STOP , . ) ol
109 ‘ ENDIF .
110 ELSEIF(CARDS(1:14).EQ. 'NUMBER OF TAXA') THEN
111 READ(CARPS(25:34), '(BN,ILl0)")L
112 IF(L.GT.LD) THEN "
113 , . WRITE(SCREEN,'(A)')' Too many taxa -- rogfgh terminated’
114 o " sToP
115 ENDIF ~ . S '
. 116 . _ GOTO 200 _ '
117 ELSE . . '
118 WRITE(SCREEN, '(2A)') 'The first few lines in data file',
119 1 ' is not understood’ '
120 - ENDIF
121 GOTO 100
122 200 CONTINUE
123 REWIND IREAD -
124 ' WRITE(IPRINT,'(//60A)')('*',I=1,60)
125 WRITE(IPRINT,'(//TL8,A)"')'OUTPUT OF PROGRAM CONZONE'
126 WRITE(IPRINT, '(//60A)'}('*',1I=}1,60)
127 C )
128 C.. READ SAMPLE DATA MATRIX
129 C . N 3
130 CALL DATAIN(K,L,VAR(l),VAR(1+K),IVAR(l),CHAR(l),IREAD,
131 1 IPRINT)
132 C _ .
133 C.... STRATIGRAPHICALLY CONSTRAINED CLUSTERING ANALYSIS
134 ¢ : : L
135 CALL CZONES(K,L,VAR(1),VAR(1+K)},VAR(1+K+K*L),
136 1 VAR{1+K*(1+L+K)),VAR(1+K*(2+L+K)),
137 2 VAR(1+K*(3+L+K)},VAR(1+K*{4+L+K}},
138 ° 3 IVAR(1+L),IVAR(1+L+K),IVAR(1+L+2%*K),
139 4 IPRINT)
140. C
141 ‘ CLOSE (IREAD}
142 END ’ .
143 cC ' )
145 C ' _
l46 C " SUBROUTINE COEFFS.
147 C
148 C ===========;§=======================: S__,.\
C

149



150
151
152
153
. 154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

196

'197
198
199

200
201 .

aaoaaon
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SUBROUTINE COEFFS(N,M,X,A)

SUBROUTINE TO CALCULATE THE MATRIX OF CORRELATIONS

- BETWEEN COLUMNS OF DATA MATRIX X

DIMENSION X(N,M},A(N,N)

~ AN=M : : ’

c.‘..

DO 1 J=I,N

aaon

.. ZERO SUMS

CALCULATE CORRELATION COEFFICIENT BETWEEN COLUMNS I.AND J

DO 1 I=1,N T o, . )

§X1=0.0 :
§X2=0.0 o "
SX1X1=0.0 ' a
.8X2X2=0.0

§X1X2=0.0

" CALCULATE SUMS, SUMS OFR SQUARES AND SUM OF CROSS-PRODUCT

OF COLUMNS I AND J

DO 2 II=1,M
SX1=SXL+X(I,II) .
SX2=58X2+X(J,II)

- SXLX1=SX1X1+X(I,II)**2

1

oNoRoNe NN Ny

¢

SX2X2=8X2X2+X(J,IT)**2 -
SX1X2=8X1X2+X(I ,II)*X(J, II)
CONTINUE

CALCULATE CORRELATION COEFFICIENT AND STORE IN MATRIX A

R=(SX1X2-SX1*SX2/AN)/

SQRT( (SX1X1- SXl*SXl/AN)*(SXZXZ SXZ*SXZ/AN))

A(I,J)=R
. A(J,I)=R
CONTINUE
RETURN .
END

SUBROUTINE COLINK(KN,K,M,N,X)

CHARACTER DISP*1 - ;
DIMENSION X(KN,KN) ij}

-



202
203
204
205
206
207
208
209
210
211
212
213
2114
. 215

- 216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

241

242
243
244
245
246
247
248
249
250

251 -

252
253

COMMON /COM1/DISP

Cc
Do 1 J=1,K ?
IF(DISP.EQ.'C') THEN ’

-IF(X(M,J).LT.X(N,J)ldgﬁgﬂ-

XM, J)=X(Mzd)
ELSE
X(M,J)=X(N,J)
ENDIF
*ELSE
IF(X(M,J).GT.X(N,J)) THEN
ELSE. .
X(M,J)=X(N,J) ‘ .
'ENDIF
“ENDIF
DO 1 I=N,K .
X(I,J3)=X(I+1,3d)
1 CONTINUE
Do 2 I=1,K
IF(DISP.EG.'C') THEN
IF(X{I,M).LT.X(I,N)) THEN
X(I,M)=X(I,M)
ELSE
¢ X(I,M)=X(I,N)
ENDIF )
ELSE
IF(X(I,M).GT.X(I,N)) THEN
x(I:M)=x(IIlM)
ELSE e
X(I,M)=X(I,N)
ENDIF
ENDIF
DO 2 J=N,K
X(I,J)=X(I,J+1)
2 CONTINUE '
999 RETURN
END

s

SUBROQUTINE COSETA(N,M,X,C)

DIMENSION X(N,M),C(N,N)

.0

DO 1 J=1,N

»
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... SUBROUTINE TO CALCULATE THE COSINE COEFFICIENT C
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254 DO 1 K=J,N
255 XIJK=0.0
256 XXK=0.0
257 XXJ=0.0 . .
258 C . ‘
259 Do 11 I=1,M
260 XIJK=XIJK+X(J,I)*X(K,I)
261 11 CONTINUE  _ . OIS
262 DO 12 1=1,M ' ST
263 - XXK=XXK+X(K,I)**2 T R
2614 XXI=XXJ+X(J, 1) **2 0 L
265 12 CONTINUE - RS
266 XXJI=SQRT(XXJ)
267 ‘ XXK=SORT(XXK) o
268 C ... =
269 " A=XXJI*XXK
*270 B=XIJK/A -
271 "C(K,J})=B
2172 cC{J,K)=B
273 1 CONTINUE -
274 RETURN
275 END
276 C .
271 C S SN SRS ESESSCCoS=SSS—SommmnEEEERT
278 cC ' :
278 ¢ SUBROUTINE CZONES
280 cC
. 281 C SRS SSECoREESSSSSSSCoREcco=SSo=co=Dzz=Dz
282 C _
283 ¢ SUBROUTINE REQUIRED: COEFFS,COSETA,EUCDST,COLINK,UWPGMA
284 C ‘
285 SUBROUTINE CZONES(K,L,DEPTH,X,Y,DEND,X1,¥YD,XE, - o
286 1 MARK,IAA,IBB,IPRINT)
287 C
288 INTEGER SCREEN, A, B
288 CHARACTER * DISP*1,PLT*1 .
290 DIMENSION X(K,L),¥Y(K,K),DEND(K},IAA(K),IBB(K),MARK(K),
281 1l DEPTH(K) ,X1(K},¥D(K),XE(K,6 4)
292 COMMON /I0/SCREEN/COM1/DISP
293 ¢ : .
294 C.... DETERMINE INFORMATION MEASUREMENT
295 C
296 WRITE(SCREEN, '(/A)')'Please chose a measurement:'
297 WRITE(SCREEN, '(/A)')! 1 COSIN THETA COEFFICIENT'
298 WRITE(SCREEN, '(A)')! 2 CORRELATION COEFFICIENT'
299 , WRITE(SCREEN, '(A)')" 3 EUCLIDEAN DISSIMILARITY!
300 WRITE(SCREEN,'(A) ') 4 ALL ABOVE RESPECTIVELY'
301 READ (SCREEN, * ) ITEM
302 ¢
303 C.... PREPARATION OF PLOTTING DENDROGRAM
304 C .
305 WRITE(SCREEN, '(A}')"' Plot dendrogram (Y/N)?'

“ .



306
307
308
309
310
311

- 312
313 -

314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356

1
o
C...
C
o
C‘l"
c
C

40
o
c..
C -

4
C
C...
c

10

20

30

60
o

"Cu...
C .

1

READ(SCREEN, '(Al) ' )PLT

IF(PLT.EQ.'Y'.OR.PLT.EQ.'y"') THEN

DELTA=2.0
YMAX=DEPTH (K ) +DELTA
DO 1 I=1,K

DEPTH(I }=DEPTH(K)-DEPTH(I )+DELTA

CONTINUE

THIS STATEMENT IS INSTALLATION DEPENDENT

CALL ANYDEV
ENDIF ’

CLASSIFICATION START

449

WRITE(IPRINT,'(//2A)')! **%xx*x%x** RESULT OF ZONATION ‘',

IF(ITEM.EQ.4) THEN
IT=1

ELSE
IT=ITEM

ENDIF . ,

DO 3 LINK=1,2

INITIALIZE

K1=K-1

K2=K~-1

DO 4 I=1,K
MARK (‘I ) =1~~~

CONTINUE N

CALCULATE THE COEFFICIENT OR DISTANCE

GO TO(10,20,30) IT

CALL COSETA(K,L,X,Y)
DISP='C’
GOTO 60

CALL COEFFS(K,L,X,Y)
pDISP='C’
GOTO 60

CALL EUCDST(K,L,X,Y)
DISP='D"

- CONTINUE

START THE CLUSTERING
IC=0

DO 6 ICE=1,Kl1
IC=IC+1

TXXARAAEARXKX K

i

|b'
pvil



357
358
359

360 -

361
362
363
364
365

366

367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
334
395
396
397
398
399
400
401
402
403
404
405
406
407

c
C.... SORT THE COEFFICIENT
o
IF{IT.LE.2) THEN
CLUST=0.1E-8
ELSE
CLUST=0.1E+10
ENDIF :
C
DO 7 J=1,K2
I=J+1
IF(DISP.EQ.'C') THEN. .
IF(Y(I,J).GT.CLUST) THEN
CLUST= Y(I J)
A=J
B=1
ENDIF
ELSE
" IF(Y(I,J).LT.CLUST)} THEN
CLUST Y(I,J)
A=J
B=I °
ENDIF
ENDIF
7 " CONTINUE
c
110 IA=MARK (A}
IB=MARK (B)
IAA(IC)=IA
IBB(IC)=IB
IF(DISP.EQ.'C') THEN
DTEMP=(1.0-CLUST)* (1.0~ CLUST)
ELSE -
DTEMP=CLUST*CLUST
ENDIF
IF{IC.GT.1l) THEN %
DEND(IC)= DEND(IC 1)+DTEMP
ELSE
DEND(IC)= DTEMP
ENDIF
C .
C.... UPDATE THE -DATA
¢ .
IF(LINK.EQ.1) CALL COLINK(K,K2,A,B,Y)
IF(LINK.EQ.2) CALL UWPGMA(K,K2,A,B,Y)
DO 8 I=B,K2 .
MARK(I) =MARK (I+1}
8  CONTINUE
c
K2=K2-1
6 CONTINUE
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414
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416
417
418
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426
427
428
429
430
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439 -

440
441
442
443
444
445
446
447
448
449
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C . . .
C.... PRINT THE RESULTS
c o
IF(IT.EQ.1) THEN
- WRITE(IPRINT,'(/A)')' COSINE THETA COEFFICIENT USED'
ELSEIF(IT.EQ.Z2} THEN
WRITE{IPRINT, '(/A)')' CORRELATION COEFFICIENT USED'
ELSE
WRITE(;PRINT,'(/A)'}' EUCLIDIAN DISTANCE USED'
ENDIF )
IF(LINK.EQ.l1) THEN n
WRITE(IPRINT,'!/A)')' CONCLINK METHOD'
ELSE
WRITE(IPRINT,'(/A)"'}'°CONUPGMA METHOD'
ENDIF
. WRITE(IPRINT,'(/TZG A,/T10,A,T24,A)")
'l 'CUMULATIVE', 'GROUP,{'DISSIMILARITY'
C ' .
po 11 I1=1,K-1 : : _
WRITE(IRRINT, ' (3X,216,8X,F10.4)')IAA(I),IBB(I),DEND(I)
11 CONTINUE
C 5 : Y
C.... PLOT THE DENFROGRAMS ‘
C

IF(PLT.EQ.'Y'.OR.PLT.EQ.'y"') THEN"
Do 12 I=1,K
¥YP(I)=DEPTH(I)

12 CONTINUE .
CALL YDNPLT(K,L,IAA,IBB,DEND,YD,YMAX,XE,Y,X1,LINK,
1 IT,ITEM) , - - ,
ENDIF ‘ )
3 CONTINUE
IT=IT+1 w

IF(ITEM.EQ.4.AND.IT.LT. 4) GOTO 10
993 RETURN -
END .

SUBROUTINE REQUIRED: WRITER

naocaoaoan

" SUBROUTINE DATAIN(K,L,DEPTH,STATD,J2,SPECIS, IREAD, IPRINT)
INTEGER SCREEN '
CHARACTER __SPECIS(L)*20,WRT*1,CARDS*80, LOCATE*40
DIMENSION - STATD(K,L),J2(L), DEPTH(K)

COMMON . /10/SCREEN
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460 C....
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"
©
w

oo

300

400

2

READ INPUT DATA
READ(IREAD, '(A)',END=400) CARDS .
IF(CARDS(1:8).EQ.'LOCATION') THEN , .
READ(CARDS(25:64),'(A40)") LOCATE :
B(IPRINT,'(///A,A40) ") 'LOCATION: ',LOCATE
ELSEIF{CARDS(1:17).EQ. 'NUMBER, OF ,SAMPLES') THEN
WRITE(IPRINT,'(/A,T25,13)"'} "NUMBER OF SAMPLES IS ',K
ELSEIF(CARDS(1:14).EQ. 'NUMBER OF TAXA') THEN
_WRITE(IPRINT,'(/A,T2%,I13)') 'NUMBER OF TAXA IS ',L
ELSEIF(CARDS(1:12).EQ.'LIST OF TAKA') THEN
po 1 I1=1,L )
READ(IREAD,'(T5,BN,IB,T10,A20)')J,SPECIS(I)
CONTINUE ~
ELSEIF(CARDS(1:17).EQ.'DATA') THEN
DO 3 1I=1,K ‘ “
READ(IREAD,*)J, (STATD(I,J),3=1,L)
CONTINUE
ELSEIF(CARDS(1: 22) EQ.'DEPTH LEVEL OF SAHPLES') THEN
READ(IREAD, *) (DEPTH(I1),I=1,K) .
ELSEIF(CARDS(1:11).EQ. 'END OF FILE') THEN
GOTO 400 -
ELSE .
WRITE(SCREEN,'(A)'}' Data file ID not recognized'
sSTOP
ENDIF
GOTO 300
CONTINUE

PRINT THE INPUT DATA (OPTIONAL)

WRITE(SCREEN,'(A)')' Print the taxa used (Y/N)?'
READ(SCREEN, ' (1A} ' )WRT
IF(WRT.EQ.'Y'.OR.WRT.EQ.'y') THEN .
WRITE{IPRINT,'(/A)')' TAXA USED'
DO 2 J=1,L,2
J1=J+1
IF(J1.LE.L} THEN :
"WRITE(IPRINT,'(2(5X,I3,2X,A20))"')J,SPECIS(J),
J1, SPECIS (I1)
ELSE
WRITE (IPRINT, ' (5X,13,2X,A20)')J,SPECIS(J)
ENDIF
CONTINUE
ENDIF
WRT='N" _ _
WRITE(SCREEN, '(A)')' Print the input data Y/N)?'
READ (SCREEN, ' (1A) ' )WRT
IF(WRT.EQ.'Y'.OR.WRT.EQ.'y') THEN
WRITE(IPRINT,'(/A)')' INPUT DATA MATRIX:'
WRITE(IPRINT,'(/A)')' ROW = SAMPLE'

452

~
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« 511 WRITE(IPRINT,'(A)")' COLUMN = TAXA'

512 "CALL WRITER(K,L,STATD,IPRINT) .

513 ENDIF

514 C ’

515 END -

516 C . i

517 C M RmEzzz==========s=s=c-——rm-czzs=sss===s==

518 C <« :

519 C SUBROUTINE EUCDST

520 C ' _

521 C P SmEmSCoC-SESESSSREoRERESSSSESoo==aSS=S=====
522. C S :

523 Su UTINE EUCDST(N,M,X,A)

524 DIMENSION X(MN,M),A(N,N)

525 AN=M :

526 ’ .

527 CALCULATE DISTANCE COEFFICIENT BETWEEN COLUMNS I AND J

528 - - .

529 DO 1 I=1,N

530 01 J=I,N

531 C . |

532 C ZERO SUM AND CALCULATE DISTANCE

533 C :

534 DISTX=0.0

535 DO 2 K=1,M

536 ™ DISTX=DISTX+(X(I,K)-X(J,K))}**2

537 2 CONTINUE .

538 cC -

539 ¢ CALCULATE DISTANCE COEFFICIENT AND STORE IN MATRIX A

540. C .

541 A(I,J)=SQRT(DISTX/AN)

542 A(J,1)=A(I,J)

543 1 CONTINUE

544 RETURN

545 - END

546 C

547 C ==C-S=—=—==S=S=Sm=CE=SC=SSSSESSSsESm===S=====c

548 C

549 C SUBROUTINE UWPGHMA

550 C

561 C S-S SZS=ESSSECSESECSCSSSEsSESSmsmsSc-=—==—=zc=o

552 C

553 SUBROUTINE UWPGMA(KN,K,M,N,X)}

554 C ' )

555 DIMENSION X(KN,KN)

556 C . ¥

557 DO 1 J=1,K - -

558 : X(M,J)=(X{M,J)+X(N,J))*0.5

559 DO 1~ I=N,K ° .

560 X(I,J)=X(I+1;J)}

561 1 CONTINUE

562 DO 2/1=1,K

)
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563
564

56
66
567
568
569
570
571
572
573
574
575

. 576

5717
578
579

580
581 °

582
583
584
585
586
587
588
589
590

591.

592
593

594"

595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
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XO0I,M)=(X(I,M)+X(I,N}}*0.5
po 2\J=N,K . |
X(I,J)=X(I,J+1) . ‘»J,£”
2 ' .
999
- tae g
c .
C SR SSCCSEECSEESESSERTSOSSSESSERSE8SERR
- . .
C ) SUBROUTINE WRITER
c - ] o7
C ====\;_£"'=:.‘=============:$============
c . ,
SUBROUTINE WRT (N, M A, IPRINT) ' ] \
c A
c.. SUBROUTINE_TO PRINT A MATRIX HAVING N ROWS AND M COLUMNS
c . ‘
- DIMENSION A(N,M)
c - -
C.. PRINT MATRIX OUT IN STRIPS {OF 5 COLUMNS
c - -
DO 1 IB=1,M,5
IE=IB+4 . S0
: IF(IE-M) 20,20,10 TN -]
10 IE=M ) /}
C & - . . s
C.. PRINT HEADING e
C
20 WRITE({IPRINT,'(/6X,5(8X,I14))"')(I,I=1IB,IE) .
c -
C.... PRINT ROW OF MATRIX ~ T T .
C - .
Do 2 J=1,N - _
WRITE (IPRINT,'(1X,15,5F12.4)')J,(A{J,K),K=IB,IE)
2 CONTINUE » '
1 CONTINUE )

999 RETURN ‘o )
. END -

EE==SESSESSSSSEESESSSSSXSSERESESSRSsSS . fn

.... THIS SUBROUTINE CONTAINS SOFTWARE DEPENDENT CALLS FROM
DISSPLA GRAPHICS PACKAGE

.... SUBROUTINE REQUIRED: YDDPLT,YORDER

Tooaaoaaoaoanoaan

SUBROUTINE YDNPLT(K1,L,IA,IB,DEND,YD,YMAX,XE,YE,6X1,
1 LINK,IM, ITEM) .
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616
617
618
619
620
621
622
623
621

625,

626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

657

658
659
660
661
662
663
664
665
666

Y

100

1

. : \_ i

INTEGER SCREEN

" DIMENSION . XE(K1,4),YE(K1,K1),IA(K1),IB(K1),DEND(K1),

x1(x1) YD(Kl) 21(4)

COMMON /IO/SCREEN .
K=K1-1 +
XMAX=0.0 : . -
DO 1 I=1,K ‘

DEND(I} SQRT(DEND(I))

_IF(XMAX.LT.DEND(I)) XMAX= DEND(I)
CONTINUE R

CALL SETDEV{SCREEN,SCREEN)
IF(LINK.EQ.1l) THEN
PAGEX=32.0
PAGEY=25.0
XAX=21.5
. YAX=15.0
. YAXIS=10.0 ‘ -
XL=4.5 :
YL=8.0 |
CALL RESET('ALL')
CALL UNITS('CM')
 CALL SETCLR('MAGENTA')
CALL NOBRDR
CALL PAGE(PAGEX,PAGEY) .
CALL PHYSOR(XL,YL)
CALL AREA2D(XAX,YAX)
CALL SCMPLX , :
CALL HEIGHT(0.6)}
YPOS=YA . 0 .
“MESSAG( 'CONCLINKS',100,3.0,YPOS)
ALL /MESSAG('CONUPGMAS$',100,14.0,YPOS)
ALL HEIGHT(O0.4)
ALL MESSAG('Ycm) $',100,0.0,YPOS)
POS=YPOS+0.5
L _MESSAG('Depth$',100,0.0,YPOS)
CALL HEIGHT(0.8) ‘
YPOS=YPOS+1.0
CALL MESSAG('CONZONE$',100,8.0,YP0OS)
CALL HEIGHT(0.4)

CALL MESSAG('Dissimilarity$',100,10.0,-1.5)

CALL ENDGR(0)
CALL YSCALE(YMAX,YSTEP)
CALL YDDPLT(5.0,YL,YSTEP,YMAX,YAXIS,0.3)
XL=XL+2.0
ELSE
XL=XL+11.0
ENDIF

CALL YORDER(K1,L,IA,IB,DEND,YD,XE,YE,X])
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668
669
670
671

672

673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718

C

110

3

12

11

888
c
993

a O ooooaoocaoaoaoao0
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XAXIS=10.0 ° )

CALL
CALL
CALL
CALL
CALL

L

" CALL
CALL-

CALL
CALL
CALL
CALL
DO 3

RESET('ALL')
UNITS('CM')
PHYSOR(XL, YL)
AREA2D(XAXIS, YAXIS)
HEIGHT(0.4)

COMPLX

XTICKS(1)

YTICKS(0)

YNONUM

YNAME(' ',1)

XNAME(' ',1) :
GRAF (0.0, 'SCALE', XMAX, 0.0, YSTEP, YMAX)
I=1,4

Y1(I)=0.0

- CONTINUE

DO 11 I=1,K
DO 12 J=1,4
X1{3)=XE(1,J)
Y1(J)=YE(I,J)
CONTINUE
CALL CURVE(X1,Y1,4,0)

CALL

IF(LINK.EQ.2) CALL ENDPL(0}

‘CONTINUE.

