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Nobuo Qo1 * : A reconstruction of vegetation at Itai-
Teragatani Site, Hyogo Prefecture, Japan, based on
the spatial distribution of fossil pollen grains just
below the Aira-Tn ash, about 24000 years ago
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Abstract The frequency and spatial distribution of past plants at a small site were
reconstructed from the spatial distribution of fossil pollen and spores in a local area.
Samples were taken from peat of the Last Glacial just below the Aira-Tn ash at the Itai-
Teragatani Site. Hyogo Prefecture, Japan. From the frequencies of 26 major pollen types
at 29 points, maximum, minimum, average values and coefficients of variation (standard
deviation/average) were obtained and the pollen types’ distributions were mapped. Based
on their abundance and coefficients of variation, pollen types could be classified into five
groups . arboreal groups A-I, A-II and A-III and herbaceous groups H-I and H-II. A-],
A-1I and H-I were local elements that had high coefficients of variation ; whereas, A-III
and H-II were regional elements that had low coefficients of variation. Based on the
distribution patterns of the local pollen types (A-1, A-II and H-I), a distribution of the plants
in a local area were reconstructed. The site was an open forest with Picea, Salix, Betula,
Fraxinus and Alnus shrubs and local herbs such as Lysichiton, Ranunculus, Gentiana, etc.
Key Words : Pollen, Spatial distribution, Reconstruction of vegetation, The Last Glacial
age
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Introduction

Although there are many studies that have reconstructed the distributions of past plants or
vegetation, few have attempted to reconstruct their spatial distribution, This study aims to demon-
strate that spatial analysis of pollen distribution can be used to reconstruct plant spatial distribution
and estimate vegetation structure. To obtain the samples of the same time, samples were collected
from the peat just below the Aira-Tn ash (MACHIDA & ARAI, 1976): a widespread tephra that is noted
as a good time marker for the Last Glacial in Japan. Last glacial vegetation around the Itai-
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Teragatani study site has already been reconstructed from fossil pollen sequences, plant macrofossil
sequences and fossil wood distributions (Oo1 ef al., 1990). This study reconstruct the distribution of
plant species in more detail, and furthers our knowledge of the plant spatial distribution.

Location, Samples and Methods

The Itai-Teragatani Site, an archaeological site of the Palaeolithic Age and Yayoi to Middle
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Fig. 1 Map of the Itai-Teragatani site
Black dots show sampling points. Contours show the level of the top of Aira-Tn ash.
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Fig. 2 Changes in coefficients of variation and mean percentages for each arboreal pollen type
Black dots . calculations from total pollen and spore counts. Open dots . calculations
from total arboreal pollen counts. Values of same pollen types are connected.
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Period. is located at lat. 35°05'53"N, long. 135°09°26"E on a terrace along the Miyata River. Peat
sediment of the Last Glacial Age is distributed in the southern part of the site, and intercalates with
the Aira-Tn ash. The radiocarbon date of the peat just below the Aira-Tn ash is 23600+200 years
BP (KSU-938) (MizuGucHI, et al., 1987).

Columnar samples of the peat a few millimeters in thickness were taken from just below the Aira
-Tn ash at 29 points (Fig. 1) and were prepared for analysis. Contour lines of Fig. 1 show the altitude
of the top of Aira-Tn ash. The thickness of Aira-Tn ash is about 20 cm at every point, therefore this
map approXimately represents the geomorphology just below the Aira-Tn ash. There was a channel
which runs from the northwest to the southeast.

Mpyrica Alnus

Salix Fraxinus Picea

Fig. 3 Distribution of pollen grains of arboreal taxa

Circles are proportional representations of each taxa when compared to the
total arboreal pollen count.
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Pollen was extracted from the samples by the same methods as Qo1 ef al. (1990). Frequencies of
each pollen and spore type at each point was calculated as percentage of the total pollen and spore
counts. Percentages of each arboreal pollen to the total arboreal pollen were also calculated. A
capital letter after the family name, for example, Ranunculaceae A type or Compositae subfam.
Carduoideae L type indicates that the pollen type could be distinguished to the family or subfamily
level but not to the genus level. Eleven arboreal pollen types whose average percentages exceeded
1.0 % of the total arboreal pollen counts and 16 nonarboreal pollen and spore types that were more
than 0.5 % of the total counts were statistically analyzed. Other types were not analyzed because
they are too scarce to have statistic significance.

Results

Figures 3 to 5 show the frequency distributions in percentages for each pollen type. Distribution
maps of arboreal pollen types were drawn from percentages of the total arboreal counts.

Figure 2 shows the coefficients of variation and averages for each arboreal pollen type based both
on total arboreal pollen counts and on total pollen and spore counts. It shows that arboreal pollen
distribution patterns can be classified into three groups : A-I, A-Il and A-III.

A-1: High frequencies and high coefficients of variation.