ENDGR(0)

IF(ITEM.NE.4.AND.LINK.EQ.2) THEN
GOTO 888 _ ‘
ELSEIF(IM.EQ.3.AND.LINK.EQ.2) THEN

GOTO 888

ELSE

GOTO 999
ENDIF

CALL

DONEPL

RETURN

END

THIS

e e e O  F T T

SUBROUTINE CONTAINS SOFTWARE DEPENDENT CALLS FROM

DISSPLA GRAPHICS PACKAGE

-
LI -
.

SUBROUTINE YDDPLT(XL,YL,YSTEP, YMAX, YAX,HY)

DIMENSION XT(2),¥YT(2),XT1(2),YT1(2),XT2(2),YT2(2)

XT(1)=0.0



719
720
721
722
723
724

725 -

726

727 -

728
729

730

731
132

733

734

135

736
7317
+738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
-753
754
755
756
7157
758
759
760
761
762
763
164
765
766
167
768
769
770

101

11

102

aoaogaQaaaon
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XT(2)=-0.2.

XT1(1)=0.0" : - .
XT1{2)=-0.1

XT2(1)=0.0 _

XT72(2)=0.0 . | b
YT2(1)=0,0 :
YT2(2)=YMAX

CALL PHYSOR(XL,YL)-

CALL AREA2D(0.5,YAX)

CALL RESET('ALL')

CALL XNAME(' ', 1)

CALL ‘YNAME(' ',1)

CALL YNONUM

CALL XNONUM

CALL XTICKS(0) : . ' .
CALL YTICKS(O) :

CALL GRAF(0.0,0.1,0.5,0.0,YSTEP,YMAX)

N=0

M=0
YT(1)=YMAX+YSTEP
YT{1)=YT(1l)-YSTEP
YT(2)=YT(1)
DO 11 J=1,5
YTL(1)=YT(L)-YSTEP/5.0%J
YT1(2)=YT1(1l) . )
IF(YT1(1).GE.0.0) CALL CURVE(XT1,Y¥T1,2,0)
CONTINUE
CALL HEIGHT(HY}
IF{YT(1).GE.0.0) THEN 4
CALL CURVE(XT,YT,2,0)
Y=YT(1)
Y=YPOSN(0.5,Y)}-0.1
CALL INTNO(N,0.2,Y)}-
M=M+1
N=INT(YSTEP)*M
ELSE
GOTO 102 ’
END IF
GOTC 101
CONTINUE
CALL ENDGR(O0)
RETURN
END

SUBROUTINE YORDER(K,L,IA,IB,DEND,Y1,X,Y,X1)
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778
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780
781
782
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786
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788
789
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791
792
793
754
795
796
7917
798
799
800
801
802
803
804
805
806
807
808
809
810

r
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DIMENSION IA(K),IB(K),Y1(K),DEND(K),X2(K)yX(K,4),Y(K,K)

Do 1 I=1,K-1
X1(I)=0.0

CONTINUE

Do 2 I=1,K-1 'y
-IAA=TA(I)
IBB=IB(I)
X(1,1)=X1({IARA)
X1(IAA)=DEND(I)
X(1,4)=X1{IBB)
Y(I,1)=YL(IAA)}
Y(I,4)=Y1(IBB)
YTMP=Y1(IAA)
Y1(IAA)=(YTMP+Y1(IBB))*0.5
X(I,2)=DEND(I)
X(I,3)=DEND(I) .
Y(I,2)=¥(I,1)
Y(I,3)=Y(I,4)
WRITE(6,*)(X(I,J),J=1
WRITE(6,*)(Y¥(1,J),J=1

CONTINUE

RETURN

END

4)
1)

!
’

SUBROUTINE YSCALE(YMAX,YSTEP)

IF{YMAX.GE.250.0)
IF(YMAX.GE.150.0.AND.YMAX.LT.250.0)
IF(YMAX.LT.150.0.AND.YMAX.GE.50.0)
IF(YMAX.LT.50.0.AND.YMAX.GE.20)
IF(YMAX.LT.20.0)

RETURN

END

_—===m====

YSTEP=50.0
YSTEP=20.0
YSTEP=10.0
YSTEP=5.0
YSTEP=1.0

"

458
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Table F.2 An example of input data file for program CONZONE.
- Note the line numbers at the left side of the table

is not the part of the file.

1 2 3 4 5 6
B S I ST S S T
LOCATION MIDDLE MACKINTOSH CREEK, Y. T. (XW-2)
NUMBER OF SAMPLES 9 :
NUMBER OF TAXA 9
LIST OF TAXA
1 PICEA
2 - ALNUS
3 BETULA, : -
4 SALIX :
5 ROSACEAE
6  JUNIPERUS _
7 ERICACEAE L, )
8 GRAMINEAE EE
9 CYPERACEAE
DATA 2
1 18.52 "7.41 53.70 0.00 0.00
: 0.00 8.80 3.70  °  6.94 .
2 21.37 4.58 37.02 4.58 2.67
0.00 12.60 8.02 7.63
3 - 17.80 5.08 47.46 0.00 0.00
0.00 3.39- 11.02 11.02
4 14.75 8.20 42.62 ° 3.28 1.64
0.00 0.00 9.84 8.20 .
5 ©37.91 8.06 11.85 1.90 1.90
' 1.90 0.00 4.74 30.81 .
6 36.51 4.36 12.53 0.27 0.82
0.27 1.36 2.72 . 34.60
7 31.25 5.57 ~15.90 0.68 1.09
1.90 0.41 0.82 - 38.04
8 27.08 5.56 11.11 2.78 0.00
0.00 0.00 8.33 41.67
9 37.33 6.40 10.67 2.13 1.07
0.80 ¢.00 4.53 30.13
DEPTH LEVEL OF SAMPLES
4.0 8.0 10. 15. 18.
22. 26. 28. 32.

END OF FILE . o - S
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‘Table F.3 An example of output file for program CONZONE.
: Note the line numbers at the left side of the

table is not the part of the file. ‘
1 2 3 4 5 6
- LI 2R BE SN} +o .p --+ - Fi -o+ ’ o-+.l ’ -+c -z .. +
1
2 . .
3' ********************tt**t**tt**t*******t**tt******t***t*t***
p .
5
6 OUTPUT OF PROGRAM CONZONE
7
8 .
9 *****t***t*tt*t*tt*t**t*t***t*******t********t**********t***
10 '
11
12 .
13 'LOCATION: MIDDLE MACKINTOSH CREEK, 'Y. T. (XW-2)
14 . . '
15, NUMBER OF SAMPLES 1§ 9 . .
16 '
17 NUMBER OF TAXA IS 9
18
19 TAXA USED ’
20 1 PICEA 2 ALNUS 4
21 3 BETULA 4 SALIX ¢
22 5 ROSACEAE 6 JUNIPERUS
23 7 ERICACEAE _ 8 GRAMINEAE
24 9 CYPERACEAE
25
26 - \ .
27 EXXAXXA Ak RESULT OF ZONATION EREAXXA KA XX
28 . . —_
29 CORRELATION COEFFICIENT USED
30
31 CONCLINK METHOD
32 .
33 S CUMULATIVE
34 GROUP . DISSIMILARITY
35 5 6 0.0001
36 3 4 0.0003
37 7 8 0.0015
38 1 2 0.0029.
39 7 9 ' 0.0092
40 5 7 0.0157
41 . 1 3 0.0238 y
42 1 5 0.6616
43

44 CORRELATION COEFFICIENT USED
45 . “



1 CONUPGMA METHOD

2 .

3 CUMULATIVE
4 GROUP . DISSIMILARITY
5 5 6 0.0001

6 3 4 0.0003

7 5 7 ,0.0011

8 1 2 0.0025

9 5 8 0.0051
10 ° 5 9 0.0078
11 1 3 - 0.0106
12 1 5 " 0.4722

461
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G.1 Introduction
PALYDP (PALYnology Daté Processor) Iis a Eomputer program
which can handle the storage, retrieval, manipulation, and plot
diagrams of palynological dsta with high user's flexibility.

. *
The basic functions of the program are summarized as follows:

~

1}. The program cén handle large numbers of both'samples
and species. It is presently specified to 150 samples and 30

taxa. But these parameters can easily be changed by the user.

2). Pollen percentages can be calculated upon a user
defined polled sum, which provides a hiah degree of freedom to

the user.

3). Pollen concentration can be determined through three
different preparation methods, including the standard exotic
marker method (Maher, 1972), the weight method (Jorgenson,

1967), and the method described in this monograph (Weight-

volume method}..

4). Pollen accumulation rates for all taxa can be
- calculated by the program on the basis of **C dates with &wo
preparation methods, e.g. exotic marker method and Weight-
Volume method. Total pollen aqcumulation rates for each sample

’

will also be produced.



-

465
5). To calculate pollen accumulatioh rates, sedimentation.
rates can be determined using *¢C dates either by a linea;
extrapolation and intérpolation or using a polynomial
regression equation provided the coefficients for the eguation
is supplied by the user. The coefficient for the regression

equation can be determined using program POLYD. (J.C. Davis,

1373). -

6). The program prouides téchniques'for'calibrating the
inflﬁence of frost heave and ice lensing on the determination
of pollen conceﬁtration»énd/or poilen accymulation rates
provided suitable data are suppliea. Principles Jconcerning this

calibration have been described and discussed ik chapter 3.

7). The program can calculate three different species
richnesses and Shannon-Weaver's diversity upon the user's wish.
The statistics of the indices are listed in appendix F.

8). ;ollen ratios between any user selected species can be
calculated through a screen-menu-driven feature of the program,
which provides users with the high degree of freedom to choose

as many ratios as one wishes.

9). The program allows users to select from input species
lists for building a new data file for statistical analysis.

The computing results of either pollen percentage or
. )
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' concentration or accumulation rates can be used with the user's

option by just pressing one key to respond to the screen

prompt:

10). Pollen percentage, pollen concentratioén, oi,pollen
accumu;ation rates diagrams can be plotted on a Calcomp plotter
in a reducibie pubiish—ready format according to the user's
option.. Two different styles of_diagram, i.e. baf diagram or

saw-tooth curve diagram, can be produced.

11). The sediment column and its legend can be plotted on
the pollen diagram with eight different symbols (Fig. G.1)

according to the user's requirement and desire.

12). It is the user's option to plot the *+C dates, total
pollen concentration, total'pollen accumulation rate, and
results of loss on ignition if the data available, on the

pollen diagram.

13}. Users can select from input species lists to build a
new data file for plotting a summary pollen diagram. 'Either
polien percentage or pollen concentration or pollen

N
accumulation rate can be used.

The program has been designed for the users who have a

working knowledge of & computer operating system. A working



467
knowledge of FORTRAN 77 will prbvide-a better understanding'of
the internal structure of the program, but it is not necessary '
for using the program. The program has been used by the author
for the past four years, and is operated upon a very simple
data format classified by a list of required identifiers, which

will be listed later in section G.3.

G.2 Program List

The program has been written in standard FORTRAN 77. It
has been compiled and run successfully on a AMDAHL 470 computer
with a VS FORTRAN compiler under the CMS operating system. It
can also be used on an IBM Personal Computer (PC) or a
compatible micro-computer with a Microsoft FORTRAN Compiler
Version 4.0 or later. However, the plot of bollen diagrams
cannot be carried out on micros because this part of the
program is software qnd installation dependent. The program
listing is given here in table G.l, and a brief, description of
the basic function for each subroutines used in the main

program is provided at the beginning of the program.

G.3 Files

Several files are required to run the program which allows
the program to communicate with the user or computer disks.
Unit 0 has presently been assigned to the teérminal (key board

and screen). Control cards are read from a fige connected to

unit 1; and data are read from a file connected to unit 5.
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Results of labaratory préparation are read from a file .
connected to unit 3 should the pollen concentration or pollen
accumulation rate .need to be determinéd, or should the
sedimentation rates need to pe calculated. Thése‘files mast
been created before eiecuting the.program using the operating
system editor. The oufpﬁt results are written to a file
connected to unit 6. Results of selected ﬁgta for numerical
lanalysis'are written to unit 4, and those for plotting a
summary diagram are written to unit 2. All these files.must be
preconnected with system commands.
G.3.1 Control Card File

A file contains instructions (Control?Card Identifier) for
controlling the program actions must be preconnected in order
to calculate the pollen concentration or polleﬁ accumulatibn
rate. If only the pollen percehtage will be calculated, the
control cards file does not necessary need to be created. Each
identifier in the control card file begins  in column 1; All
identifiers are optional. The following identifier can be

placed in any order except the last one.

CONCENTRATION BY WEIGHT
CONCENTRATION BY WEIGHT-VOLUME
CONCENTRATION BY EXOTIC MARKER

DETERMINE SPECIES DIVERSITY
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SEDIMENTATION RATE (If this identifier }s ommitted,
a linear extrapolation between
dates will be carried out. If
this identifier is given, the
phrase REGRESSION must be given
at coiumn 25, and the following
line must supply the order number
(an integer) of polynomial
regreséion, followed by the
coefficients (real numbers) for
the reéression equation (Age=A +
B * Depth + C * Depth® + D * D-

- epth®....) in a free format,.L.g.

leave a space between two data)

MODIFICATION OF ICE‘ LENSES A(If this identifier is specified,
the stratigraphic positions where
the modification will start and
end must be supplied following
the 1identifier in a free format
on the same line)
END OF FILE (Required. Must be placed at the

end of the file)

E

G.3.2 Basic Data File _ o
The basic data file connected to unit 5 contains the data

of species list, a tabulation of pollen counting, *+4C dates,"
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.and other reléted data. A set of identifiers is requ}red to
allow the program identifying the data to proceed. Some of
these identifiers are optional,.and some'arg required. all
identifiers begin at column l, and related data start at column
25 unless a free fofmét‘is specified. The following required

identifiers must be placed in the first five lines.

LOCATION (A title or location of data up to 40
Y .. characters should begin. at column 25
- oﬁ the same line) |
COORDINATES (Coordinates specify the latitude,

longitude, and ‘altitude of the data
sequence up to QO characters start a%“
25 columné on the same line)}

ANALYZER (Analyzer's name up to 40 characters

starts at 25 column on the same line)

The above three identifiers will be important for plotting
pollen diagrams. If the plotting job will not be carried out,

these data may be omitted.

NUMBER OF SAMPLES (Required, and a integer must begin at
column 25 on the same line)
NUMBER OF TAXA (Required, an integer must begin at or

after column 25 on the same line)
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The following identifier can be placed in any order.

NUMBER OF TREE TAXA (Required, an integer must begin at or
after column 25 on the same line)

NUMBER OF SHRUB TAXA (Reguired, an integer must start after
or at column 25 on thé same line)

TAXA INQLUDED IN SUM (Required, an intgger must begin at ?r
after 25 column) |

LIST OF TAXA ' (Required, a list of taxa identified

| Jﬁst follow the identifier on the next

line. Each line contains snly one taxa
with an up to three digit number
beginning at column 5, and the‘spécies
name up.to 20 charaqtefs beginning at
.column 10) -

TABLE OF-COUNTING ' (Required. Counting table must - be

; . supplied starting from the next line.

The first value on the data line

should be an integer specifying the

sample number. Counting resul'ts

entered in a free format for each

sample. Leave at least one space

between two Qata. More than one line

can be used for one sample if

necessary) .
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EXOTIC MARKER INPUT (Optional. If present, data should be |
started from the next line with free
‘format)

EXOTIC MARKER COUNTED (Optional. If present, data should

’ follow:on the next line with free
format)

WEIGHT OF RESIDUE (Optional. I1f present, weight of

' residue used for pollen identification
should follow on the next line with
free format)

DEPTH LEVEL OF SAMPLES (Required if plotting will be carried
out, otherwise optional. If present,
data should follow on the next line)

RADICCARBCN DATES ” (Optional. If present, number of dates
used for calculating sedimentation
rates followed by number of dates will
appear on the pollen diégram should
begin at column 25. Pinpoint of depth
position of the date and date itself
should follow on the next line. Each
line contains one date. Dates which
will appear on the pollen diagram
should follow the data block for
calculation in a sequence of start and
end positions'of-the dated segments,

dates with deviations on each line.)
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ORGANIC CONTENT | (Optional. If présent, result of loss
on ignition or other measurement of
oganic content should be suplied'on
the next line with a free format. This
information will be 5lotted on the_A
pollen diagram)
ZONES " (Optional. If present, number of
| pollen zones should follow at co;umn.
25 on the same line, and depth
position of =zone boundaries (zone
number manus 1) should follow on the
next line in a free format.) -
END OF FILE (Required. Tﬂis identifier.must be the

last one in the data file.)

G.3.3 Preparation Data File -
Several data are required either in orderffo determine
pollen concentration and pollen accumulation or to calibrate
the influence of frost heave and ice lensing on the
determination of pollen concentration and accumulation rates.
These data are contained in a file conﬁected to unit 3. The

following are the identifiers and data format in the file.

WEIGHT OF RESIDUE (Optional. 1f present, weight of
preparation residue should follow on

the next line in a free format)
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WEIGHT OF DRY SAMPLE (Optional. If present, data should
follow‘on the next 1line in a free
format)
VOLUME OF SAMPLE (Optional. If present, data should
o follow on the next line in a free
format) )
‘WATER‘ CONTENT (Required if calibration of jce
‘ lensing will be carried out, otherwise
optional. Data (cm?cm~2) should follow
on the next line in a free format)
CONTENT OF EXCESS WATER (Optional. If present, data should
follow on the next 1line in a free
format. This item should be the last
cne in the file if present)
END OF FILE (Required. This identifier must be the

-

last one in the data file.)

G.3.4 Output File

The results are,writtén to a program output file éonnected
to unit 6 in a easy ., to read fofmak. All results are preceded
witg a certain index to indicate what is the output/énd what
method ﬁsed if appropriate. This file can be printed out as a

hard cop' using the operating system print command. Example of

the output file will be given in section G.12.
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G.4 Pollen Petcentage, éoncentration, and.AccumulationfRéte
The first step is to calcuiate pollen percentage after the

reading of input data and control cards from disk files. If the
control file exists, then the program will automatically‘
calculate pollen concentration and pollen accumulation rates
using the instructions in the control card file. If the contrél
card_file does not exist, only polleh percentage will be,
calculated. All results ~will be written té the output file
connected to unit 6.

R 2
G.5 Species Richness and Diversity

Eéch.time ?he program is executed, three different species
richness 4nd Shannon-Weaver's diversity indices will be
automatically determined. Tﬁe formulé.of these indices areﬁi
presented in the éppendix E. Results are written to the output

file through unit 6.

G.6 Selection Menu

"It is the gser's choice to determine if a selection
session should be carried out by positive or negative response
to the. screen prompf. In the present .version of the program,
the user can select as many taxa as one wishes to build a new
disk data file for statistical analysis, or £for plotting of a
summary diagram. It is possible also that the selected file can

be used for other purposes. In fact, this feature of the

program provides the user with a flexible choice to choose some
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variables from a matrix, which could be pollen percentage,

pollen concentration, or the pollen accumulation rate.

To deal with a selection menu, .the program will prompt the
following message on the screen every tiﬁe when program is
executed.

Select taxa for a fpecial purpose (Y/N) ?

At this point an user should respond a Y for yes or a N for no

through the key board. If a Y is entered, the following message

will be prompted. p ‘“
1 For Statistical Analysis
2 For Summary Diagram Plot

Enter Your Choice

If 1 or 2 is entered, the third prompt will be a list of data

sets from which the user will make his/her selection.

Original Counting
Concentration (Weight)
Concentration (Marker)
PAR (Marker)

Pollen Percentage
Concentration (W-V)
PAR (W-V)

No Selection

W
O b N

At this point the user sti}l can'change his/her mind to decide
if he/she will like to cancel the selection. If 8 is entered,

no selection will be carried out. If any other data set is
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chosen, and such a.data set is présent, j.e. the preparation
method in brackets was used, the program will ask how many taxa

the user would like to include in the new data set.
How Many Taxa Do You Wish To Use ?

An appropriate answer should be an integer less than or equal
to the total number of taxa counted. Following the user's
response, the program will hold on and wait for the ﬁser to

clear the screen .

Please Clear the Screen and Press RETURN key to continue

Now the user should find and press the clear screen key on.
his/her key board, and then press the RETURN key to tell the
program to continue (On sdme key board, a RETURN key 1is the
same as the ENTER key). Then a list of taxa will appear on the

screenmn.

”

1l Taxa 1 - 2 Taxa 2
3 Taxa 3 4 Taxa 4
Which Taxa Do You Need ?

The taxa list will show all taxa names ih your data set on the

. _
screen, and the” user should enter the appropriate numbers for
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his/her selection. At, least one space should ‘be left between

each number. For example,
12358 (Followed by pressing RETURN key)

This actlon tells the program that taxa 1, taxa 2, taxa 3, taxa
5, taxa 8 should be chosen from the above selected data set to
build the new data file. After completing this step, the

selection session is finished.