H-1
Ranunculaceae A Lysichiton Gentiana
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Ranunculus

Fig. 4 Distribution of pollen types of herbaceous group H-I
Circles are proportional representations of each taxa when compared to the
total arboreal pollen count.
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Muyrica and Alnus were included in this group. They had high coefficients of variation, 0.94 and
0.84 when calculated from the total arboreal pollen, and 1.20 and 1.81 when calculated from the total
pollen and spores. Values were high at most of the points and extremely high at a few points : Alnus
had more than twice the average percentage at K14 and 016 and Myrica at Ol4 (Fig. 3). Myrica and
Alnus were often observed as a mass of pollen.

A-II: Low frequencies and high coefficients of variation.

This group consisted of Salix, Fraxinus, and Picea. Their coefficients of variation exceeded 0.6
when calculated from the total arboreal pollen, but decreased significantly when calculated from the
total pollen and spores (Fig. 2). Average frequencies were from 0.3 to 0.5 9%. The distribution maps
show extreme abundance at several points, and the distribution of these points is somewhat clumped
when compared with My»ica and Alnus. Distribution centers were 114 for Salix, 117 and M16 for
Fraxinus, the western and southern sides for Picea (Fig. 3).

A-II1 . Low coefficients of variation.

Six pollen types were included in this group (Table 1). Coefficient of variation values was low,
between (.43 to 0.55, for all calculations. Distribution of Tsuge was concentrated along a southwest-
ern line from G14 to K17 and a northeastern one at P10 (Fig. 3). Other pollen types had no clear
distribution tendencies.

H-11

Allium Sanguisorba Compositae subfam. Carduoideae S

4

Artemisia

=

Fig. 5 Distribution of pollen types of herbaceous group H-II
Circles are proportional representations of each taxon when compared to the
total arboreal pollen count.
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Coefficient of variation values for herbaceous pollen ranged from 0.27 for Artemisia from 0.81 for
Ranunculaceae A type (Table 1). There were no distinct boundaries for arboreal pollen types.
However, based on coefficient of variation values, two groups could be distinguished : H-I and H-II.
H-I: High coefficients of variation.

Table 1  Statistics for the distribution of pollen grains distribution of each taxon
Values were calculated from total pollen and spore counts. The values of arboreal
pollen in the brackets were calculated from total arboreal pollen counts. MAX:
maximum, MIN ! minimum, AVG: average, STD: standard deviation, - not
observed, 0.0 : insignificant. Occurences of fossil woods and plant macrofossils were
derived from Qol et al. (1990). o : occurred just under the Aira-Tn ash. + . occurred
in a different horizon of the peat layer of the site.

group pollen type MAX MIN AVG STD STD/AVG wood macrofossil
[arboreal pollen]
A-1  Myrica 14.8 0.3 2.2 2.6 1.20
[43.2] [0.3] [8.0] [7.6] [0.94]
Alnus 75.8 1.6 8.7 159 1.81 o] o
[90.4] [7.1] [23.1] [19.6] [0.84]
A-11  Salix 0.7 - 0.3 0.2 0.66 +
[41] [ -] [1.1] [0.8] [0.79]
Fraxinus 1.4 0.1 0.5 0.3 0.56 o
[7.9] [0.5] [23] [1.6] [0.70]
Picea 0.8 0.1 0.4 0.2 0.55 0 +
[4.2] [o0.1] [LT7] [1l.1] [0.86}]
A-IIl  Tsuga 6.7 0.3 3.0 1.6 0.53
[28.0] [0.3] [12.6] [7.0] [0.55]
Betula 5.7 0.8 24 1.1 0.46 o] (o]
[20.2] [1.4) [9.4] [44] [0.47]
Carpinus-Ostrya 4.3 0.5 2.1 0.9 0.44
[16.5] [0.6] [8.5] |[4.0] [0.47)
Ulmus 1.1 0.0 0.5 0.2 0.46
[3.7] [0.0] [22] [1.0] [0.46]
Quercus 3.2 0.4 1.5 0.7 0.48
subgen. Lepidobalanus [11.2] [0.5] [5.9] [2.6] [0.43]
Pinus 14.9 1.9 5.0 24 0.48 +
subgen. Haploxylon [43.1] [3.8] [19.7] [8.5] [0.43]
[nonarboreal pollen]
H-I Ranunculaceae A 1.9 - 0.6 0.5 0.81
Lysichiton 35.3 09 115 8.5 0.74
Gentiana 1.7 0.0 0.5 0.4 0.73
Ranunculus 3.9 0.0 1.1 0.7 0.69
Parnassia 1.7 - 0.7 0.5 0.67
Compositae
subfam. Carduoideae L 7.2 - 24 1.6 0.65
Saxifragaceae A 16.2 0.2 7.2 4.6 0.63 0 (Hydrangea)
H-11  Allium 1.8 - 0.9 0.4 0.50
Sanguisorba 9.8 1.9 4.4 2.0 0.44
Compositae
subfam. Carduoideae S 6.3 0.1 3.7 1.6 0.43
Umbelliferae 6.0 0.6 3.7 1.5 0.40 o
Thalictrum 3.1 0.3 1.4 0.5 0.36
Cyperaceae 23.5 57 133 4.5 0.33 o]
Gramineae 21.0 3.2 109 34 0.30
Artemisia 4.0 1.4 2.5 0.7 0.27

[fern spores)
monolete spores 9.1 1.0 53 1.8 0.34
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Seven pollen types were included in this group and their coefficients of variation were more than
0.63. Their distributions varied greatly (Fig. 4). Ranunculaceae A type was concentrated near H14,
114 and L16 ; Lysichiton type from G16 to K17 or L16 and from P11 to P13 . and Gentiana and
Ranunculus types around K14 and K15. The distribution of Parnassia type was scattered ; whereas,
Compositae subfam. Carduoideae L and Saxifragaceae A types were more widely distributed.
Carduoideae L type was around the center of the southern part, and Saxifragaceae A type around the
western part.