G.7 Selected Pollen Ratios

Aftexr the selection session, the pr6dram will prompt the

following message.
Calculate Pollen Ratios (¥/N) ?

A positive response will lead to the following prompt.

N\

How Many Ratios to be Determined ?

-

Following thé entrygff an integer, a taxa list like that in the

selection session will be prompted, and the program will ask

Which Pair of Taxa ?

kY
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The answer should be two integers représenting two ta#a in the’
taxa_list; with at least one space bétWeén each Bther, and
Ifollowed by érgss;ﬁg RETURN;key. The pollen percentage of -the
firs; selected taxa will be divided by the second taxa to
determine the first‘pollen ratio. This prompt and proéess will
.continue uﬁtii the numﬂgr,of ratios selected at the beginning
of the session is encountered. Result are written to the output
file through unit 6. Taxa names of a ratio will be printed

ahead of, the ratio.

G.8 Plotting of Pollen Diagram . -
Plotting -of pollen diagrams is carried out in the program
by subprogram CALPLT and its associated subroutines using
calcdmp Plotter Software?routines,.and is therefore
installation and device dependent. IBM PC family computer users
and those without the installation.of Calcomp Plotter Software
can- easily éelete subroutine CALPLT.and its related routines
(subroutine 13 to 34 as listed at the beginning of the main
program).. The following paragraph in éubprogram PALYDP should
also be deleted:
C.... PLOT POLLEN DiAGRAMS
¢ WRITE(SCREEN,'(A)')'Plot pocllen diagram (Y¥/N) ?!
READ(SCREEN, ' (Al) ' )PLT

IF(PLT.EQ.'Y'.OR.PLT.EQ.'y') THEN -
CALL CALPLT(K,L,......

ENDIF
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A plotting Jjob can be easlily furnished by cohmunication
between the program and the user on the screen and key board.
It is user's option to decide either to plot *»*C dates, total
polien concéntrafion, total pollen aééumulation rates, and
sediment symbols each time he/she runs the program. The
plotting results as aﬂfeature of Calcomp Plotter Software will
be written to a disk £ile known as FILE PLOTTER on user's "A"
disk (CMS cperating system). Hard copy of the plotted diagram
can be obtained by entering the following commands.

For a draft co;y using ball pens
PLOT FILE (FORM 0001
For a final copy using ink pens

-PLOT FILE (FORM 0111

The program can plot up to ten differént symbols for
different sediment types. Information for plotting sediment
columns is contained in a program created £ile connected to
unit 7. An arbitra;y allocation of.sediment type to a certain
symbol has been assigned by the program, which however can
aiWays be easily changed by fhe user utilizing the operating
system editor in the related data file referred to unit 7. The
program will prompt to inquire if data for sediment symbols has

been entered previously or not. If the user responds with a 'Y'

for 'Yes', the program will open and read the data from a disk
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file. Otherwise if the users's response is 'N' for 'No', the
program will create a file and prompt to ask the user to enter
appropriate data. Available symbols for sediment types and

legends are presented if figure G.1

The program will plot the résult of loss on ignition at
the wight side-.of pollen diagram_if the user wishes. Data
should' be placed in the basic data file with an identifier.
ORGANIC CONTENT.

G.9 Error Message

The program has its build-in error héndling routines which
will terminate the program and prompt on the screen a messége.
to indicate what the problem is. The following are the messages

which may be prompted during the execution of the program.

1.” Input data file not found (This message indicates that
the basic data file is not
created or not connected to

~unit 5. Use your system
editor to create the
required data file, and re-

run the program again.)

2. The first few lines in data file is not recognized
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(The first few identifiérs
in the data file are not

correctly specified.)

3. Control card ID not recognizéd {An identifiei: in the
control card file, connected
to unit 1, ;s not correctiy
specified.)

// 4: Data file ID not recognized (An identifier in basic’data
file, connected to ur‘lit 5,

is not correctly épecified.)

5. Preparation result not available (The data file containing
’ results of preparations for
determining the pollen

concentration and pollen

\ ' accumul??ﬁon rates was not
. i
created Qbile such a job is
- ‘ requested.ﬂ
6. Preparation result not understood (An identifier in the
Y . 1 \
\\J\ ' preparation data file,

.connected to unit 3, is not

- : correctly specified.)
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The above messages will be prompted on the screen and the
program will be terminated immediately when one of these errors
is encountered. Various error messages may also be written to

the output file connected to unit 6 by the compiler.

G.10 Plotting of a Summary Pollen Diagram

Program PALYDP itself can not plot summary d@aqrams.
HoWeve;! subroutines in the plotting part of the program can be
used to carry out the job. A supplementary program known as
SUMPLT has been written using several subroutines of program
PALYDP to plot a summary diagram. The prograthUMPLT is listed
in table G.2. The subroutines called from program PALYDP are
not repeatedly provided here. Example of a summafy diagram
plotted‘by program'SUMPLT can be found in this monograph (g.g.,‘

Fig. 5.1).

G.1ll Statistical Analysis

e
Although a data file for statistical analysis can be
created by the program duri;g.a selection session, program
PALYDP is not designed to contain statistical procedures.
However, the selectioﬁ session provide; the user with an
opportunity to build an appropriate data set. for statistical
analysis. If a suitable data import procedure can be found, the”
data file created by progfam PALYDP can be directly used for

other statistical programs. A minor change of data reading

procedure in a statistical program will allow the user fg\\/r

»
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es&ablish the connections between program PAL&DP and a

statistical procedure.

G.12 Execution of the Program: An Example Session

This section provides an example of the execution of the
program on a AMDAHL 470 computer under CMS operating system.
Different operating systems may require differént procedures to
carry out the compiling and execﬁtion of the program. A VS
FORTRAN compiler is used to compile the program first. The

following are the execution steps.

l. Using the operating system editor (here is CMS editor,
for-example) to create a data file (here as TEST DATA A, Tab.
G.3), a control card file (here as TEST CARD A, Tab. G.4), and
a preparation data file (here as TEST PREPD A, Tab. G.5).

\ .

2. Use system editor to create an EXEC file containing all
your execution commands. This EXEC file,will save typing time
during the execution of the program. The following is a list of
such a file named arbitrarily “Q‘EXEC A",

GLOBAL TXTLIB VLNKMLIB VFORTLIB VPLOTLIB
FILEDEF O TERM

FILEDEF FNCONT DISK &1 CARD A )
FILEDEF SUMMARY DISK &1 SUMMARY A

FILEDEF FNPREP DISK &1 PREPD A

FILEDEF STATD DISK &1 STATDATA A -
FILEDEF FNAMEI DISK &l DATA A

FILEDEF 6 DISK &1 RESULT -A

FILEDEF SEDS DISK &1 SEDS A

LOAD &2 &3 ( NOMAP
START .
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The,firét line in this file specifies text library and load
libraries from which routines are logded during execution. The
second line pefines unit 0 as th terminal- (key board ana
screen). The third to ninth lines define and/or connect the
files and their input or output devices. The LOAD command
places the PALYDP TEXTlor SUMPLT TEXT file into computer

storage and establishes. the linkages for execution. The last

- command begins execution of the loaded file. .
3. Compile program PALYDP with VS FORTRAN compiler.

FORTVS PALYDP
. "
Ly _
This compilation will produce two new files on your A disk. One

A,

is the PALYDP LISTING A whicﬁfgives the user the compilation

information and can be erased. Another is PALYDP TEXT A which

‘is the executable program and should be conserved.

3
4

4. ExXecute the program using the following command.
R TEST PALYDP

where R is the EXEC file name previously created, which
contains a series CMS command (Step 2), and TEST is the data

file name (see step 1l}). Now the content of R EXEC A file willl

e
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be prompted on the screen. Note the symbol &1 in file R EXEC A

s
has been replaced by TEST automatically by the system.

5. When the following prompt occurs on the screen, it
means the program haS'sthessfully calculate the pollen
percentage, pollen concentration, pollen accumulation rate,

species- richness and species diversity.

Select Taxa for a Special Purpose (Y/N) ?

Since the selection session have been fully described before,

and for now enter N to escape the selection session.

. 6. Then take the following action to the prompt.

PROMPT: Calculate Pollen Ratios (Y/N) ?

ENTER: Y )

PROMPT: How Many Ratios to be Determined ?

ENTER: 3

PROMPT: 1l Picea .2 Pinus
3 Alnus 4 Betula
5 Cyperaceae _ 6 CGramineae
7 Lycopodium

Which Pair of Taxa ?

ENTER: 1 4.

PROMPT: Which Pair of Taxa ?

ENTER: 1 5

PROMPT: Which Pair of Taxa ?

ENTER: 4 5

7. After the determination of pollen ratios, the plotting

session will start with the following prompt.

Plot Pollen Diagram (Y/N)'?
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8. If a Y is entered, the following prompt will occur.

Please Clear Screen and Hit RETURN to Continue

An appropriate reaction will lead to the following prompt.

r

Percentage .

Accumulation Rate (Marker)
Accumulation R#ate (wWV)

Concentration (Marker) "
Concentration (WV)

Concentration (Weight)

AN E WM

Which Diagram do You Want to Plot ?

9. For the exémple session, enter 1 to plot the”pollen'

percéntage diagram, and it will lead to the following prompt.
1 Histogram
2 Saw-tooth Curves

wWhat Kind of Diagram do You Want to Plot ?

10. Enter 2 for a saw-tooth curve diagram. And then the
piogr;; will pfompt'to request for a length of paper. A pollen
percentage diagram with 20 taxa will require approximately 80
cm of paper. For the test data set, enter 40 for the following

prompt.

Enter Paper Length (cm):
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11. The following prompts and reactions will be:

PROMPT: Plot Total APF on Diagram (Y/N) ?

ENTER: =~ Y
PROMPT: Plot Total Par on Diagram (Y/N) ?
ENTER: Y
PROMPT: Draw Dates on Diagram (Y/N) ?
. ENTER: Y
. PROMPT: Draw Sediment symbol (Y/N} ?
ENTER: Y _ .

12. at this point, supposé that the program and the data
-sgt have been rﬁn'qnce before, and the daté file containing
igformation of the sediment types has been created by the
:'prbgram, the program will plot' a pollen percentaée diagram in a
. file known as FILE PLOTTER A. Then, the following message -will

be prompted, which marks the normal end of the program, and

will finish the session.
Normal End@ of Plotting

+

13. If you need a hard copy of the diagram on a piece of
paper, enter the following system commands.
K
For a draft copy using ball pens
PLOT FILE kFORM 0001

For a final copy using ink pens
L

.

PLOT FILE (FORM 0111

This command will send a plotting job to the Célcomp plotter.

-
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15. The output results are written to file named TEST
RESULTS A, containing all of the resulfé of calculations. This
file can be opened by a system editor, or hard copies can be
obtaine& using the operating system's print command to send a

print job to a print.

R

LN
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at the left side of the table are not the part of the-
program.
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2}
3)
4)
5}

6)
7}

8)

-~

9)

10)

PALYDP (FORTRAN)
PALYNOLOGICAL DATA PROCESSOR

BY -
XIA-CHENG WANG

- DEPARTMENT OF GEOLOGY

UNIVERSITY OF OTTAWA

VERSION 1.2
07-26-1988

L A R SRS SRR S R A R R R R Y Y R R R R ]

DESCRIPTION

THIS PROGRAM CAN

DETERMINE POLLEN PERCENTAGE BY A USER DEFINED

POLLEN SUM

DETERMINE ABSOLUTE POLLEN CONCENTRATION.THREE
PREPARATION METHODS ARE ACCEPTABLE

DETERMINE POLLEN ACCUMULATION RATE WITH TWO
PREPARATION METHODS

MODIFY THE INFLUENCE OF ICE LENSES ON POLLEN
ACCUMULATION RATES

CALCULATE SEDIMENTATION RATES EITHER WITH
LINEAR EXTRAPOLATION OR A USER SUPLIED POLY-
NOMIAL REGRESSION EQUATION

CHOOCE FROM INPUT POLLEN TAXA TO BUILD A NEW
DATA FILE FOR STANTISTICAL ANALYSIS

CHOOCE FROM COMPUTING RESULTS TO BUILD A NEW
DATA FILE FOR PLOTTING A SUMMARY DIAGRAM
DETERMINE POLLEN RATIDS UPON USER SELECTED
PAIR OF TAXA

DETERMINE SPECIES RICHNESS IN THREE WAYS, AND
CALCULATE SHANNON-WEAVER. DIVERSITY INDEX

PLOT POLLEN DIAGRAM UPON.USER'S SELECTION OF
SIX DIFFERENT COMPOSITION AND TWO DIFFERENT

*
*
*
*
x
*
*
*
*
*
x
x
x
X

s as ea

s e as ew

[T T

b 4
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46 -

47
48
49
50
51
52
53
54

55-

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
30

92
93
94
95
96

**x#**ﬂ*ﬂ'ﬂ-##*****#*#****&*********ﬂ-%ﬂ-#**#********&**

11)

DIAGRAM STYLES ,
PLOT SEDIMENTS SYMBOL, RADIOCARBON DATES,

-TOTAL POLLEN CONCENTRATION-AND / OR POLLEN

-----------------------

ACCUMULATION RATE, RESULT OF LOSS ON IGNITION
ON EACH DIAGRAM UPON USER'S OPTION

------------------------

10
11

12

13
14
15
16
17
18
19
29
21
22
23
24
25

26

PALYDP
APFCSS

- DEPCAL
DIVSTS
PARSSS
PRfNTS

RATESS
RATIOS

RPFSSS
SUMUPS
WRITER

START THE PROGRAM

MAIN SUBPROGRAM

SUBROUTINE TO DETERMINE ABSOLUTE POLLEN
CONCENTRATION
SUBROUTINE TO MODIFY THE INFLUENCE OF ICE
LENSES ON POLLEN ACCUMULATION RATE
SUBROUTINE TO DETERMINE SPECEIS RICHNESS
AND DIVERSITY

SUBROUTINE
RATES,
SUBROUTINE
HEADING
SUBROUTINE
SUBROUTINE
RATIOS
SUBROUTINE
SUBROUTINE
SUBROUTINE

TO
TO

TO
TO

TO
TO
TO

DETERMINE POLL@N ACCUMULATION
PRINT A MATRIX WITH SPECEIS

CALCULATE SEDIMENTATION RATE
DETERMINE SELECTED POLLEN

DETERMINE POLLEN PERCENTAGE
CALCULATE THE SUM OF AN ARRAY
PRINT A MATRIX

SUBPROGRAM FOR PLOTTING DIAGRAMS

(INSTALLATION DEPENDENT ROUTINES)

CALPLT
POLPLT
APFPSS
DEPPLT
GENUSS
PRIMES
SCALES
SPECT1
SPECT2
STANDD
TRIPSS
TITLES
SEDPLT

CROSLN’

SUBROUTINE TO START THE PLOTTING
MAIN SUBPROGRAM FOR PLOTTING

SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE

SUBROUTINE

SUBROUTINE
SYMBOLS
SUBROUTINE

TO
TO
TO
TO
TO
TO
TO

TO

TO
TO
TO

TO

PLOT AN ARRAY IN TIME SERIES
PLOT DEPTH COLUMNS

WRITE SPECIES NAME ON DIAGRAM
PLOT PRELIMINARY ITEMS

PLOT SCALE ON DIAGRAM

PLOT A HISTOGRAM SPECTRA
PLOT A SAW-TOOTH SPECTRA
SCALE DATA FOR PLOTTING
PLOT TREE-SHRUB-HERB COLUMN
PLOT TITTLE OF DIAGRAM
START PLOTTING OF SEDIMENT

PLOT CROSS LINES SYMBOL

-----------------------------------
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98
99
lo0
101
102
103

lo4’

105
106
107
los

109
7%
111
112
113
114
115
1l1ls
117
118
119
120
121
122
- 123
124
125
126
127
128
129
130
131
132
133

134.

135
136
137
138
139
140
141
142
© 143
144
145
146
147

148
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c

.,

27
28

29 -

30
31
32
33
34

DASHED SUBROUTINE TO PLOTTCONDENCED DASH LINE H

DLINES SUBROUTINE TO PLOT DASH LINE SYMBOL

DOTPLT SUBROUTINE TO PLOT DOTTED SYMBOLS :
HLINES SUBROUTINE TO PLOT HORIZONTAL LINE SYMBOL

POLYGN SUBROUTINE TO PLOT POLYGON SYBOL 7 :
VDLINE SUBROUTINE TO PLOT VERTICAL DASH LINES :
VLINES SUBROUTINE TO PLOT VERTICAL LINES :
ZONESS SUBROUTINE TO PLOT ZONE BOUNDARIES _ o

------------------------

-------------------------------------

-----------------------------------------------------------

SCREEN
IREADC
IREADP
IREADD
1SEDSS
ISUMRY
ISTATD
IPRINT

SCREEN :
INPUT FILEAtOR CONTROL CARDS o

INPUT FILE FOR PREPARATION DATA )
INPUT DATA FILE ° _ :
INPUT FILE FOR SEDIMENT TYPES :
OUTPUT FILE FOR SUMARY DIAGRAM -
OUTPUT FILE FOR STATISTICAL DATA
OQUTPUT FILE FOR RESULTS

------------------------------------------------------------

1

SUBROUTINE REQUIRED: PALYDP

PROGRAM STARTS
PARAMETER (KD=15
INTEGER SCREEN
‘"CHARACTER LOCATE
CHAR(L
DIMENSION VAR(KD
COMMON /10/8C
SCREEN=0
IREADD=5
READ INPUT DATA
READ(IREADD, ' (A)"

100

0,LD=30) -
*40,PLACE*40, NAME*40, CARDS*80,
p*2)*20 . -

*LD*30),IVAR(LD)
REEN

J

;END=300) CARDS
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149
150
151
152
153
154
155

156

157
158
159
160
161
162
l63
le4
165
166
167
168

169

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
1193

194
195
196
197
198
199
200

- : ' 494

IF(CARDS(1:8).EQ. 'LOCATION') THEN
READ(CARDS(25:64), '(A40)') LOCATE
ELSEIF(CARDS(1:11).EQ. 'COORDINATES') THEN
READ(CARDS(25:64), '(A)') PLACE
ELSEIF(CARDS(1:8).EQ.'ANALYZER') THEN
READ(CARDS(25:64),'(A)')} NAME
ELSEIF(CARDS(1:17).EQ.'NUMBER OF SAMPLES') THEN
READ(CARDS(25:44), '(BN,I20)') K
ELSEIF(CARDS(1:14).EQ.'NUMBER OF TAXA') THEN
READ(CARDS(25:44), '(BN,I20)') L
GOTO 200 \
ELSE .
WRITE (SCREEN, '(2A)')' The first few lines in ',
1 ' data file is not recognized!
STOP :
ENDIF . :
GOTO 100 . A
300 WRITE(SCREEN,'(A)')' Input data file not found'
STOP -
200 CONTINUE
REWIND IREADD

c
C.... START THE PROGRAM
c .

CALL PALYDP(K,L,VAR(l),VAR(1+K);VAR(1+2*K),VAR(1+3*K),
VAR(1+4*K),VAR(1+5*K),VAR(I+6*K),VAR(1+7*K),
VAR(1+8*K),VAR11+9*K),VAR(1+¢0*K),VAR(1+11*K),
VAR(1+12*K),VAR(1+13*K),VAR(1%14*KJ,VAR(1+15*K),
VAR(1+16*K),VAR(1+17*K),VAR(1+18*K),VAR(1+19*K),
-VAR(1+20*K),VAR(1+21*K),VAR(1+22*K),VAR(1+23*K),
VAR(3+24*K)}, VAR(5+25%K), VAR (5+K* (254L) ),
VARIS+K*(25+2*L)),VAR(5+K*(25+3*L1J,
VAR(S5+K*(25+4*L) ), VAR (S+K* (25+5%L) ),
+ VAR(S5+K* (25+6*L)), VAR(5+K* (25+7%L) )+

VAR(5+K* (25+8%L}),
VAR(5+K*(25+8*L)+L),VAR(5+K*(25+8*L}+2*L),.
VAR(5+K*(25+8*L)+3*L),VAR(5+K*(25+8*L)+4*L),
IVAR(1),CHAR(1l),CHAR(1+L), IREADD)

PN WNHOMDO B WP

END

«+«+. SUBROUTINE REQUIRED: DEPCAL,SUMUPS,RPFSSS,APFCSS,RATESS,
' PARSSS,DIVIST,SELECT,RATIOS,CALPLT

aaoaaaoaaoan

SUBROUTINE pALYDPtK,L,WA,wp,wo,wc,VE,vw,sun,sunv,suns,
1 QSUMV, QSUME, SUMW, HERB, SHRUB, TREE, WATER, AGE,
2 DEPTH, TDEPTH, EXOTP, EXOTC, R, ORG, YD, B, POL, APFV, -
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201

3 RPF, APFE, APFW,PARV, PARE, X, DATE, DSTART, DEND,
202 4 DDEP, ZONE, J2, SPECIS DATES IREADD)
203 C
204 INTEGER SCREEN
205 CHARACTER CARDS*80,STYPE*10,SPECIS(L)*20,DATES(L)*20, -
206 1 STAT*1, IRAT*1,LOCATE*40,PLACE*40,NAME*40
207 LOGICAL WEIGHT, WV, MARKER, MODIF, DIVERS, EXW, IGP
208 ) DIMENSION BB(5),WA(K),WP(K},WD(K),WC(K)},VE(K),VW(K),
209 . .1 SUM(K),SUMV(K),SUME(K},QSUMV(K),QSUME(K),
210 2 SUMW(K),HERB(K),SHRUB(K), TREE(K), ¥YD{K+2),
211 3 B(K+2},DEPTH(K), TDEPTH(K),EXOTP(K),EXOTC(K),
212 4 R(K),AGE(K),WATER(K),ORG(K),J2(K)
213 * DIMENSION POL(K,L),RPF(K,L),APFV(K,L),APFW(K,L),
214 T APFE(K,L),PARV(K,L),PARE(K,L),X(K,L)
215 DIMENSION DATE(L),DSTART(L),DEND{L),DDEP{(L),ZONE(L)
216 DATA MODIF,DIVERS,EXW, IGP/4* .FEALSE./
217 COMMON - /IO/SCREEN/CONT/MARKER , WV, WEIGHT
218 C :
219 cC.. DEFINE 1/0
220 C
221 . IREADC=1
222 IREADP=3 .
223 ISUMRY=2 - '
224 ISTATD=4 ) r
225 IPRINT=6
226 C "
227 C.... INITIALIZE THE CONTROL CARDS '
228 C
229 MARKER=.FALSE.
230 WEIGHT=.FALSE. : .
231 R WV=.FALSE.
232 C
233 C.... READ CONTROL CARD
234 C
235 100 READ(IREADC,'(A)',END=200) CARDS
236 IF(CARDS(1:23).EQ. 'CONCENTRATION BY WEIGHT') THEN
237 WEIGHT=.TRUE.
238 ELSEIF(CARDS(1:30).EQ. 'CONCENTRATION BY EXOTIC MARKER')THEN
239 MARKER=.TRUE. )
240 ELSEIF{CARDS(I:30?§§8€‘CONCENTRATION BY WEIGHT-VOLUME' )THEN
241 . WV=,TRUE. . ,
242 ELSEIF(CARDS(1:27).EQ.'DETERMINE SPECIES DIVERSITY') THEN
243 ‘ DIVERS=.TRUE.
244 ELSEIF{CARDS(1:18).EQ.'SEDIMENTATION RATE') THEN
245 . READ(CARDS(25:35),'(A)') STYPE
246 IF(STYPE.EQ. 'REGRESSION') THEN i
247 READ(IREADC, *} IORDER, A, (BB(I),I=1, IORDER)
248 ENDIF
249 ELSEIF(CARDS(1:26).EQ. 'MODIFICATION OF ICE LENSES') THEN
250 READ(CARDS(27:80), ' (BN,2F10.3)') TSTART,TEND

251 MODIF=.TRUE.
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252 ELSEIF(CARDS(1:11).EQ.'END OF FILE') THEN
253 GOTO 200 i -
254 ELSE
255 _ WRITE(SCREEN, '(A)')"' Control carxd ID not recognized!
256 sSTopP
257 ENDIF
258 GOTO 100
259 200 CONTINUE
260 C
261 C.... READ INPUT DATA
262
263 WRITE(IPRINT,'(///60A)')('*',1=1,60)
264 WRITE(IPRINT, '(//T23,A) '} 'RESULT OF PALYDP'
265 WRITE(IPRINT,'(//60A)")('%' 1=1,60)
266 300 READ(IREADD, '(A)',END=400) CARDS
267 IF{CARDS(1:8).EQ.'LOCATION'} THEN
268 READ(CARDS(25:64), ' (A40)') LOCATE
269 WRITE(IPRINT, '(///B40)}') LOCATE
270 ELSEIF(CARDS(1:11).EQ. 'COORDINATES') THEN
271 READ(CARDS(25:64),'(A)') PLACE
272 _ WRITE(IPRINT, '(/A40)') PLACE ’
273 ' ELSEIF(CARDS(1:8).EQ.'ANALYZER') THEN
274 * READ(CARDS(25:64),'(A)'} NAME
275 WRITE(IPRINT,'(/A40)') NAME
276 ELSEIF(CARDS(1:17).EQ. 'NUMBER OF SAMPLES') THEN
277 WRITE(IPRINT, '(/A,I4)')'NUMBER OF SAMPLES IS 'K
278 ELSEIF(CARDS(1:14).EQ. 'NUMBER OF "TAXA') THEN
279 . WRITE(IPRINT, '(/A,I4)")'NUMBER OF TAXA IS ',L
280 ELSEIF(CARDS(1:19).EQ. 'NUMBER OF TREE TAXA') THEN
281 READ{CARDS(20:40), ' (BN,I20})') ITREE
282 ELSEIF(CARDS(1:20).EQ. 'NUMBER OF SHRUB TAXA') THEN
283 READ(CARDS(21:40),'(BN,I20)') ISHRUB
284 ELSEIF(CARDS(1:20).EQ.'TAXA INCLUDED IN SUM') THEN
. 285 READ(CARDS (21:40), '(BN,I20)') LS
. 286 WRITE(IPRINT, '(/A,I4)')'TAXA INCLUDED IN SUM IS',LS
287 ELSEIF(CARDS(1:12).EQ.'LIST OF TAXA') THEN
288 - WRITE(IPRINT,'(/A)')'TAXA IDENTIFIED'
289 © DO 1 I=1,L :
250 READ(IREADD, ' (T5,BN,13,T10,A20)')J,SPECIS(I)
291 WRITE(IPRINT, ' (T5,13,T10,A20)')I,SPECIS(I)
292 1 CONTINUE »
293 ELSEIF(CARDS(1:17).EQ. 'TABLE OF COUNTING') THEN
294 . DO 3 1=1,K
295 'READ(IREADD,*)J,(POL(I,J),J=1,L)‘
296 3 ' CONTINUE
297 ELSEIF(CARDS(1:19).EQ.'EXOTIC MARKER INPUT') THEN
298 ' READ(IREADD, *) (EXOTP(I),I=1,K)
299 ELSEIF(CARDS(1:21}.EQ. 'EXOTIC MARKER COUNTED') THEN
300 READ(IREADD, *) (EXOTC(I)},I=1,K)
301 . ELSEIF(CARDS(1:17).EQ.'WEIGHT OF RESIDUE') THEN
302 READ(IREADD, *) (WA(I),I=1,K)

303 ELSEIF(CARDS(1:22).EQ.'DEPTH LEVEL OF SAMPLES') THEN



304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
- 331
332
333
334
335
336
337
338
339
340
341
342
343
344

345

346

347
348
349
350
351

352
353
354

eNeNY

5

400

500

1
1
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READ(IREADD, *)(DEPTH(I),I=1,K)
ELSEIF(CARDS(1:17).EQ. 'RADIOCARBON DATES') THEN
READ(CARDS(18:38),'(BN,I5,BN,I5)') ID,IDP
pc 4 I=1,1D
READ(IREADD,*)DDEP(I),DATE(I)
CONTINUE
WRITE(IPRINT,'{(/A)"')'RADIOCARBON DATES:'
WRITE(IPRINT, '(T10,A,T25,A)"') 'Depth Interval', 'Dates’
DO 5 I=1,IDP
READ(IREADD,'(TS BN,F5.2,T15,BN,F5. 2,T25,A20)")
DSTART(I),DEND(I)}, DATES(I)
WRITE(IPRINT,'(T5,F5.2,T15,F5.2,T25,A203“)
DSTART(I),DEND(I),DATES(I}
CONTINUE

"ELSEIF(CARDS({1:15).EQ. '"ORGANIC CONTENT') THEN

IGP=.TRUE.
READ(IREADD, *)(ORG(I) I=1,K)
ELSEIF(CARDS(1:5).EQ. 'ZONES') THEN-~
READ (CARDS(6:35),'(BN,130)"') IZONE
READ(IREADD, *)(ZONE(I),I=1,IZ0NE-1)
ELSEIF(CARDS(1:11}. EQ 'END OF FILE'} THEN
GOTO 400 - ‘ '
ELSE
WRITE(SCREEN,'(A)')' Data file ID not recognized'
STOP "
ENDIF
GOTO 300
CONTINUE

READ PREPARATION RESULTS

IF(WEIGHT.OR.WV,OR.MARKER.OR.MODIF) THEN
READ(IREADP, ' (A)',END=600) CARDS
If}CARDS(l:l?).EQ.'WEIGHT OF RESIDUE') THEN
READ (IREADP, *) (WP(I),I=1,K)
ELSEIF(CARDS(1:20).EQ.'WEIGHT OF DRY SAMPLE') THEN
READ (IREADP, *) (WD(I),I=1,K)
ELSEIF(CARDS(1:18)}.EQ. 'VOLUME OF SAMPLE') THEN
READ(IREADP, *)(VW(I),I=1, K)
ELSEIF{CARDS(1:13) .EQ. 'WATER CONTENT'} THEN
READ (IREADP, *} (WATER(I),I=1,K)
‘ELSEIF(CARDS(1:23). EQ 'CONTENT OF EXCESS WATER') THEN
EXW=.TRUE. .
READ (IREADP, *} (VE(I),1=1,K)
ELSEIF(CARDS(1:11) .EQ. 'END OF FILE') THEN
GOTO 700
ELSE '
WRITE(SCREEN, '(A)')'Preparation result not understood'

STOP
ENDIF
GOTO 5G0
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356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
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377 -
378

379
380
381
382
383
" 384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

600

700

Qo

naa

Cc

C...

C
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WRITE(SCREEN, '(2A) ') 'Result of preparation not ',
1 tavallable'
STOP '
- CONTINUE
* ENDIF

MODIFICATION OF-/DEPTH ’

IF(MODIF) CALL DEPCAL (K, VW,WATER,VE,DEPTH, TDEPTH,
1 TSTART, TEND,EXW, IPRINT) '

sSuUM uUp - "%

CALL SUMUPS(K,L,1, ITREE, POL, TREE)
ISTART=1+ITREE

IEND=ITREE+ISHRUB

CALL SUMUPS(K,L,ISTART,IEND,POL, SHRUB)
CALL SUMUPS(K,L,1,LS,POL,SUM)

-

DETERMINE POLLEN PERCENTAGE

WRITE(IPRINT, '(/A)')}'RESULT OF POLLEN PERCENTAGE'
CALL RPFSSS(K,L,POL,SUM,TREE, SHRUB, HERB,RPF,SPECIS, IPRINT)

DETERMINE POLLEN CONCENTRATION

IF(WEIGHT) THEN
WRITE(IPRINT,'(/A)')'"POLLEN CONCENTRATION: WEIGHT METHOD'
CALL APFCSS(K,L,POL,SUM,WP,WA, WD, SUMW, WC, APFW,
1 SPECIS IPRINT)
ENDIF

IF(WV}) THEN

WRITE(IPRINT, '(/A,A)')'POLLEN CONCENTRATION: ',
1 ' WEIGHT-VOLUME METHOD' .
CALL APFCSS(K,L,POL,SUM,WP, WA, VW,SUMV, WC, APFV,

1 SPECIS, IPRINT)

ENDIF
IF (MARKER) THEN
WRITE(IPRINT,'(/A,A)"')'POLLEN CONCENTRATION: °',
1 'EXOTIC MARKER METHOD'
CALL APFCSS(K,L,POL,SUM,EXOTP, EXOTC,VW,SUME WC, APFE,

1 : SPECIS IPRINT)

ENDIF
DETERMINE POLLEN ACCUMULATION RATE

IF(ID.GE.1) THEN .
IF(WV.OR.MARKER) THEN
CALL RATESS(K,L,DEPTH,TDEPTH,DDEP,DATE,R, AGE, RATE,
1 MODIF,STYPE,BB,ID) ..
IF(WV) THEN
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407 WRITE(IPRINT, '(/A}') 'POLLEN ACCUMULATION RATES:'
408 WRITE(IPRINT, '(T5,A)"') 'WEIGHT-VOLUME METHOD'
409 CALL PARSSS(K,L,APFV,SUMV,R,PARV,QSUMV,SPECIS, IPRINT)
410 ENDIF
411 IF(MARKER) THEN
412 WRITE(IPRINT,'(/A}')'POLLEN ACCUMULATION RATES:!
413 : WRITE(IPRINT,'(T5,A)')'EXOTIC MARKER METHOD'
414 CALL PARSSS(K,L,APFE, SUME R,PARE,QSUME, SPECIS, IPRINT)
415 ENDIF
416 . ENDIF
417 ENDIF
418 C
419 C... DETERMINATION OF DIVERSITY
420 C
421 IF(DIVERS) CALL DIVSTS(K,L,POL,SUM,IPRINT)
422 C
423 C.... SELECTION OF TAXA FOR STATISTICAL ANALYSIS OR SUMMARY
424 C
425 WRITE(SCREEN,'(//A,A)')}' Select Taxa 'for a Special ‘',
S 426 1 'Purpose (Y/N)?' :
427 READ({SCREEN, '(Al)}"')}STAT
428 IF(STAT.EQ.'Y') THEN
429 800 WRITE(SCREEN, '(2A)')' Please clear screen and press ',
430 1 'RETURN to contlnue ..... .
431 PAUSE :
432 ; WRITE(SCREEN, '(8(/A),//A)") :
433 1 'l Original Counting!',
434 2 '2 Pollen Percentage',
435 3 '3 Accumulation Rate (Marker)',
436 4 ' 4 Accumulation Rate (WV)',
437 5 '5 Concentration (Marker)',
438 6 4 ¢ cConcentration (Wv)',
439 7 t7 Concentration (Weight)',
440 8 '8 No selection’',
441 S 'ENTER- YOUR CHOICE:'
442 ) READ (SCREEN, *) ISELT
443 IF(ISELT.EQ.1) THEN
444 DO 11 I=1,K -
445 , bo 11 J=1,L .
" 446 : X(I,J)=POL(I,J)
447 11 CONTINUE
448 ELSEIF(ISELT.EQ.2) THEN
449 DO 12 I=1,K
450 DO 12 J=1,L
451 X(I,J)=RPF(I,J) [
452 12 CONTINUE - )
453 ELSEIF(ISELT.EQ.3) THEN.
454 IF{MARKER) THEN
455 DO 13 I=1,K
456 PO 13 J=1,L
457 ~ X(I,J)=PARE(I,J)

458 13 CONTIN
N
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490
491
492
493
494
495
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504
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506
507
508

509

510

14

15

16

17

ELSE

GOTO 800
ENDIF
ELSEIF(ISELT.EQ.4) THEN
IF(WV) THEN
DO 14 I=1,K
DO 14 J=1,L
X(1,J)=PARV(I,J)
CONTINUE
ELSE

. 500

WRITE(SCREEN, ' (A) ') 'Exotic Marker Method not used!

WRITE(SCREEN "(A}')'Weight-volume Method not used'

GOTO 800
ENDIF
ELSEIF(ISELT.EQ.5)} THEN
IF (MARKER)} THEN.
DO 15 I=1,K
Do 15 J=1,L
X(I,J)=APFE(I,J)
CONTINUE
ELSE

WRITE(SCREEN,'(A)')'Exotlc Marker Method not used'

GOTO 800
ENDIF
ELSEIF(ISELT.EQ.6) THEN
IF(WV) THEN
DO 16 I=1,K
DO 16 J=1,L
X(I,J)=APFV(I,J)
. CONTINUE
ELSE

WRITE(SCREEN, ' (A)')'Weight-Volume Method not used'

GOoTO 800

ENDIF
ELSEIF(ISELT.EQ.7) THEN

IF(WEIGHT) THEN

DO 17 I=1,K

po 17 J=1,L

X(I,J) APFW(I J)

CONTINUE

ELSE

GOTO 800

ENDIF
ELSEIF(ISELT.EQ. B) THEN-

GOTO 900
ENDIF
WRITE(SCREEN ‘(/ay')!
WRITE(SCREEN,'(A)')!
WRITE(SCREEN, '(/A)")"'
READ(SCREEN, *} ISELT
IF(ISELT.EQ.1) THEN

2

-

WRITE(SCREEN, '(A) ') '"Weight Method not used’

t
y

1 For Statistical Analysis'
For Summary diagram Plot'
ENTER YOUR CHOICE !
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CALL SELECT(K,L,X,X,J2,LOCATE,SPECIS,ISTATD)
WRITE(ISTATD, '(A)}')'DEPTH LEVEL OF SAMPLES'
WRITE(ISTATD, '(5G10.2/(5G20.2))')(DEPTH(I),I=1,K)
WRITE(ISTATD,'(A).')'END OF FILE!
ELSEIF(ISELT.EQ.2) THEN

CALL SELECT(K,L,X,X,J2,LOCATE,SPECIS,ISUMRY)
WRITE(ISUMRY, '(A)')'DEPTH LEVEL OF SAMPLES'
WRITE(ISUMRY,'(5G10.2/(5G10.2})"'){(DEPTH(I),I= l K)
IF(IDP.GE.1l) THEN

WRITE(ISUMRY, '(A,T25,13) ') *RADIOCARBON DATES',IDP

DO 18 I=1,1DP

WRITE(ISUMRY,'(TS BN,F5.2,T15,BN,F5,2,T25,;A20)"')

DSTART(I),DEND(I), DATES(I)
CONTINUE
ENDIF
IF(IZONE.GT.1) THEN ,
WRITE(ISUMRY, '(A,T25,I3)"')'Z0NES',I1Z0NE
WRITE(ISUMRY, *)(ZONE(I),I=1,IZ0NE-1)
ENDIF
WRITE(ISUMRY, '(A)')'END OF FILE'
ENDIF
ENDIF

DETERMINE POLLEN RATIOS

WRITE(SCREEN, '(A)')' Calculate Pollen Ratios (Y/N}?'
READ(SCREEN, ' (Al)')IRAT
IF(IRAT.EQ.'Y'"} THEN
CALL RATIOS(K,L,RPF,SPECIS,X,J2,IPRINT)
ENDIF

PLOT POLLEN DIAGRAMS

STAT='N'
WRITE(SCREEN, '(A)')'Plot pollen diagram (Y¥/N) ?'
READ(SCREEN, ' (Al)')STAT .
IF(STAT.EQ.'Y'.OR.STAT.EQ.'y') THEN

CALL CALPLT(K,L,LS,LOCATE, PLACE,NAME, SPECIS, DEPTH,

1ZONE, ZONE, TREE, SHRUB SUM, RPF , SUME, APFE ,QSUME,
PARE, SUMV, APFV, QSUMV, PARV, SUMW, ADFW, DSTART,
DEND,DATES,IDP,IGP,ORG,X,YD,B,WC)

ENDIF

CLOSE (IREADD)

CLOSE( IREADC)

CLOSE ( IREADP)

END
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563 C
564 : SUBROUTINE APFCSS(K L,X,SUM,WP,WA, WD, SUMC wC, APF, SPECIS,
565 1 IPRINT)
566 C . _ y
567 C.... SUBROUTINE REQUIRED: PRINTS
568 C
569 CHARACTER*20 SPECIS(L)
570 DIMENSION SUM(K),SUMC(K),APF(K,L},X(K,L),WP(K), WA(K);
571 1 WD(K), WC(K)
572 C
573 bo 1 I1=1,K
574 WC(I)= WP(I)/(WD(I)*WA(I)J
575 . SUMC(I)=SUM(I)}*WC(I)
576 po 1 J=1,L
577 APF(I,J)=WC(I)*X(I,J)
578 1 CONTINUE
579 CALL PRINTS(K,L,APF,SPECIS, IPRINT)"“ o
580 WRITE(IPRINT, '(/2(3X A))'}'#','Total Pollen Concentration’
581 DO 11 I=1,K,5 -
582 I2=I+4
583 IF(I2.GT.K) I2=K -
584 WRITE(IPRINT,'(XI4,3X,5F9.0)')I,(SUMC(J),J=1,12)
585 1l CONTINUE
‘586 END
587 C
588 C R R L L T P
589 . C
590 ¢C SUBROUTINE DEPCAL '
591 C
592 C EE LR L L L P e )
593 C )
- 594 SUBROUTINE DEPCAL (K,Vv,H20V,VE,DEPTH,TDEPTH, TSTART,
595 1 TEND,EXW, IPRINT)
596 C
5917 LOGICAL EXW '
598 DIMENSION V(K),H20V(K}, DQPTH#K) TDEPTH(K) VE(K)
5899 C
600 C.... HODIFICATION OF 9% EXPANSION OF ICE
601 C
602 DELTA=0.0
603 DO 5 I=1,K
604 Il=1-1
605 IF{DEPTH(I)}.LE.TSTART) TDEPTH(1)=DEPTH{I)
606 IF(DEPTH(I).GT.TSTART.AND.DEPTH(I).LE.TEND) THEN
607 Al=(H20V(I)+H20V(I1l))*0.045 ‘
608 DELTA—DELTA+A1*(DEPTH(I)"DEPTH(Il))
609 ENDIF
610 TDEPTH(I) DEPTH(I) -DELTA
611 5 CONTINUE
612 C
613 C.... MODIFY EXCESS WATER

6l4 C
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IF(EXW) THEN
DELTA=0.0
DO 13 I=2,K
I1=I-1
IF(DEPTH(I1l).GE.TSTART) THEN
Al=(VE(I)+VE(I1))*0.5
DELTA=DELTA+Al* (DEPTH(I)~DEPTH(I1})
TDEPTH(I )=TDEPTH (I )-DELTA
V(I)=V(I)*(1.0~VE(I)) :
ELSE
V(I)=V(I}
TDEPTH(I)}=TDEPTH(I)
ENDIF
13 CONTINUE
ELSE

WRITE(IPRINT,'(/T5,2A})"') 'Excess water not measured,'

1 fonly 9% volume expansion caliberated'
ENDIF ’

END

SUBROUTINE DIVSTS(K,L,RPF,SUM,IP)
DIMENSION RPF(K,L),SUM(K)

WRITE(IP,'(/A)"')'S5PECIES RICHNESS AND DIVERSITY'
WRITE(IP,'(T5,A,T15,A,T25,A,T35,4A})")
1 'R1','R2','R3', 'Diversity’
Do 1 1=1,K
SPN=0.0
SHW=0.0
DO 2 J=1,L-1
IT=IFIX(RPF(I,J))
IF(IT.GT.0) SPN=SPNtl1l.0
RPF(I,J)=RPF(I,J)/SUM(I)
IF{RPF(1,J).GT.0.0) THEN
' SHW=SHW+RPF(I,J)*ALOG(RPF(1,J))
ELSE
SHW=SHW
END IF
2 CONTINUE
R1=SPN
R2=SPN/SQRT(SUM(I))
R3=(SPN-1.0)/ALOG(SUM(I))
SHW=-SHW
WRITE(IP,'(4F10.4)')R1,R2,R3, SHW ]
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667 1 CONTINUE
668 END
669 C
670 C OO CESS==CCoSECSSSCSSSRESSCSSCSSSSNSEESS==S
671 C
672 C SUBROUTINE PARSSS
67 Cc
674 C e L T L T P PR T
675 C :
676 SUBROUTINE PARSSS(K,L,APF,SUMC,R,Y,QSUM,SPECIS, IPRINT)
677 C
678 C.. SUBROUTINE REQUIRED: PRINTS
679 . C ‘
680 DIMENSION APF(K,L),Y(K,L),R(K),SUMC(K},QSUM(K)
681 CHARACTER*20 SPECIS(50}
682 C ' R
683 C.... CALCULATE THE POLLEN INFLUX
684 C .
685 Do 1 I=1,K
686 QSUM(I)=SUMC{I)*R(I)
687 po 1 J=1,L
688" Y(I,J)=APF(I,J}*R(I)
6089 1l CONTINUE
690 C
691 C.... PRINT OUT THE RESULTS
692 C '
693 CALL PRINTS(K,L,Y,SPECIS,IPRINT) :
694 WRITE(IPRINT,'(/T8,A)"')'Total Pollen Accumulation Rate:'
695 Do 2 I=1,K,5
696 I2=1+4
697 IF{I2.GT.K) I2=K
698 WRITE(IPRINT, '(14,3X,5G7.0)')I, (QSUM(J),J=1,12)
699 2 CONTINUE
700 END
701 C
702 Cc == =-==SECoCSCSSSCoESs=m=====s======zS====X2=
703 C
704 C SUBROUTINE PRINTS
705 C
706 C ——-C-=-SCoESSCSSECECSSECSSCSCSsEnESS=====S===
707 ¢ - o
708 SUBROUTINE PRINTS(N,M,A,SPECIS,IPRINT)
708 C
710 C... SUBROUTINE TO PRINT A MATRIX HAVING N ROWS AND M COLUMNS
711 C : o
712 CHARACTER SPECIS(M)*20
713 DIMENSION A(N,M) '
714 C
71% C.... PRINT MATRIX OUT IN STRIPS OF 5 COLUMNS
716 C
717 DO 1 I=1,M,5

718 I1=1+4



g

719
720
721
722
723
724
725
726
727
728

729

730
731
732
733
734

735

736
737

738

739
740
741
742
743
744
745
746
747

748 -
. 749

750
751
752
753
754
155
756
757
758
758
760
761
762
763
764
765
766
767
768
769
770
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IF(I1-M) 20, 20 10

10 Il=M
c
C.... PRINT HEADING
.
20 WRITE(IPRINT,'(/6X,5(8X, Aa)J')(spECIS(J) J=1,1I1)
DO 2 J=1,N : ' .
C i
C.... PRINT ROW OF MATRIX
C
WRITE(IPRINT,'(IX I15,5F12.2)')J, (A(J,K),K=I, 11)
2 CONTINUE
1 CONTINUE
END -
c
C -t - F- - 3§ F F 3 3 L X 5
c
c SUBROUTINE RATESS
C
C ———f— - —pog—p N St & § § ¥ F % § F F 5 § ¥ |
c
SUBROUTINE RATESS (K,L,DEPTH, TDEPTH, DDEP, DATE, R, AGE,
1 RATE,MODIF, STYPE, B, ID)
CHARACTER STYPE*10
.LOGICAL MODIF
DIMENSION DEPTH(K),TDEPTH(K),R(K),AGE(K),DATE(L},
. ; FRQ?E(L),DDEP(L),B(S)
DELTA=0.0 '

IF{MODIF) THEN
DO 75 J=1,ID
PO 76 1=2,K
I1=I-1
IF(DDEP(J) .EQ.DEPTH(I)) DDEP(J)=TDEPTH(I)
IF(DDEP{J)}.LT.DEPTH(I).AND.DDEP(J).GT.DEPTH(Il)) THEN
Y1=DDEP(J)-DEPTH(I1)
Y2=DEPTH(I)-DEPTH(I1)
YY2=TDEPTH(I)-TDEPTH(I1)
YY1=Y1*¥YY2/Y2
DDEP(J)= YY1+TDEPTH(11}
END IF
76 CONTINUE
75 CONTINUE

RATE(1)=DDEP (1)}/DATE(1)
DO 45 I=2,ID .
I1=1-1 ‘
IF(DATE(I).EQ.DATE(ILl)) RATE(I)=100.0
IF(DATE(I).GT.DATE(I1))
1 RATE(I)=(DDEP(I)-DDEP(I1))/(DATE(L)-DATE(I1))
IF(DATE(I).LT.DATE(I1)) RATE(I)=RATE(I1)



771

772

773
774
7%5
776

777

778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804

805

806
807
808
8039
810
811
812
813
814
815

816

817
818
819
820
821
822

~
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IF(RATE(I).GT.1.0) DELTA=DDEP(I)-DDEP(I1)
- IF(RATE(1).GT.1.0) ADEP=DDEP(I) "
45 . CONTINUE .
1I=1D+1

- 1F(DDEP(ID).LT.TDEPTH(K)) RATE(II)=RATE(IDg
IF(DDEP({1D).LT.TDEPTH(K)) DDEP(II)=TDEPTH(K)
IF (STYPE.EQ. 'REGRESSION') THEN
- DO 46 I=1,K ‘ :
IF(TDEPTH(I).LT.ADEP) TDEPTH(I)=TDEPTH(I)
IF(TDEPTH(I).GE.ADEP) TDEPTH(I)=TDEPTH(I)-DELTA
AGE(I)=A+B(1)*TDEPTH(I)+B(2)*TDEPTH(I)*TDEPTH(I)

1 +B(3)*TDEPTH(I)**3.0+B(4)*TDEPTH(I)**4.0
IF(AGE(I).LT.0.0) AGE(I)=0.0
45 CONTINUE
DO 780 I=2,K
I1=I-1
IF(AGE(I1).EQ.AGE(Il)) THEN
R(I)=R(I1)
ELSE
R{I}=(TDEPTH(I}-TDEPTH(IL))/(AGE(I} AGE(Il))
ENDIF
, IF(R(I).EQ.0.0) R(I)=R(I1)
780 . CONTINUE
R(1)=R(2)
ELSE

DO 48 I=1,K
IF(TDEPTH(I) LT.ADEF} TDEPTH(I)=TDEPTH(I)
IF{TDEPTH(I).GE.ADEP) TDEPTH(I)=TDEPTH(1)-DELTA
IF(TDEPTH(I).LE.DDEP(1)) R(I)=RATE(1)

DO 48 J=2,I1
IF{TDEPTH(I).LE.DDEP(J).AND.TDEPTH(I).ST.DDEP(J~1))

1 R(I)=RATE(J)
48 CONTINUE
Do 139 J=1,II
IF(DDEP(J) .GE.ADEP) THEN
DDEP (J)=DDEP(J)-DELTA
ELSE
DDEP(J)=DDEP(J)
ENDIF
139 CONTINUE

AGE(1)=TDEPTH(1)/R(1)

DO 47 I=2,K
I1=I-1
IF(R(I).GT.1.0} R(I)=R(I+1)

IF(R(I).NE.R(I1)}) THEN
DO 138 J=1,1I , '
~ IF(TDEPTH(I).GT.DDEP(J).AND.TDEPTH(Il).LE.
1 DDEP(J} )} THEN
C=DDEP(J)
NC=0
ENDIF
IF(TDEPTH(I).EQ.DDEP(J)) NC=1



823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846

847.

8148
849
850

gs1

852
853
854
855
856

- 857

858
859
860

861

862
863
864

865"

866

867

868
869
870
871

. 872
873

874
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138 CONTINUE
: IF(NC.EQ.0} THEN
Al=(C-TDEPTH(I-1))/R(I1l}
A2=(TDEPTH(I)-C)/R(I)
o AGE(I)=Al+A2+AGE(Il)
ELSE
AGE(I)—(TDEPTH(I) TDEPTH(IL)}/R{I)+AGE(I1)
ENDIF .
NC=0
‘ELSE
AGE(I)= (TDEPTH(I) TDEPTH(IlJ)/R(I)+AGE(Il)
. END IF
4P CONTINUE
ENDIF ' ' .
ELSEIF( .NOT.MODIF) THEN
RATE(1)=DDEP(1)/DATE(1)}
DQ 98 I1=2,ID
“r1=I-1
IF(DATE(I).EQ. DATE(Il)) RATE(I)=100.0
IF(DATE(I}.GT.DATE(Il))

1 RATE(I)=(DDEP(I)-DDEP(I1})/(DATE(I)-DATE(I1))
IF{DATE(I).LT.DATE(I1)) RATE¢I)=RATE(I1)}
IF(RATE(I)}.GT.1.0) DELTA=DDEP(I)-DDEP(Il)
IF(RATE(I).GT.1. 0) ADEP=DDEP(I)

38 CONTINUE

II=ID+1

IF(DDEP(ID).LT.DEPTH(K)) RATE(II)=RATE(ID)

IF(DDEP(ID)}.LT.DEPTH(K)) DDEP(II)=DEPTH(K)

IF(STYPE.EQ. 'REGRESSION') THEN :

DO 789 I=1,K

IF(DEPTH(}).LT.ADEP) TDEPTH(I)=DEPTH(I)
IF(DEPTH(I).GE.ADEP) TDEPTH(I)=DEPTH(I}-DELTA
AGE(I)=A+B(1)*TDEPTH(I)+B(2)*TDEPTH(I)*TDEPTH(I)

1 +B(3)*TDEPTH(I)**3.04B(4)*TDEPTH(I)*%4.0
IF(AGE(I).LT.0.0) AGE(I)=0.0
789 _  CONTINUE: 4
DO 790 I=2,K ‘ : :
I1=I-1
IF(AGE(I).EQ.AGE(I1)) THEN o .
R(I}=R(I1) *
ELSE |
R(1)=(TDEPTH(I)-TDEPTH(I1))/(AGE(I)~AGE(I1))
ENDIF
IF(R(I).EQ.0.0) R(I): R(Il)
790 CONTINUE
R(1}=R(2)
‘ELSE

DO 49 I=1,K
IF(DEPTH(I).LT.ADEP) TDEPTH(I)=DEPTH(I)
IF(DEPTH(I).GE.ADEP) TDEPTH(I)=DEPTH(I)-DELTA

DO 49 J=2,II
IF(DEPTH(I).LE.DDEP(1)) R{I}=RATE(1)
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875 : '. IF(DEPTH(I).LE. DDEP(J) AND. DEPTH(I) GT.DDEP(J-1))

876 1 R(I)=RATE(J}

877 49 CONTINUE .

878 - DO 148 J=1,11

879 IF(DDEP(J) .GE.ADEP) THEN “
880 " DDEP(J)=DDEP(J)-DELTA

881 ELSE _

882 . DDEP(J)=DDEP(J)

883" ENDIF _

884 148 CONTINUE -

885 AGE(1) TDEPTH(l}/R(l)

886 ~ DO 40 1=2,K

887 I1=I1-1 :

888 .. "IF(R(I).GT.1.0) R(I) R(I+1)

889 IF(R(I).NE.R(I1)) THEN

890 DO 149 J=1,11

891 IF(DEPTH(I) GT.DDEP(J).AND.DEPTH(I1l}).LE.DDEP(J))
892 1 : THEN )

893 _ C=DDEP(J))

894 : NC=0

895 . ENDIF

896 IF(DEPTH(I).EQ.DDEP(J}) NC=1

897 - 149 . CONTINUE

898 . IF(NC.EQ.0)  THEN . :

899 Al=(C-TDEPTH(IL))}/R(I1)" .

900 A2=(TDEPTH(I)-C)/R(I)

901 ’ " . AGE(I)=Al+AZ2+AGE(Il)

902 ELSE

903 AGE(I)=(TDEPTH(I)-TDEPTH(I1))/R{I)+AGE(I1l)}
904 ENDIF '

305 - ELSE i
906 AGE(1)=(TDEPTH(I)~ TDEPTH1Il))/R(IJ+AGE(Il) ‘
907 - END IF

908 40 CONTINUE

909 ,- ENDIF |

910,# =70 ENDIF .

911 999 END

912 C o

‘913 C =====================‘===============

914 C

915 ¢ SUBROUTINE RATIOS

916 C

917 c 331 Ittt 131113111 3311

918 ¢

919 SUBROUTINE RATIOS(K,L,RPF,SPECIS,RATIO,J2,1P)

920 C .

921 INTEGER ' SCREEN

922 CHARACTER SPECIS(L)}*20

923 DIMENSION RPF(K,L),RATIO(K,L),J2(K}

924 COMMON /10/SCREEN

925 C

926 WRITE(SCREEN, ' (A) ') 'How many&fatios to be determined ?'



927
928
929
930
931
932
933
934
935
936
937
938
939
940

© 941

942
943

944
945

946
947

948
949

950
951

952
953

954
955

356

957
958

959

960

1

963
964
965
966
967
968
969
370
971
972
973
974
975
976

)

READ ( SCREEN, *) IR
L1=L-1
DO 21 JJ=1,L1,2
AJ31=3J+1
IF(J1.LE.L1) THEN :
‘ WRITE(SCREEN, ' (2(I3,2X,A20))')JJ,SPECIS(JJ),J1,
1 SPECIS{JL1) , :
ELSE .
WRITE(SCREEN, ' (13,2X,A20)')JJ,SPECIS(JJ)
ENDIF

509

- 21 CONTINUE =

aaQa ., aoaoaaoann

2

Do 1 J=1,IR .
JB=J*2
JA=JB-1 . r
WRITE(SCREEN, '(A)')'Which pair of taxa ?'
READ (SCREEN, *)J2(JA),J2(JB)
DO 2 1=1,K
JC=J2(JA)
JD=J2(JB)
IF(RPF({I,JD).GT.0.0) THEN
RATIO(I,J)=RPF(I,JC)/RPF(I,JD)
ELSE
RATIO(I,J)=RATIO(I-1,J)
END IF
CONTINUE
CONTINUE

WRITE(IP,'(/A)')'SELECTED POLLEN RATIOS'
DO 5 J=1,IR -

JB=J*2

JA=JB-1

JA=J2(JA) '

JB=J2(JB)

WRITE(IP,'(/T5,BN,3A)"')SPECIS(JA),"' vs ',SPECIS(JB)

WRITE(IP, '(4X,5F10.4/(4X,5F10.4)) "} (RATIO(I,J),I=1,K)
CONTINUE _
END

SUBROUTINE READIN(N,M,FVAR, IREAD)

.. SUBROUTINE TO READ A MATRIX WITH N BY M DIMENSION

DIMENSION FVAR(N,M)
CHARACTER*4 A



977
978
979
980
981
982
983
984
985
986
987
988
989
990

991
992
993
99 4

995,

996
997
998
999
1000

" 1001

1002
1003
1004
1005
1006
1007
1008
1008
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
10214
1025
1026
1027
1028
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READ MATRIX IN STRIPS OF 5 COLUMNS (;\
_.DO 1 I=1,M,5 ’
CIT=T+4
IF(I1-M) %0,20,10
I1=M

o
C...
c
10
c
c..
c
20
Cc
c..
c
2
1
999
C
c
C
o
Cc
c
C
c
c.
c
Cc
1
2

1

1

1

READ HEADING
READ(IREAD, ' (/6X,5(8X,A4))')A,T
READ ROW OF MATRIX

DO 2 J=1,N
READ(IREAD,'(IX I5 5F12 2)')JJ (FVAR(J,K),K=1,11)
CONTINUE
CONTINUE
RETURN .
END . ' . ‘

SUBROUTINE RPFSSS(K,L,X,SUM, TREE, SHRUB, HERB, RPF, SPECIS,
IPRINT)

SUBROUTINE REQUIRED: PRINTS

CHARACTER SPECIS(L)*20
DIMENSION X({K,L),SUM(K),RPF(K,L),TREE(K},SHRUB(K),
HERB(K)

DO 1 I=1,K
HERB(I)=SUM(I)~TREE(I)-~ SHRUB(I)
TEMP=100.0/SUM(1) -
TREE(I)=TREE(I)*TEMP "
SHRUB(I)=SHRUB(I ) *TEMP
HERB(I)=HERB(I)*TEMP

. D01 J=1,L

RPF(I,J)=X(I, J) *TEMP
CONTINUE
CALL PRINTS(K,L,RPF,SPECIS,IPRINT) '
WRITE(IPRINT, '(/T16,A,T30,A,T46,A)') 'Tree', 'Shrub', 'Herb"'
DO 2 I=1,K

WRITE(IPRINT,'(T10,F10.1,T25,F10.1,T40,F10. 1))

TREE(I),SHRUB(I), HERB(I)

CONTINUE .
END



1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046

Qoo Qoo

1047 ~

1048
1049
1050
1051
1052
. 1053
1054

1055 -

1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1672
1073
1074
1075
1076

1077.

1078
1079
1080

_._—===—-—__==...=_——-—.—.———:—.—.—::——————-

SUBROUTINE SELECT(X,L,X,Y,J2,LOCATE,SPECIS, ISLT)
SUBROUTINE REQUIRED: WRITER h

INTEGER SCREEN

CHARACTER LOCATE*40,SPECIS(L)*20
DIMENSION X(K,L),J2(K),Y(K,L)
COMMON /10/SCREEN

WRITE(ISLT,'(A,T25,A)"') 'LOCATION', LOCATE
WRITE(SCREEN, '(A)')' How many taxa do yosu wish to use 7'
READ(SCREEN,*)II .
WRITE(ISLT,'(A,T25,14)')'NUMBER OF SMMPLES' ,K
WRITE(ISLT,'(A,T25,14)') 'NUMBER OF TAXA',I11
WRITE(SCREEN,'(2A)')' Please clea:r screeh and press ',
1 : 'RETURN to continue...... !
PAUSE
L1=L-1 :
DO 1 JJ=1,L1,2

J1=3J+1

IF(J1.LE.L1) THEN

WRITE(SCREEN, ' (2(13,2X,A20))")JJ,SPECIS(JJ),JL,

1 SPECIS(J1) _ '

ELSE ‘
WRITE(SCREEN,'(I3,2X,A20)')JJ,SPECIS(JJ)

ENDIF
CONTINUE .
WRITE(SCREEN,'(A)')' Which taxa do you need ?'
READ (SCREEN, *) (J2(I),I=1,II) . 3
WRITE(ISLT,'(A})')'LIST OF TAXA'
DO 2 J=1,II

JS8=J2(J)

WRITE(ISLT,'(T5,13,T10,A20)')J,SPECIS('JS)
CONTINUE .
Do 3 J=1,1I

J1=J2(J)

DO 4 I=1,K

Y(I,J)=X(1,J1)

CONTINUE
CONTINUE
WRITE(ISLT, '(A)'}'DATA'
DO 6 I=1,K . , \\}.

WRITE(ISLT,'(I3,1X,5F10.2/(4X,5F10.2))")1, ( (1,3),J=1,11)
CONTINUE ) e ‘
END



1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098

- 1099

1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
il11e
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132

o
c
o
c
o
o
c
c
o
\
1
C
o
o
o
o
c
c
o
c
C....
C
10
c
c...
c
20
c
Counn
o
2
1
999
o
c
o
c
C
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SUBROUTINE SUMUPS(K,L,ISTART,IEND,X,Y)

. DIMENSION- X(K,L),%(K)

DO 1 I=1,K : 5
Y(I%=0.0 !
DO 1 J=ISTART,IEND

Y(I)=Y(I)+X(I,J)

CONTINUE

END

SUBRQUTINE WRITER(N,M,A,IPRINT)
DIMENSION A(N,M)
PRINT MATRIX OUT IN STRIPS OF 5 COLUMNS

DO 1 I=1,M,5
I1=I+4
IF(I1-M) 20,20,10
I1=M

PRINT HEADING - ‘ .
WRITE(IPRINT, ' (/6X,5(8X,14))"')(J,J=1,11)

PRINT ROW OF MATRIX : -
Do 2 J=1,N ’
WRITE(IPRINT '(1x,15,5F12.4)')J, (A(J K}, R= I,I1)
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE CALPLT



1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149

1150

1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167

1168-

1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184

c
Cc
c
c

.

C....
Covts

c
c
C

c
c
C

- 40N

910

1
3
4

1

s W=

1

G N W

SUBPROGRAM
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PRSI+ s 41 ¢ ¢+ + + 1+ F 1 F 1§ -

CALPLT AND ITS RELATED SUBROUTINES ARE

DESIGNED FOR PLOTTIN PALYNOLOGICAL DATA AND OTHER

SUBROUTINE

SUBRCOUTINE

SUBROUTINE

INTEGER
CHARACTER

LOGICAL
DIMENSION

COMMON

CHARTS USING CALCOMP PLOTTER SOFTWARE .PACKAGE

REQUIRED: POLPLT

CALPLT(K,L,LS,LOCATE, PLACE, NAME, SPECIS, DEPTH,
1Z,BY, TREE, SHRUB, SUM, RPF, SUME, APFE, QSUME,
PARE, SUMV, APFV, QSUMV, PARV, SUMW, APFW, DSTART,
DEND, DATES, ID, IGP, ORG,RPFR, YD, B, AMAX)

REQUIRED: POLPLT

SCREEN
CHART*43,LOCATE*40, NAME*40,PLACE*40,

.SPECIS(L)*20,DATES(L)*20
" MARKER, WV, WEIGHT, IGP

TREE(K),SHRUB(K),SUM(K),BY(L),SUMV(K),
SUMW(K),SUME(K) ,QSUME{K),QSUMV(K),B(K+2),
RPF(K,L),APFV{K,L) ,APFE(K,L),APFW(K,L),
PARE(K,L),PARV(K,L)},DEPTH(K),¥YD(K+2),
DSTART(L),DEND(L),AMAX (K),ORG(K)
/COM1/NGR,NN/10/SCREEN/CONT/MARKER, WV, WEIGHT

WRITE(SCREEN, '(2A)')'Please clear screen and hit ',

'RETURN to continue!

PAUSE : -
WRITE{SCREEN,910 .
FORMAT (' 1 Percentage',/

! 2 Accumulation Rate (MARKER)',/

! 3 Accumulation Rate (WV)',/

! 4 Concentration (MARKER)',/

! 5 Concentration (wWv})',/

! 6 Concentration (WEIGHT)',//

'Which diagram do you want to plot 2')
READ(SCREEN, * )NN

IF(NN.EQ.1) THEN

CHART='POLLEN PERCENTAGE DIAGRAM : '
ELSEIF (NN.EQ.2) THEN'

CHART='POLLEN ACCUMULATION RATE: MARKER METHOD !
ELSEIF (NN.EQ.3) THEN |

CHART='POLLEN ACCUMULATION RATE: V-% METHOD' '
ELSEIF (NN.EQ.4) THEN .

CHART='POLLEN CONCENTRATION: MARKER METHOD '
ELSEIF (NN.EQ.5) THEN

CHART='POLLEN CONCENTRATION: VOLUME-WEIGHT METHOD '
ELSEIF(NN.EQ.6) THEN _

CHART='POLLEN CONCENTRATION: WEIGHT METHOD '

Leiad
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ENDIF

WRITE(SCREEN, '(2(A/)/A) ')}

1! 1l Histqgram','. 2 saw-tooth curves’',

2 'What kind of diagram do you want to plot 2! ‘
READ (SCREEN, *}NGR

WRITE(SCREEN, '(A) ') 'Enter paper length (cm):'
READ(SCREEN, *)PAPER -

CALL PLOTS(PAPER,27.5) ‘ -
CALL PLOT(5.0,5.0,-3)

IF(NN.EQ.1) THEN
IF(MARKER) THEN

CALL POLPLT(K,L,DEPTH, SUME,QSUME, TREE, SHRUB, RPF, LS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES, 1D,
1Z,BY,CHART, SUM, YD, B, AMAX, RPFR, APFW, IGP, ORG)

ELSEIF(WV) THEN '

CALL POLPLT(K,L,DEPTH, SUMV,QSUMV, TREE, SHRUB, RPF, LS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES, ID,
1Z,BY,CHART, SUM, YD, B, AMAX, RPFR, APFW, IGP, ORG)

ELSEIF(WEIGHT) THEN
CALL POLPLT(K,L,DEPTH,SUMW,QSUMW, TREE, SHRUB, RPF, LS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES , ID,
1Zz,BY,CHART, SUM, YD, B, AMAX, RPFR, APFW, 1GP, ORG)

N

N -

ELSE ,
CALL POLPLT(K,L,DEPTH,WC, WC, TREE, SHRUB, RPF, LS,
1 LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES,, ID,
2 1Z,BY,CHART,SUM, YD, B, AMAX, RPFR, APFW, IGP, ORG)
END IF
ELSEIF(NN.EQ.2) THEN
IF (MARKER) THEN :
- CALL POLPLT(K,L,DEPTH, SUME, QSUME, TREE, SHRUB, PARE, LS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES, 1D,
1z,BY,CHART, SUM, YD, B, AMAX, RPFR, APFW, IGP, ORG)

2SI o

ELSE
WRITE(SCREEN, '(A) ') 'Exotic marker method not used’
STOP
ENDIF
ELSEIF(NN.EQ.3) THEN
IF(WV) THEN -
CALL POLPLT(K,L, DEPTH, SUMV, QSUMV, TREE, SHRUB, PARV, LS,
LOCATE,PLACE,NAME,SPECIS,DSTART,DEND,DATES,ID,
1z,BY,CHART,SUM, YD, B, AMAX,RPFR, APFW, 1GP, ORG )’

N =

ELSE
WRITE(SCREEN, ' (A) ') 'Weight~Volume méthod not used'
%FOP '
ENDIF
ELSEIF(NN.EQ.4) THEN
IF(MARKER) THEN
CALL POLPLT(K,L,DEPTH,SUME,QSUHE,TREE,SHRUB,APFE,LS,
1 LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES, 1D,
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1Z,BY,CHART, SUM, YD, B, AMAX, RPFR, APFW, IGP, ORG)

ELSE

WRITE(SCREEN, ' (A)') 'Exotic marker method not used'

sTOP
ENDIF

ELSEIF(NN.EQ.5) THEN
IF(WV) THEN
CALL POLPLT(K,L,DEPTH,SUMV, QSUMV TREE, SHRUB, APFV, LS,
LOCATE, PLACE NAME, SPECIS DSTART, DEND DATES 1D,

ELSE

1Z,BY,CHART, SUM YD B, AMAX RPFR, APFW IGP, ORG)

WRITE(SCREEN, '(A}') 'Weight-Volume method not used’

STOP
ENDIF

ELSEIF(NN.EQ.6) THEN
IF(WEIGHT) THEN
CALL POLPLT(K,L,DEPTH,SUMW, TREE, TREE, SHRUB, APFW, LS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES, ID,
1%, BY, CHART, SUM, YD, B, AMAX, RPFR, ADFE, 1GP , ORG)

ELSE

WRITE(SCREEN, '(A)')'Weight method not used' .

STOP
ENDIF
END IF

CALL PLOT(0.0,0.0, 999)

WRITE(SCREEN, '(A) ') 'Normal end of plotting

END

SUBROUTINE

SUBROUTINE

INTEGER
LOGICAL
CHARACTER

DIMENSION

COMMON

POLPLT(K,L,DEPTH, APF,QSUM, RAP, RSHRUB, RPF, LSS,
LOCATE, PLACE, NAME, SPECIS, DSTART, DEND, DATES,
1D,1%2,BY,CHART, SUM, YD, B, AMAX,RPFR, APFT, IGP, ORG)

REQUIRED: PRIMES, TRiPSS STANDD, SCALES, SPECTl

SPECT2,GENUSS, APFPSS, ZONESS, DEPPLT,
TITLES :

SCREEN

IGP,MARKER, WV, WEIGHT

CHART*43,LOCATE*40, PLACE*40, NAME*40,
SPECIS(L)*20,DATES (L)*20
DEPTH(K),YD(K+2),DSTART(L),DEND(L),BY(L),
RAP(K),RPFR(K,L),RSHRUB(K),AMAX(K),B(K+2),
RPF(K,L),APF(K),QSUM(K),SUM(K),APFT(K,L),ORG(K)
/COM1/NGR,NN/I0/SCREEN/CONT/MARKER, WV, WEIGHT
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IF(DEPTH(K).GE.300.0) A=0.02%

IF(DEPTH(K).GE.150.0.AND.DEPTH(K).LT.300.0) A=0.05

IF(DEPTH(K).LT.150.0.AND.DEPTH(K).GT.50.0) A=0.1 .

IF(DEPTH(K).LE.50.0) A=0.4

DEPTHP=DEPTH (K ) *A

DX=DEPTHP+0. 2

CALL PRIMES(K,L,A,PLACE,LOCATE,NAME,DX,DEPTH,YD,DATES;
ID,DSTART, DEND, APF,QSUM, XL, LSS, XT, B, APFT, AMAX, RPFR )

IF{NN.EQ.1) THEN
CALL TRIPSS(K,DX,RAP,RSHRUB,YD,B,X)
XL=XL+X

.ENDIF

PLOT OF MAIN DIAGRAM

CALL STANDD(K,L,RPF,RPFR, AMAX,1S)

CALL SCALES(K,L,RPF, AMAX, XX, LSS) .
IF(NGR.EQ.1) THEN =
CALL SPECT1 (K,L,RPF,RPFR,YD,DEPTHP)
ELSEIF(NGR.EQ.2) THEN -
CALL SPECT2 (K,L,RPF,YD,B,DEPTHP )

ENDIF
CALL GENUSS(K,L,SPECIS,RPF,DX, XX)
XL=XL+XX

. PLOT OF POLLEN SUM

CALL PLOT(0.0,0.0,3)
CALL PLOT(0.0,DEPTHP,2)
IM=0 #' :
CALL APFPSS(K,1,SUM, RPF, YD, IM, B, AMAX, RPFR, XX, LSS,
DEPTHP)
C=0.2-XX
IF{IM.EQ.1) THEN
CALL SYMBOL(C,DX,0.28, 'POLLEN SUM (X10)',45.0,16)
ELSEIF(IM.EQ.2) THEN :
CALL SYMBOL(C,DX,0.28, 'POLLEN SUM (X100)*,45.0,17)

ELSEIF(IM.EQ.3) THEN

CALL SYMBOL(C,DX,0.28, 'POLLEN SUM (XlOOO)',4§.0,18)

- ELSEIF(IM.EQ.4)} THEN

CALL SYMBOL(C,DX,0.28, 'POLLEN SUM {X10000)',45.0,19)
ELSEIF(IM.EQ.5) THEN

CALL SYMBOL(C,DX,0.28, 'POLLEN SUM (X100000)',45.0,20)
ENDIF
CALL PLOT{0.0,0.0,3)
XL=XL+XX

PLOT LOSS ON IGNITION

IF(IGP) THEN
CALL PLOT(0.0,0.0,3)
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CALL PLOT(0.0,DEPTHP,2)

CALL APFPSS(K,1,ORG,APFT, YD, IM,B, AMAX,RPFR, XX, LSS,
1 DEPTHP)

C=0.2-XX )

CALL SYMBOL(C,DX,0.28, 'ORGANIC CONTENT',45.0,16)

CALL PLOT(0.0,0.0,3)

XL=XL+XX

ENDIF
(o .
C.... DRAW THE BOUNDARY OF ZONES
c

IF(1Z.GT.1) CALL ZONESS(L,IZ,BY,DE?THP,XL,A)
c
C.... PRINT DEPTH OF THE PROFILE AT RIGHT SIDE OF DIAGRAM
[ .

CALL DEPPLT(DX,A)
c
C.... PRINT THE TITTLE OF PLOTED DIAGRAM
c

CALL TITLES(CHART,XL,IS,XT)

CALL PLOT (5.0,0.0,-3) -

END '
C
C B 5 5 F F 5 3 b X
c
c SUBROUTINE APFPSS
c
c = e L T T T
c

SUBROUTINE APFPSS(K,L,ABF,APFT,YD,IM,B,AMAX,RPFR, XX,

1 L.SS,DEPTHP) ~
c
C.... SUBROUTINE REQUIRED: >: STANDD, SCALES, SPECT2
c

DIMENSION APF(K},APFT(K, L) YD(K+2),B(K+2),AMAX(L),

1 RPFR(K,L)
c

DO 1 I=1,K

APFT(I,1)=APF(I)
1 CONTINUE

CALL STANDD(K,L,APFT,RPFR,AMAX,IM)

CALL SCALES(K,L,APFT, AMAX,XX,LSS)

CALL SPECT2(K,L,APFT,YD,B, DEPTHP)

END _
(o
c 3 44 -4 F 34— -3 ¥ 7 3 L Lt F ¥ 3 3 3 T 33
C
c SUBROUTINE DEPPLT
C
C =================================".—'==
c

SUBROUTINE quﬁiT(Dx,A)
AN

.
-
..
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DEPTHP=DX~0. 2
CALL PLOT(0.0,0.0,3) -
CALL PLOT(0.0,DEPTHP, 2)
CALL SYMBOL({0.2,DX,0.28,10HDEPTH (CM),45.0, 10)
CALL PLOT(O0.0, DEPTHP 3)
S=DEPTHP
CALL PLOT(0.0,S,3)
CALL PLOT(0.2,5,2) | ~
§8=5-0,2
I=1
CALL PLOT(0.9,SS,3)
CALL PLOT(0.1,SS,2)
$5=55-0.2
IF(SS.LT.0.0) GOTO 560
IF(I.EQ.4) GOTO 556
=I+1
GOTO 555
8=8-1.0
IF(S.LT.0.0) GOTO 560 *
GOTO 550
P=0.0 -
S=DEPTHP-0.1
CALL PLOT(0.0,S,3)
CALL NUMBER(0.3,S5,0.21,P,0.0,-1)
IF(A.EQ.0.4) P=P+5.0
IF(A.EQ.0.1) P=P+20.0
IF(A.EQ.0.05) P=P+40.0

§=5-2.0
IF(S.LT.0.0) GOTO 580
GOTO 570
CALL PLOT(1.5,0.0,-3)

END

SUBROUTINE GENUSS(K,L,SPECIS,RPF,DX,XX)

CHARACTER SPECIS(L)*20
DIMENSION RPF(K,L)

CALL PLOT(-XX,0.0,-3)
X=0.0-
po 1 J=1,L
CALL PLOT(X,0.0,-3)
CALL SYMBOL(0.2,DX,0.28,SPECIS(J),45.0,20)
RMAX=0.0
DO 2 I=1,K
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IF (RMAX.LT.RPF(I,J)) RMAX=RPF(I,J)
CONTINUE
MAX=IFIX(RMAX)*2+1
X=FLOAT(MAX)*0.5+0.8
CONTINUE
CALL PLOT(:X,0.0,-3)
END

SUBROUTINE PRIMES(K,L,A,PLACE,LOCATE,NAME, DX,DEPTH, YD,
DATES, ID,DSTART, DEND, APF,QSUM, XL, LSS, XT, B,
APFT, AMAX, RPFR)

SUBROUTINE REQUIRED: SEDPLT,DEPPLT,APFPSS

INTEGER © SCREEN
LOGICAL ' MARKER, WV, WEIGHT
CHARACTER DATED*1,APFP*1,PARP*1, DATES (L) *20, LOCATE*40,
. PLACE*40, NAME*40
DIMENSION DEPTH(K),YD(K+2),DSTART(L),DEND(L),APF (¥,
_ QSUM(K),APFT(K,L),B(K+2),AMAX(K),RPFR(K,L)
COMMON °~  /COM1/NGR,NN/IO/SCREEN/CONT/MARKER, WV, WEIGHT

DEPTHP=DX-0.2
DDX=DX+0.25
TITLE=DEPTHP+7.0
TITL=TITLE-1.3
AUTHOR=TITL-1.3
XL=0.0

CONVERSION OF DEPTH FOR PLOTTING
DO 1 I=1,K

YD(I)= (DEPTH(K)-DEPTH(I))*A
CONTINUE

>

'IF(MARKER.OR.WV.OR.WEIGHT) THEN

WRITE(SCREEN, ' (A)')'Plot total APF on diagram (Y/N)?'
READ (SCREEN, ' (Al) ') APFP
ENDIF
IF (MARKER.OR.WV) THEN
IF(ID.GT.0) THEN
WRITE(SCREEN, '(A)')'Plot total PAR on diagram (Y/N) ?°
READ(SCREEN, ' (Al) ' }PARP
ENDIF
ENDIF
IF(ID.GT.0) THEN
WRITE(SCREEN, '(A) '} 'Draw dates on diagram (Y/N) 2!
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READ(SCREEN, ' (Al) ' )DATEP

END IF
o Lo
C.... DRAW LEGENDS AND SEDIMENTS SECTION
c .
_CALL SEDPLT(DEPTHP,A,XT,Q)
c
C.... DRAW TNE LOCATION OF STUDY AREA ON DIAGRAM
c
CALL SYMBOL{Q,TITLE,O0.8,LOCATE,0.0,40)
CALL SYMBOL(Q,TITL,0.5,PLACE,0.0,40)
CALL SYMBOL{Q,AUTHOR,0.4,NAME, 0.0, 40)
c

C.... PRINT DEPTH OF THE PROFILE AT LEFT SIDE OF DIAGRAM

CALL DEPPLT(DX,A)
DEPTHP=DEPTH(K)}*A

c
C.... PLOT OF RADIOMETRIC DATES
C .

IF(ID.GT.0) THEN
IF(DATEP.EQ.'Y') THEN
CALL PLOT(0.0,DEPTHP,?2)
CALL SYMBOL(0.2,DX,0.28, SHDATES, 45.0,5)
DO 2 I=1,ID
CD= (DEND(I)+DSTART(I))*0.5
CD=(DEPTH(K)-CD) *A-0.14
CALL SYMBOL(0.6,CD,0.28,DATES(I),0.0,20)
DSTART(I)=(DEPTH(K)-DSTART(I))*A
DEND(I)=(DEPTH(K}-DEND(L))*A
T=0.0
DO 4 J=2,10
T=T+0.03
IF(DSTART{I).NE.DEND(I)} THEN
CALL PLOT(T,DSTART(I),3)
CALL PLOT(T,DEND(I),2)

END IF
4 CONTINUE
2 CONTINUE
CALL PLOT(4.0,0.0,-3)
END IF
END IF
Cc
C.... PLOT OF TOTAL ABSOLUTE POLLEN FREQUENCY
c .

IF(APFP.EQ.'Y') THEN

CALL PLOT(0.0,0.0,3)

CALL PLOT(O0.0, DEPTHP 2)

CALL APFPSS(K,1, APF APFT ¥D,IM,B, AMAX RPFR,XX,LSS,
1 DEPTHP }

C=0.2-XX

IF(IM.EQ.1) THEN
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1549 . CALL SYMBOL(C,DX,0.28, 'SUM OF APF (X10)',45.0,16)

1550 ELSEIF(IM.EQ.2) THEN
1551 CALL SYMBOL(C,DX,0,28,'SUM QF APF (X100)',45.0,17)
1552 ELSEIF(IM.EQ.3) THEN
1553 - CALL SYMBOL(C,DX,0.28,'SUM OF APF (X1000)',45.0,18)
© 1554 ' ELSEIF{IM.EQ.4) THEN . ; o
1555 . CALL SYMBOL(C,DX,0.28,'SUM OF APF (X10000)',45.0,19)
1556 ELSEIF(IM.EQ.5) THEN
1557 CALL SYMBOL(C,DX,0.28B,'SUM OF APF (XlOOOOO)\LiS.O,ZO)
1558 ENDIF
. 1559 © XL=XL+XX
1560 .END 1IF
1561 C ’ . :
1562 C.... PLOT OF TOTAL POLLEN ACEUMULATION RATE
1563 ¢ |
1564 ° *IF(ID.GT.1) THEN g - )
1565 IF(PARP.EQ.'Y')} THEN
1566 CALL PLOT(0.0,0.0,3)
1567 CALL APFPSS(K,1,QSUM,APFT,YD,IM,B,AMAX,RPFR, XX, LSS,
1568 1 DEPTHP)
1569 C=0.2-XX
1570 IF(IM.EQ.1) THEN. ) -
1571 CALL SYMBOL(C,DX,0.28,'TOTAL PAR (X10)',45.0,15)
1572 " ELSE IF(IM.EQ.2) THEN
1573 CALL SYMBOL(C,DX,0.28,'TOTAL PAR (X100)',45.0,16)
1574 ELSE IF(IM.EQ.3} THEN ’ ‘
1575 CALL SYMBOL(C,DX,0.28,'TOTAL PAR (X1000)',45.0,17)
- 1576 ¢ ELSE IF(IM.EQ.4) THEN
. 1577 CALL SYMBOL(C,DX,0.28,'TOTAL PAR (X10000)',45.0,18)
2578 . ELSE IF(IM.EQ.5) THEN _
1579 CALL SYMBOL(C,DX,0.28,'TOTAL PAR (X100000)',45.0,19)
1580 ENDIF v '
1581 XL=XL+Xxx
1582 END IF
1583 - END IF
1584 END
1585 ' ¢
1586 (™ ======Eﬁ=======================:====:
1687 C .
1588 C SUBROUTINE SCALES
1589 C -
1590 C B L P E T F P P TPy P
1591 ¢ :
1592 . SUBROUTINE SCALES(K,L,RPF,FMAX,XX,LSS) .
1593 cC : :
1594 DIMENSION RPF{K,L),FMAX(L)
1595 ¢ |
1596 - X=0.0
1597 XX=0.0
1598 © SU=0.0 N
1599. DO 1 J=1,L
1600 RMAX=0.0
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po 2 1=1,K

-

IF(RMAX.LT.RPF(I,J)) RMAX RPF(I,J)

CONTINUE ‘ _
MAX=IFIX(RMAX)*2+1 , -
CALL PLOT(X,0.0,-3)
5=-0.5
DO 3 I=1,MAX
§=8+0.5 s
§5=5+0.5
‘CALL PLOT(S,-0.3,3)
CALL PLOT(S,-0.2,2)
CALL PLOT(SS,-0.2,2)
CALL. PLOT(SS,-0.3,2)
CONTINUE

KMAX=MAX+1*
§=-0.6
IF(FMAX(J).GE.150.0) P= ~50.0

IF((FMAX(J).GE.10.0).AND.(FMAX(J).LT.50.0))

IF(FMAX(J)}.LE.10.0} P=-5.0

522

P=-10.0

IF(FMAX(J.) .GE.50.0.AND.FMAX(J) .LT.1250.0) P=-20.0

DO 4 I=1,KMAX
§=5+0.5

IF((FMAX{(J).GE.10.0).AND. (FMAX(J).LT.50.0))

IF(FMAX(J).LT.10.0) P=P+5.0

P=P+10.0

IF(FMAX(J).GE.50.0.AND.FMAX(J).LT.150.0}) P=P+20.0

IF(FMAX(J).GE.150.0) P=P+50.
CALL NUMBER(S,-0.6,0.21,P,0.

CONTINUE

X=FLOAT (MAX)}*0.5+0.8

IF(J.GT.LSS) SU=SU+X

XX=XX+X
CONTINUE
IF(LSS.EQ.0) GOTO 100
SU=5U-0.8 »
SUX=SU-1.5.."
SUX1=SUX+0.3
SUX2=SUX-0.4
IF(L.GT.LSS) .THEN

CALL PLOT(-SU,-1.0;3)

CALL PLOT(-SU,-2.0,2)"

CALL PLOT(-SU,-1.5,3)

CALL PLOT{-SUX,-1.5,2)

CALL PLOT(-SUX1,-1.3,2)

CALL PLOT(-SUX,-1.5,3)

CALL PLOT(-SUX1,-1.7,2)

CALL SYMBOL(-SUX2,-1.64,0.28,
END IF
CONTINUE
C=XX~X ‘
CALL PLOT(-C,0.0,-3)

0
0, —1)

1
'EXCLUDED

IN SuUM'

,0.0,15) ,
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END
C
C ==============:=====================
c
c SUBROUTINE SPECT1
C
C :‘.:==================================
(o)
.. SUBROUTINE SPECT1(K,L,APFT,RPFR, YD, DEPTHP)
c ,
DIMENSION APFT{K,L)},RPFR(K,L),YD(K+2)
\ 1664 cC : : )
1665 X=0.0 ,
1666 DO 1 J=1,L :
1667 CALL PLOT(X,0.0,-3)
1668 CALL PLOT((Q.0,DEPTHP,2)
~ 1669 RMAX=0.0 o -
1670 DO 2 I=1,K . . ‘
'1671 IF(RMAX.LT.APFT(1,J)) RMAX=APFT(I,J)
1672 - YD1=YD{I)-0.03 ~
1673 YD2=YD(I}+0.03
1674 CALL PLOT(0.0,¥YD(I),3) ‘
1675 CALL PLOT(APFT(I,J),¥D(1),2)
1676 . CALL PLOT(0.0,¥D1, 3)
1677 CALL PLOT(RPFR{I,J},¥D1,2)
1678 CALL PLOT(0.0,¥YD2,3)
1679 CALL™PLOT(RPFR(I,J),YD2,2)
1680 2 CONTINUE o
1681 MAX=IFIX(RMAX)}*2+1
1682 : X=FLOAT (MAX)*0.5+0.8
. 1683 1 CONTINUE
1684 "CALL PLOT(X,0.0,-3)
1685 END ‘
1686 C
1687 C e F e T o ]
1688 C
' 1689 C . SUBROUTINE SPECT?2
1690 cC
1691 C Bt S o S Y I L I T
1692 ¢
1693 SUBRQUTINE SPECT2(K,L,APFT,YD,B,DEPTHP)
1694 ~C |
1695 DIMENSION APFT(K,L),YD(K+2),B(K+2)
1696 ¢Cc . _
1697 C DEPTHP=YD(1) '
1698 "X=0.0 . - . : P
1699 DO 2 J=1,L . .
1700 CALL PLOT(X,0.0,-3)
N 1701 - ' CALL PLOT(0:0,DEPTHP,2)
1702 : 'RyAX:O.o
1703 ‘DO 3 I=1,K : QA

1704 i B(I)=APFT(I,J)
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1752
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571754

1755
1756

3
2
C
C
C.
c
C
C
C
C
C..
C
C
1
202
2
201
C

-+

CALL PLOT(0.0,¥YD(I),3)
CALL PLOT(B(I),¥YD(I),2)
IF(RMAX.LT.B(I)) RMAX=B(I)
CONTINUE
B(K+1)=0.0
B(K+2)=1.0
YD(K+1)=0.0
YD{K+2)=1.0
CALL LINE(B,YD,K,1,0,0)
MAX=IFIX(RMAX)*2+1
X=FLOAT(MAX)*0.5+0.8
CONTINUE

" CALL PLOT(X,0.0,-3)

END

SUBROUTINE STANDD(K,L,APF,RPFR,AMAX,IM)
SUBROUTINE TO STANDIZE THE DATA FOR PLOT
DIMENSION APF(K,L),AMAX(L),RPFR(K,L)

COMMON /COM1/NGR, NN

E=0.0

Do 1 J=1,L
AMAX(J)=0.0

Do 1. I=1,K
IF(APF(I,J).GT.AMAX(J)) AMAX(J)=APF(I,J)
IF(AMAX(J).GT.E) E=AMAX(J)

" CONTINUE

IM=0

IF(E.LT.200.0) GOTO 201

E=E/10.0

IM=IM+1_

Do 2 J=1,L

 AMAX(J}=AMAX(J)/10.0

PO 2 .1=1,K K
APF(I,J)=APF(I,J)/10.0

- CONTINUE

IF(E.GT.200.0) GOTO 202
CONTINUE

IF(NGR.EQ.1) THEN
DO 3 I=1,K
po 3 J=1,L :
RPFR(I,J)=APF(I,J)
IF(AMAX(J).LT.20.0) THEN
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IF(APF(1,J).GE.1.0) RPFR(I,J)=APF(I, J)*D 1
APF(I,J)=APF(I,J}*0.1
ELSEIF (AMAX(J).GE.10.0.AND. AMAX (J) .LT. 50. 0) THEN
IF(APF(I,J).GE.1.0) RPFR(I,J)=APF(I,J)}*0.05
APF(I,J)=APF(I,J)*0.05
ELSEIF{AMAX(J).GE.50.0.AND.AMAX(J).LT.150.0) THEN
IF(APF(I,J).GE.1.0} RPFR({I,J)=APF(I,J)*0.025
APF(I,J)=APF(I,J)*0.025
ELSEIF(AMAX(J).GE.150.0) THEN
IF(APF(I,J).GE.1.0) RPFR(I,J)=APF(I,J)*0.01
APF(I,J)=APF(I,J)*0.01
ENDIF
CONTINUE
ELSEIF(NGR.EQ.2) THEN
DO 4 I=1,K
DO 4 J=1,L
IF(AMAX(J).LT.10.0) THEN
APF(I,J)=APF(I,J)*0.1
ELSEIF (AMAX(J).GE.10.0.AND. AMAX(J) LT.50.0) THEN
. APF(I,;J)=APF(I,J)*0.05
ELSEIF (AMAX(J).GE.50.0.AND. AMAX(J).LT.150.0) THEN
APF(I,J)=APF(I,J)*0.025
ELSEIF (AMAX(J).GE.150.0) THEN
APF(I,J)=APF(I,J)*0.01
‘' ENDIF
CONTINUE
ENDIF
END

SUBROUTINE TRIPSS(K,DX,RAP,RSHRUB,YD,B,X)
PLOT OF TREE AND SHRUB AND HERB PORTION
DIMENSION.RAP(K},B(K+2),RSHRUB(K),YD(K+2)

DEPTHP=DX-0.2
RMIN=500.0
bo 1 I=1,K
RSHRUB(I }=RAP(I)}+RSHRUB(I)
IF(RSHRUB(I).LT.RMIN) RMIN=RSHRUB(I) LN
CONTINUE v
RMIN=RMIN+0.5
CALL PLOT(0.0,0.0,3)
CALL PLOT(0.0,DEPTHP,2)
CALL PLOT(2.5,DEPTHP, 2)
CALL PLOT(2.5,0.0,2)
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CALL PLOT(0.0,0.0,2)

CALL SYMBOL(0.2,DX,0.28, SHTREES, 45.0,5)

IF(RMIN.GE.100.0) THEN -
CALL SYMBOL(2.3,DX,0.28, 'SHRUBS',45.0,6)

ELSE :

CALL SYMBOL(1.3,DX,0.28,6HSHRUBS,45.0,6)

CALL SYMBOL(2.3,DX,0.28,5HHERBS, 45.0, 5)

END IF
B(K+1)=0.0 -
B(K+2)=1.0

YD(K+1}=0.0

‘YD(K+2)=1.0

DO 2 I=1,K

B(I)=RAP(1)/40.0

RSHRUB(I)=RSHRUB(I)/40.0

CALL PLOT(0.0,YD(I),3) ‘

CALL PLOT(RSHRUB(I),¥YD(I),2)
CONTINUE

CALL PLOT(0.0,0.0,3) _ : -
CALL LINE(B,YD,K,1,0,0)
DO 3 I=1,K
B(I)=RSHRUB(I)
CONTINUE
CALL LINE(B,YD,K,1,0,0) .

$=-0.5 ,
DO 4 J=1,5 ' .
. §=5+0.5 “
§8=5+0.5 :
CALL PLOT(S,-0.3,3)
CALL PLOT(S,-0.2,2)
CALL PLOT(SS,-0.2,2)
CALL PLOT(SS,-0.3,2)
CONTINUE
§=-0.6
P=-20.0

DO 5 J=1,6

. 8§=8+0.5
P=P+20.0 -
CALL NUMBER(S,-0.6,0.21,P,0.0,-1)

CONTINUE - - '

X=3.0"

CALL PLOT(3.0,0.0,-3)

END
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1911
1912

105

106

nnaa.

SUBROUTINE TITLES(CHART,XL,IM,XT)

CHARACTER CHART*43

connoui ' /COM1/NGR,NN '

1

1

[T S

A=XT-XL

B=-3,0

CALL SYMBOL(A,B,0.42,CHART,0.0,43)
C=A+18.5

C=A - :

IF(IM.EQ.0) GOTO 105

IF(IM.EQ.1)

CALL SYMBOL(C,B,0.42,'SCALE: X 10 1,0
IF{IM.EQ.2) '

CALL SYMBOL(C,B,0.42,'SCALE: X 100 ',0.
IF(IM.EQ.3)

CALL SYMBOL(C,B,0.42,'SCALE: X 1000 ',0.
IF(IM.EQ.4)

CALL SYMBOL(C,B,0.42,'SCALE: X 10000 ',0.
IF(IM.EQ.5)

CALL SYMBOL(C,B,0.42,'SCALE: X 100000',0.
CONTINUE . :
D=-3.5
CcC=-2.8

IF(NGR.EQ.1) THEN !
CALL PLOT(D,-1.0,3)
CALL PLOT(CC,-1.0,2)

END IF

D=-2.3

IF(NN.LE.2.AND.NGR.EQ.1} THEN

_ CALL SYMBOL(D,-1.1,0.28,4H< 1%,0.0,4)
END IF '
IF(NN.LT.2.AND.NGR.NE.1) GOTO 106

IF(IM.EQ.0) GOTO 106
IF(IM.EQ.1) 7

.0,15)

0,15)
0,15)
0,15)

0,15)

8)

CALL SYMBOL(D,~1.1,0.28,'< 10',0.0,4)
- IF(IM.EQ.2)
CALL SYMBOL(D,-1.1,0.28,'< 100',0.0,5)
IF(IM.EQ.3) .
CALL SYMBOL(D,-1.1,0.28,'< 1000',0.0,6)
IF(IM.EQ.4)
CALL SYMBOL(D,-1.1,0.28,'< 1000',0.0,7)
IF(IM.EQ.5) '
_ CALL SYMBOL(D,-1.1,0.28,'< 10006',0.0,
CONTINUE ',
CALL PLOT(0.0,0.0,3) .
END =

SUBROUTINE SEDPLT
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SUBROUTINE SEDPLT (DEPTHP, A, XT, XQ)

SUBROUTINE REQUIRED: HLINES, VDLINE, DLINES, DASHED, VLINES,
DOTPLT, CROSLN, POLYGN

PARAMETER (KX=20) ‘

INTEGER  SCREEN

LOGICAL  EXT :

CHARACTER SED*1,SEDD*1,SEDSL (KX)*15

DIMENSION ~XLED1(KX),XLED2(KX),SLEDX (KX), SEDS (KX), ILED(KX),
SSTART(KX), SEND(KX) , ICODE (KX )

COMMON /10/SCREEN

PRINT THE COLUMN FOR SEDIMENT SECTION

ISEDSS="7
WRITE(SCREEN, ' (A)"')'Draw sediment symbol (Y/N) 2!
READ (SCREEN, "“(Al) ' )SED
IF{SED.EQ.'Y"') THEN
XQ=-2.3 - ', .
WRITE(SCREEN, '(A)') 'Enter data before (Y/N) ?°!
READ(SCREEN, ' (A1) {}SEDD
. IF(SEDD.EQ.'Y'.OR.SEDD.EQ.'y') THEN
'READ(ISEDSS,*,END=100)K
DO 3 I=1,K
READ(ISEDSS,*)SSTART(I),SEND(I),ICODE(I)
CONTINUE
READ(ISEDSS,*)LED
DO 4 I=1,LED- ) '
READ(ISEDSS,'(I5,5X,A15J')ILED(I),SEDSL(I)
CONTINUE :
ELSEIF(SEDD.EQ.'N'.OR.SEDD.EQ.'n') THEN
WRITE(SCREEN, ' (A)') 'How many segments of seds 7!
READ(SCREEN, *)K
WRITE(ISEDSS,'(I4)"')K
DO 1 I=1,K
WRITE(SCREEN, '(A)')'Top of the seds {cm) 2
READ(SCREEN, *}SSTART(I) '
WRITE(SCREEN, ' (A)')'End of the seds (cm) ?!
READ(SCREEN,*)SEND(I)
WRITE(SCREEN,'(/4(/T5,A),/A)')

'l PEAT 2 GYTTJA 3 ORG ISLT',
'4 SILT 5 CLAY 6 SAND ',
'7 GRAV & SAND 8 ASH 3 CHACOAL ',

'10 ICE LENSES',
'"PLEASE ENTER A CODE :!
READ(5CREEN, * ) ICODE(I )
WRITE(ISEDSS, '(1X,2F6.1,13)')SSTART(I),SEND(I),
'ICODE(I)
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c
c
Cc

1

2

Co

.« ENTER

v
WR
RE
WR
bo

 IF(ILED(I).EQ.9) SEDSL{I)='CHACOAL

" COo
ENDI
GOTO

NTINUE

THE INFORMATION OF LEGENDS

ITE(SCREEN, '(A)') 'How many types of seds 20

AD(SCREEN, *)LED

ITE(ISEDSS, *)LED

2 .1=1,LED
WRITE(SCREEN, '(A,I3,a)"')

'What is the',I,'th type of seds ?'

READ (SCREEN, *)ILED(I)

IF(ILED(I).EQ.1) SEDSL(I)="'PEAT
IF(ILED(I).EQ.2J SEDSL(I)='GYTTJA
IF{ILED{I}.EQ.3}) SEDSL(I)='ORG. SILT
IF(ILED(I).EQ.4) SEDSL(I)='SILT
IF(ILED(I).EQ.5) SEDSL(I)='CLAY
IF{ILED(I).EQ.6} SEDSL(I)='SAND
IF(ILED(I}).EQ.7) SEDSL(L)='GRAVE & SAND
IF(ILED(I).EQ.8) SEDSL(I)='VOLCANIC ASH

IF(ILED(I).EQ.10) SEDSL{I)='ICE LENSES
WRITE(ISEDSS,'(I5,5X,A15)')ILED(I),SEDSL(I)
NTINUE - *
F

200 -

WRITE(SCREEN, '(2A}"')'Can not plot.seds column:',

RETU

.: PLOT T

DX=D
CALL
CALL
CALL
CALL
CALL
CALL
CALL
DO 8

U=

V=

IF

EL
EL
EL

EL

' No. data file'
RN j

HE SEDS SECTION

EPTHP+0. 2 ,
PLOT(0.0,0.0,-3}
PLOT(0.0,DEPTHP, 2) . )
SYMBOL{0.2,DX,0.28,8HSEDIMENT, 45.0,8}
PLOT(0.0,DEPTHP, 3)
PLOT(2.0,DEPTHP, 2)
PLOT(2.0,0.0,2)
PLOT(0.0,0.0,2)

I=1,K

DEPTHP-SSTART({I)*A

DEPTHP-SEND(I)*A
(ICODE(I).EQ.1) THEN.

CALL HLINES(U,V,0.0,2.0)

SEIF(ICODE(I).EQ.2) THEN

CALL VDLINE(U,V,0.0,2.0}

SEIF(ICODE(I).EQ.3) THEN

CALL DLINES{U,V,0.0,2.0)

SEIF(ICODE(I).EQ.4) THEN

CALL DASHED(U,V,0.0,2.0)

SEIF{ICODE(I}.EQ.5) THEN

CALL VLINES(U,V,0.0,2.0)
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ELSEIF(ICODE(I).EQ.6) THEN
CALL DOTPLT(U,V,0.0,2.0)
ELSEIF(ICODE(I).EQ.7) THEN
CALL CROSLN(U,V,0.0,2.0) P
ELSEIF(ICODE(I}.EQ.8) THEN
CALL POLYGN(U,V,0.0,2.0)
ENDIF
8 CONTINUE

... PRINT THE LEGEND,OF SEDIMENTS

XLED1(l)=1.0
. XLED2(1)=XLED1(1)+1.0
YLED1=-1.0
YLED2=YLED1-0.6
SLEDX(1)=XLED1(1)+1.2
SLEDY=YLED1-0.5
DO 11 I=2,LED
XLED1(I}=XLED1(I-1)+5.0
XLED2(I)=XLED1(I)+1.0
SLEDX(I)=XLED2(I)+0.2
11 CONTINUE
XT=SLEDX(LED)+3.0
CALL PLOT(0.0,0.0,3)
DO 12 I=1,LED
CALL PLOT(XLED1(I),YLED1,3)
CALL PLOT(XLED2(I),YLEDL,2)
CALL PLOT(XLED2(I),YLEDZ2,2)
CALL PLOT(XLED1(Y),YLED2,2)
CALL PLOT(XLED1(I),YLED1,2)
UsYLEDI
V=YLED2 |
S1=XLED1(I)
S2=XLED2 (I}
IF(ILED(I).EQ.1) THEN
CALL HLINES(U,V,S1,S52)
CALL - SXMBOL(SLEDX(I) SLEDY,0.28,SEDSL(I),0.0,15)
ELSEIF(ILED(I).EQ.2) THEN
CALL VDLINE(U,V,S1,52)
CALL SYNBOL(SLEDX(I) SLEDY,0.28, SEDSL(I) 0.0,15)
ELSEIF(ILED(I).EQ.3) THEN
CALL DLINES(U,V,S51,52)
CALL SYMBOL(SLEDX(I),SLEDY,O.ZB,SEDSL(I),0.0,15)
ELSEIF(ILED(I)}.EQ.4) THEN
CALL DASHED(U,V,S1,52) )
CALL SYMBOL(SLEDX(I) SLEDY,0.28, SEDSL(I) 0.0,15)
ELSEIF(ILED(I).EQ.5) THEN
CALL VLINES(U,V,S1,52)
CALL SYMBOL(SLEDK(I) SLEDY,0.28, SEDSL(I),O 0,15)
ELSEIF(ILED(I)}.EQ.6) THEN
caLL DOTPLT(U,V,S1,52)
CALL SYHBOL(SLEDX(I),SLEDY,O.28,SEDSL(I),0.0,15)
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ELSEIF(ILED(I).EQ.7) THEN
CALL CROSLN(U,V,S1,82)
CALL SYMBOL(SLEDX(I),SLEDY,(0.28,SEDSL(I),0.0,15)
ELSEIF(ILED(I).EQ.8) THEN
CALL POLYGN(U,V,S1,82)
CALL SYMBOL(SLEDX(I) SLEDY, 0.28, SEDSL(I) 0. o 15)
ELSEIF(ILED(I') .EQ.9) THEN
CALL SYMBOL (SLEDX(I),SLEDY,O. 28 SEDSL(I),0.0,15)
ELSEIF(ILED(I).EQ.10) THEN
CALL SYMBOL(SLEDX(I),SLEDY,0.28,SEDSL(I),0.0, 15)
END IF
CONTINUE
CALL PLOT(2.3,0.0,-3)
ELSE
XQ=0.0
END IF
END

e RS S SIS EE RS EC oSS EE=ESSm=SSSo=SS=—====

SR ECS S SO CoEsCCoosmESnSSSSS=S=Ss======

SUBROUTINE CROSLN (Yl,YZ,Tl,TgJ

SUBRCUTINE REQUIRED: VDLINE,DiINES

SUBROUTINE TO PLOT SMALL CROSS ' y

CALL DLINES(Y1,Y2,T1,T2)
CALL VDLINE(Yl,Y2,T1,72)
END

SUBROUTINE DASHED(Sl,SZ,Tl,TZ)
SUBROUTINE TO PLOT SILT
DIMENSION X1(5),X2(5)

Y1l=51

Y2=582
Y1=Y1-0.2
X1(1)=0.1+T1
X2(1)=0.4+T1



2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134

. 2135

2136
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164

2165

2166
2167
2168
2169
2170
2171
2172

999

Q oo

naaaoaa

-

10

( .
A=(T2-T1)/0.5

. N=INT(A)

DO 1 I=2,N
X1(I)=X1(I-1)+0.5
X2(I)=X2(I-1)+0.5
CONTINUE,

DO 2 I=1,N .
CALL PLOT(X1(I),Y1,3)
CALL PLOT(X2(I),Y1,2)
CONTINUE

Y1=Y1-0.2
IF(Y1.LE.Y2) GOTO 999
GOTO 10

END

{

SUBROYTINE DLINES (Y1,Y2,T1,T2)
SUBROUTINE TO PLOT DASH LINES
DIMENSION X1(5),X2(5),X3(5),X4(5)

X1(1)=0.1+T1
X2(1)=0.3+T1
X3(1)=0.3+TT
X4(1)=0.5+T1
A=(T2-T1)/0.4
N=INT(A)

DO 1 I=2,N
X1(I)=X1(I-1}+0.4
X2(I)=X2(I-1)+0.4
X3(I)=X3(I-1)+0.4
X4(I)=X4(I-1}+0.4
CONTINUE

Y3=¥1-0.1

YD=Y2+0.1

DO 2 I=1,N

CALL PLOT(X1(I),Y3,3)
CALL PLOT(X2(I),Y3,2)

2 ® CONTINUE

20
30

IF(Y3.LE.YD) GOTO 20
Y3=Y3-0.3

GOTO 10

Y4=Y1-0.25

DO 3 I=1,N-1

CALL PLOT(X3(I),Y4,3)
CALL PLOT(X4(I),Y4,2)
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2190
2181
2192
2193
2194

2195,

2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206

2207

2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224

a oo aaaaaoaaon

aaoaoa

999

999
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CONTINUE
Y4=Y4-0.3 ¢
IF(Y4.LE.YD) GOTO 999
GOTO 30 \
END

SUBROUTINE DOTPLT(Y1,Y2,T1,T2)
SUBROUTINE TO PLOT SAND ON POLLEN DIAGRAM
DIMENSION X1(15),X2(15),X3(15),X4(15)

X1(1)=0.14T1
X2(1)=0.15+T1
X3(1)=0.15+T1
X4(1)=0.2+T1
Y3=Y1-0.1
Y4=Y1-0.25 ~

XYb=¥2+40.1

A=(T2-T1)/0.15
N=INT(A)

DO 1 I=2,N

X1(I)=X1(I-1)+0.15

X2(I)=X2(I-1)+0.15

X3(I)=X3(I-1)+0.15 .

X4(I)=X4(I-1)+0.15 .
CONTINUE , :

DO 2 I=1,N '
ot

K=I
CALL PLOT(X1(I),Y3,3)

CALL PLOT(X2(I),Y3,2)

IF(Y3.LE.YD) GOTO 2

IF(K.EQ.13) GOTO 2 »

CALL PLOT(X3(I),Y4,3) o
CALL PLOT(X4(I)},Y4,2)

CONTINUE

IF(Y3.LE.YD.OR.Y4.LE.¥D) GOTO 959
Y3=Y3-0.3

Y4=Y4-0.3

GOTO 10

END

s

SUBROUTINE HLINES

9



2225
2226
2227
2228
2229
2230

2231

2232
2233
22314
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271

2272

2273
22714
2275
227%

anao ao

aaaoaan

naoaaan

O oo aoaaaoaoaaqn
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SUBROUTINE HLINES(S1,52,T1,T2)
SUBROUTINE TO PLOT SYMBOL OF HORIZONTAL LINE

¥1=51

Y2=52

A=(Y1-Y2)/0.2

N=INT(A)+1l -

DO 1 I=1,N .

CALL PLOT(T1,Y1,3) .

CALL PLOT(T2,Y1,2) - [
Y1=Y1-0.2 :
CONTINUE _ - e
CALL PLOT(T1,Y2,3) _ S
CALL PLOT(T2,Y2,2) :
END =

e - e e e

SUBRQUTINE POLYGN(Y1,Y2,T1,T2)

SUBROUTINE REQUIRED: HLINES,VLINES"

SUBROUTINE TO PLOT SYMBOL OF POLYGON
\

S=Y1

T=Y2

. CALL HLINES(S,T,Tl,T2)

CALL VLINES(Y1l,Y2,T1,T2)
END

SUBROUTINE VDLINE (Y1,Y2,T1,T2} =~ °

- SUBROUTINE TO PLOT VERTICAL DASH LINES ON DIAGRAM

DIMENSION X1(5),%X2(5),X3(5),X4(5)

X1(1)=0.3+T1
X2(1)=0.1+T1



2271
2218
2279
2280
%2281
2282
2283
2284
2285
2286
2287
2288
2289

2290

2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301

2302 -

- 2303
2304
2305

2306

2307
- 2308
2309
2310
2311
2312
2313
2314
2315
2316

2317 °

2318
2319
12320

2321

2322
2223
72324
2325
2326
2327
2328

cooaoaaa

aaon

c

10

999

A=(T2-T1)/0.4+1.0
N=INT(A}
DO 1 I=2,N

"X1(I)=X1(I-1)+0.4

X2(I)=X2(I-1)+0.4 -
IF(X1(I).GT.T2) X1(I)=T2
IF(X2(1)}.GT.T2) X2(I)=T2

‘CONTINUE

Y3=Yi

Y4=Y1-0.2

Y5=Y4-0.2

YD=Y2

DO 2 I=1,N

CALL PLOT(X1(I),Y¥Y3,3)

CALL PLOT(X1(I1),Y4,2)
IF(Y4.LE.YD) GOTO 2

CALL PLOT(X2(I1),Y4,3)

CALL PLOT(X2(I),Y¥5,2)

CONTINUE " ) ;
IF(Y4.LE.YD.OR.Y5.LE.YD} GOTO 999
Y3=Y¥350.4 ' ' ' -
Y4=Y4-0,
¥Y5=¥5-0.4
GOTO 10

(-3

-END

>

SUBROUTINE VLINES(Y1,Y2,T1,T2)

. N
SUBROUTINE TO PLOT SYMBOL OF VERTICAL LINES T~

DIMENSION X(10)

A=(T2-T1})/0.2
N=INT(A)}+1
X(1)=T1

DO 2 I=2,N

- X{I)=X(I-1)+0.20

CONTINUE
DO 3 I=1,N .
CALL - PLOT(X(I),Y1,3)

- CALL PLOT{(X(I),Y2,2)

CONTINUE
END
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2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341

2342 |

2343
2344
2345
2346
2347
- 2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363

O o oo

; DO 1 I=I,IZ1 ’

L

- . SUBROUTINE ZONESS
. -'.'- L'} -

SUBROUTINE ZONESS(L,12,BY,DEPTHP,XL,A)
DIMENSION BY(L)

DX=DEPTHP+0. 2

1Z1=I12~1

IF(IZ.LE.2) THEN
BY(1)}=DEPTHP-BY(1)*A

ELSEIF(1IZ.GT.2) THEN

BY (I1)=DEPTHP-BY(I)*A
CONTINUE
ENDIF .
ZY=BY(1Z1)*0.5-0.21
CALL NUMBER(1.0,2Y,0.42,1.0,0.0,-1)
IF(IZ.GT.2) THEN
DO 2 1=2,121
122=12-1
2Y=(BY(IZ2)+BY(IZ2+1))*0.5-0.21
ZONE=FLOAT(I) ‘
CALL NUMBER(1.0,2Y,0.42,Z0NE,0.0,-1)
CONTINUE
ENDIF
2Y=(DEPTHP+BY(1)}*0.5-0.21
ZONE=FLOAT(1Z) ; o
CALL NUMBER(1.0,2Y,0.42,2Z0NE,0.0,-1)

CALL PLOT(0.0,0.0,3)

CALL PLOT(0.0,DEPTHP,2) L

CALL SYMBOL(0.2,DX,0.28, 'POLLEN ZONES',45.0,12)
CALL .PLOT(2.0,0.0,-3)

2364 ~—~__ XL=XL+2.0

.2365
2366
2367
2368
2369
2370
2371
2372
2373
2374
2375

4

IZ.LE.2) THEN
CALL PLOT(-XL,BY(1),3)
CALL PLOT(0.0,BY(1),2)

"RBLSEIF(IZ.GT.2) THEN -

DO 4 I=1,IZ1
CALL PLOT(-XL,BY(I),3} .,
CALL PLOT(0.0,BY(I),2)
CONTINUE
ENDIF -
CALL PLOT(0.0,0.0,3)
END

536
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,Tabl‘e G‘2 ‘Listing of computer program -SUMPLT FORTRAN. Note
' the line numbers at the left side of the table
is not thé part of the program
: 1 2 - 3 4 5 6
,+,+,+,+,+,+
************************************************************
* : *
* SUMPLT  (FORTRAN) *
* *
* PROGRAM TO PLOT A SUMMARY POLLEN DIAGRAM *
3 *
* (SUPPLIMENTARY PROGRAM TO PALYDP) *
* ! *®
* 07-26-1988 *
* . . : *
*****t****t**t**t*t***tt***tt******x****t*******************
N B
*
*  INDEX OF SUBPROGRAMS -
Xk e e m e —— e
*..""l.ll..'..l.....lilI.l.. llllllllllllllllllllllllllllll
* f NAME FUNCTION .
* A I R T T I I T T T 4
* 1 STARTS INITIATE THE PROGRAM
* 2 SUMPLT MAIN SUBROUTINE TO PLOT THE SUMMARY DIAGRAM
* 3 DEPPLT SUBROUTINE TO PLOT DEPTH COLUMNS
* 4 GENUSS SUBROUTINE TO WRITE SPECIES NAME ON DIAGRAM
* 5 SCALES SUBROUTINE TO PLOT SCALE ON DIAGRAM
6 SPECT1 SUBROUTINE TO PLOT A HISTOGRAM SPECTRA
7 SPECT2 SUBROUTINE TO PLOT A SAW-TOOTH SPECTRA :
* 8 STANDD SUBROUTINE TO SCALE DATA FOR PLOTTING :
* 9 TITLES SUBROUTINE TO PLOT TITTLE OF DIAGRAM :
¥ 10 ZONESS SUBROUTINE TO PLOT ZONE BOUNDARIES . : .
* '.I..‘..J.IC.--'.I'.I.I.'I..'C....;‘ lllll !
* . i
* .
* LIST OF FILES Co
* ..__.__‘Z.', ______ - -
*.C-:l ........................................................ '.:“.
* UNIT # UNIT NAME DESCRIPTION
K ittt c it s e a st A .
* 0 SCREEN SCREEN
* 2 ISUMRY OUTPUT FILE FOR SUMARY DIAGRAM

------------------------------------------------------------

QO * % % =



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64.

65
66

67

68
69

71
72
73
74
75
76
77
8
79
8O
81

82 .

83
" 84
85
86

87.

B8
89
90
~ 91
92
93
94
95
96
97

Q- oooaaoan

aan

100

300

200

aaoaagaaa
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PROGRAM STARTS
SUBROUTINE REQUIRED: SUMPLT
PROGRAM - STARTS - ; B

PARAMETER (KD=150,LD=30)
INTEGER SCREEN

. CHARACTER LOCATE*40,CHAR(2*LD)*20,CARDS*80

DIMENSION VAR(KD*LD*3)
COMMON /10/SCREEN

SCREEN=0
IREADD=2.

.

. READ INPUT DATA

READ(IREADD, '(A)',END=300) CARDS
IF(CARDS(1:8).EQ.'LOCATION') THEN
READ(CARDS(25:64), '(A40)') LOCATE" .
ELSEIF(CARDS(1:17).EQ. 'NUMBER OF SAMPLES') THEN
READ(CARDS(25:44),'(BN,I120)'} K
ELSEIF(CARDS(1:14).EQ.'NUMBER OF TAXA') THEN
READ(CARDS(25:44), '(BN,I20)') L
GOTO 200
ELSE
WRITE(SCREEN, '(2A)')' The first few lines in ',
' data file is not recognized' '

k]

»

STOP
ENDIF
GOTO 100

WRITE(SCREEN, '(A)')' Input data file not found'
STOP .
CONTINUE

REWIND IREADD

START THE PROGRAM

CALL SUMPLT(K,L,VAR(1),VAR(1+L),VAR(1+3%L), VAR(1+3*L),

~ CVAR(L+4%L)},VAR(3+4%L+K), VAR(5+4*L+2%K), . .
VAR (5+4*L+3%K) [VAR(S5+4*L+K*(3+L)),CHAR(1),CHAR(1+L},
IREADD} ‘ : .

END



98
99
100
101
102

103

104
‘105
lo6
107
108

109°

110
111
112

113

114
115
116
117
118
119
120
121
122
"123

- 124

125
126
127
128
129
130
131
132
133
134
135
136
137
138
- 139
140
141
142
143
144
145
146
‘147
148
149

c
C
c
C

SUBROUTINE SUMPLT(K,L, ZONE,DSTART, DEND, AMAX,B, YD, DEPTH,
1 X,X1,SPECIS, DATES, IREADD)

++.. SUBROUTINE REQUIRED: STANDD SCALES, GENUSS SPECT1, SPECT2
DEPPLT, TITLES, ZONESS

INTEGER SCREEN
CHARACTER LOCATE*40,SPECIS(L)*20,CARDS*80,DATES(L)*20
DIMENSION X(K,L), Xl(K L), DEPTH(K) YD(K+2),B(K+2),

-1 DSTART(L) DEND(L) AHAX(L) ZONE(L)
COMMON /IO/SCREEN/COMI/NGR NN
c.. INITIALIZE
-
IDP=0
IZONE=0

c

C....

c

READ INPUT DATA

300 READ(IREADD,'(A}',END=400) CARDS
: IF(CARDS(1:8).EQ.'LOCATION') THEN
READ(CARDS(25:64),'(A40)"') LOCATE

ELSEIF(CARDS(1:17).EQ." BER OF SAMPLES') THEN
GOTO 300

ELSEIF(CARDS(1:14).EQ. 'NUMBER OF TAXA') THEN

" GOTO 300

ELSEIF(CARDS(1:12).EQ.'LIST OF TAXA') THEN .
Do 1°'1=1,L .

READ(IREADD (TS, BN,13,T10, A20)')J,SPECIS(I)
1 CONTINUE
ELSEIF{CARDS(1:17).EQ.'DATA') THEN
DO 3 I=1,K _ .
. READ(IREADD,*)J,(X(I,J),J=1,L)
3 CONTINUE
ELSEIF(CARDS(1:22).EQ.'DEPTH LEVEL OF SAMPLES') THEN
READ( IREADD, *) (DEPTH(I),I=1,K)
ELSEIF{CARDS(1:17).EQ. 'RADIOCARBON DATES') THEN
READ(CARDS(18:38),'(BN,I20)') IDP
DO 5 I=1,IDP ¢
READ(IREADD, ' (TS,BN,F5.2,T15,BN,F5.2, T25, A20)')
&& DSTART(I) DEND(I) DATES (1)
5 CONTINUE
ELSEIF(CARDS(l.S).EQ.'ZONES“) THEN
READ(CARDS(6:35), ' (BN,130)') IZONE
READ (IREADD, *)(ZONE(I) I=1,IZONE-1)
ELSEIF(CARDS(1:11).EQ. 'END OF FILE') TH?N\‘\
GOTO 400
"ELSE ,
WRITE(SCREEN, ' (A)'}' Data file ID not recognized'
STOP ' '
ENDIF o »
GOTC 300

539
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150 400 CONTINUE

151 C . )

152 C.... START PLOT

153 ¢ ' . '

154 WRITE(SCREEN, '(A)')'Enter the length of paper (cm)'
155 . READ(SCREEN,*)PAPER '

156 WRITE (SCREEN, '(3(/A))")" 1 Histogram',

157 1 ! 2 Curve fitting','Enter your choice!'
158 READ (SCREEN, *}NGR ,
159 C ) ‘
160 CALL PLOTS(PAPER,27.5)

161 CALL PLOT(5.0,5.0,-3)

‘162 C

163 IF(DEPTH(K)}.GE.150.0) A=0. 05 '

164 * IF(DEPTH(K).LT.150.0.AND.DEPTH(K).GT.50.0) a=0.1l
165 IF(DEPTH(K).LE.50.0}) A=0.4

166 DEPTHP=DEPTH(K)*A

167 DX=DEPTHP+0.2 ‘

168 DDX=DX+0.25

169 TITLE=DEPTHP+4.0 .
170 XL=0.0

171 C _ :

172 C. CONVERSION OF DEPTH FOR PLOTTING

173 C '

174 DO 7 I=1,K ‘

175 YD(I)=(DEPTH(K)-DEPTH(I))*A

176 7 CONTINUE

177 C ,

178 C.... DRAW TNE LOCATICN OF STUDY AREA ON DIAGRAM

179 C. . .

180 CALL SYMBOL(0.0,TITLE,0.6,LOCATE,0.0,40}#

181 C e

182 cC.. PRINT DEPTH OF THE PROFILE AT LEFT SIDE OF DIAGRAM
-183 C T

;eﬁﬁxbu’\ CALL DEPPLT(DX,A)

185 : v

186 C.... PLOT OF RADIOMETRIC DATES

187 C

188 IF(IDP.GT.0) THEN

189 CALL PLOT{(0.0,DEPTHP,2) :

190 _ CALL SYMBOL(0.2,DX,0.28, 5HDATES,45.U;5)

191 DO 8B I=1,IDP

192 CD= (DEND(I)+DSTART(I))*0.5

193. CD=(DEPTH(K)-CD}*A-0.14 8

194 °  CALL SYMBOL(0.6,CD,0.28,DATES(I),0.0,20)

195 . DSTART(I}=(DEPTH(K)-DSTART(I}}*A )
196 DEND(I)=(DEPTH(K) DEND(I))*A

197 T=0.0

198 . DO 9 J=2,10

199 . ' T=T+0.03

200 ) IF(DSTART(I).NE.DEND(I)}) THEN

201 . CALL PLOT(T,DSTART(I},3)

u
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- 202

203

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

219-

220
221
222
223
224
225
226
227
228
229
230
231
232

. 233

aaqQa
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CALL PLOT(T,DEND(I),2)

END IF \
CONTINUE B
CONTINUE
CALL PLOT(4.0,0.0,-3)
END IF o
PLOT OF MAIN PART OF DIAGRAM .
. ; N
CALL STANDD(X,L, X,X1, AMAX 15)
CALL SCALES(K,L,X, AMAX XX,0) :
IF(NGR.EQ.1) : .
1 CALL SPECTl%K L,X, x1 YD, DEPTHP)
IF(NGR.EQ.2) -
1 CALL SPECT2(K,L,X,YD,B,DEPTHP)
CALL GENUSS(K,L, SPECIS X, DX, XX}
XL=XL+XX

DRAW THE BOUNDARY OF ZONES
IF(IZONE.GT.1) CALL %9NESS(L,IZONE,ZONE,DEPTHP,XL,A}

PRINT DEPTH OF THE PROFILE AT RIGHT SIDE OF DIAGRAM

L]
o

CALL DEPPLT(DX,A)
PRINT THE TITTLE OF PLOTED DIAGRAM
CALL TITLES (CHART, XL, IS 0.0}

CALL PLOT (5.0,0.0, —3)

CALL PLOT(O o, 0 0, 999)
END

o ‘ ) - v
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Table G.3 Aan example of input data file for program PALYDP -
FORTRAN. Note the' line numbers at the left side
of the table is not the part of the file

1 2 3 4 5 6
B T T e geeeets ’ TN ,
1 LOCATION MIDDLE MACKINTOSH CREEK, Y. T. (XW-2)
2 COORDINATES ‘61 49'00"N, 137 15'09"W, 100l m a.s.l.
3 ANALYZER ‘ ANALYZED: XIACHENG WANG
4 NUMBER OF.SAMPLES 9 ‘ -
5 NUMBER OF TAXA - 23 C
6 _NUMBER OF TREE TAXA 3
7 NUMBER OF SHRUB TAXA 9
8 TAXA INCLUDED IN SUM 22 _ :
9 LIST OF TAXA \ _
10. .1 PICEA : Yy
11 2 PINUS _ \\\\¢f>
12 3 POPULUS . .
13 4 ALNUS
14 5 BETULA
15 6 SALIX
16 7 ROSACEAE
17 8 JUNIPERUS
18 9 ERICACEAE
19 o 10 ARTEMISIA
20 11 COMPOSITAE b S
21 12 POLYGONACEAE "
22 13 CARYOPHYLLACEAE
23 14 LEGUMINOCEAE
24 15 RANUNCULACEAE
25 16 EPILOBLUM
26 17 * GRAMINEAE 5
217 18 CYPERACEAE
28 19 LYCOPODIUM
29 20 POLYPODIACEAE
30 . 21 EQUISETUM )
31 22 SPHAGNUM .
32 . 23 INDETERMINED . -
33 TABLE OF COUNTING : -
34 1 40 1 o0 1612116 O0 0 ©0 19 0 1 © 0 .0 O
35 o 8 15 ¢ o o0 o o . -
35 2'5 2 0 12 97 12 7 0 33 0 1 1 © 0 O
37 ., 0 20 20 0 O 0 0 O -
38 3.22 3 0 6 .5% 0O O O 4 O © O O O O
39 .0 13 13 ‘1 10 o 1
40 4 18 0 0 10 52 4 2 o0 .0 O0 © 0 0 O0 O
41 - 2-12 10 4 ,00 6 2 0 ;
42 s 80 0 o0 17 /25. 4 - 4 4 0 00 0 O 0 0
43 0 10 65 0o O 0 2 0 . )
14 6 268 0 10 32\ 92 2 6 2 10 0. 10

¢
pt : L
‘



- 45

46
47
48

49
50
51
52
53
54
55
56
57

0
7 230
0
8§ 39
0
-9 140
0

20 254 0 4 1
0 .6 41 117

6 280 4 O

4 0 8 16
12 60 0 0

2 5 24 40

17 113 4 0

OO

WEIGHT OF RESIDUE

0.020 0.020 0.019 0.009 0.009

DEPTH LEVEL OF SAMPLES

4.0
ZONES
16.50

8.0 10.0 15.0

2

0. 0 1 0

0 0 o 1

6 0
8 14 3 0
4 2 -
0 0 o0 0
0 4
4 3 0 1
4 3
0.010 0.008
18.0 22.0 26.0

[

»

0.036 0.018

28.0 32.0 <\
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Table G.4 An example of control card file for program PALYDP ..
FORTRAN. Note the line numbers at the left side of
the table is not the part .of the file

1 2 3 4 5 6
R R R e v T P
- o .
CONCENTRATION BY WEIGHT

DETERMINE SPECIES DIVERSITY
ENQ OF FILE

Table G.5 An example of Preparation result file (input) for
program PALYDP FORTRAN. Note the line numbers at

{ the left side of the table is not the part of the
file

WEIGHT OF RESIDUE _
3.001 2.440 2.773 4.972 3.987 3.109 3.389 2.130
3.568

WEIGHT OF DRY SAMPLE
0.555 0.408 0.588 1.219 1.484 1.747 1.452 2.412
1.633

END OF FILE

e