H-1I : Low coefficients of variation.

This group consisted of Allium, Sanguisorba, Compositae subfam. Carduoideae S, Umbelliferae,
Thalictrum, Cyperaceae, Gramineae and Artemisia types and monolete spores (Table 1). Their
coefficients of variation values were less than 0.50. They were distributed evenly at every point (Fig.

5).

Discussion

Pollen concentration is generally higher near its source and decrease rapidly as the distance from
the source increases (JANSSEN, 1966). When differences between pollen abundances at two relatively
close points are measured at equal intervals, they decrease as measurements are taken further from
the pollen source. This suggests that pollen type frequencies close the their source are more variable.
Plant groups at the site might consequently have high variances, especially if they were not distributed

upland wetland
Pinus subgen. Haploxylon Artemisia
Tsuga Gramineae
. Cyperaceae

regional Quercus subgen. Lepidobalanus Thalictrum
Ulmus Umbelliferae
Carpinus-Ostrya Sanguisorba
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..........
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Fig. 6 Reconstruction of plant spatial distribution around the site just before the fall
of the Aira-Tn ash
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equally at the site. These groups are called autochthonous groups or more conventionally local
elements. On the other hand, pollen frequency of plants from outside the sites would have low
variances. These groups are referred to as allochthonous groups or regional elements. In the
Kakuda Basin in northern Japan, YONEBAYASHI (1988) distinguished local and regional elements by
their coefficients of variation. This method of analysis can be applied to this study, although the
extent of the study areas differ. YONEBAYASHI (1988) investigated differences between sites in the
basin, whereas differences at the site were investigated in this study.

Thus, it is possible to concluded that the groups A-III and H-II which had low coefficients of
variation between the sampling points were regional elements. On the other hand, groups A-I and H-
I which had high coefficients of variation were clearly local elements as was group A-II whose
coefficients of variation become high when caluculated from total arboreal pollen. The pollen
distribution of the local groups, H-I, A-I and A-II, indicates the distribution of the plants at the site.
For example, Lysichiton lived in the south and east (Fig. 4 and 6). Gentiana and Ranunculus were
concentratedly near point M14 | whereas, Parnassia had a scattered distribution (Fig. 4 and 6). The
distibution of A/nus pollen suggests that they were near points K14 and 016 (Fig. 3 and 6). Myrica
was distributed near point 014, and Salix, Fraxinus and Picea shared their habitats in the southern part
of the site (Fig. 3 and 6).

From the vertical sequences of fossil pollen and plant macrofossils and fossil wood distribution of
4 horizons at the study site, O01 et al. (1990) reconstructed two types of vegetation . wetland and
upland. Wetland vegetation was distributed near or on peaty sediments, and upland vegetation was
distributed in the mountains around the wetland. On the uplands, there were forests that consisted
mainly of Pinus subgen. Haploxylon and Quercus subgen. Lepidobalanus. In the wetlands, there were
stands of Betula and Alnus in grassland consisting of Cyperaceae, Gramineae, Lysichiton, Thalictrum,
Sanguisorba, Umbelliferae and Compositae. Going from the wet lands to the uplands, Alnus, Betula
and Picea trees could be found in the order listed here.

A comparison of the reconstruction by Qo1 et al. (1990) with the present study highlights the
advantages and problems of spatial analysis. Herbaceous taxa can distinguish local and regional
elements by spatial analysis, and the habitats of local elements can be reconstructed from pollen
distribution. For arboreal taxa, local elements correspond with wetland vegetation and regional
elements with upland vegetation. Distribution of Alnus wood coincided well with the distribution of
the pollen, although Picea and Fraxinus wood had relatively different distributions. This may have
resulted from difference in sampling methods. Fossil woods were correcting whole of the northern
parts and trench walls at the southern parts of the site ; whereas pollen samples were collected from
trench walls at the southern parts of the site. A problem in using spatial analysis can be seen from
the habitat of Betula. There were erect Betula stumps that provide evidence of their presence at the
site, but Betula had a relatively low pollen distribution variance. Also Cyperaceae whose macrofos-
sils were common had a relatively low variance. One possible explanation is that they were common
during the age investigated, but large quantities of pollen from outside the sites covered the local
distribution. In addition, for Cyperaceae many species occupied various habitats, and thus, they had
a relatively constant distribution at the site.

In conclusion, we can estimate the distribution of plants just before the fall of the Aira-Tn ash (Fig.
6). The site was an open forest of Picea, Salix, Betula, Fraxinus, Alnus and Myrica trees and shrubs.
In the understory, herbaceous plants such as, Lysichiton, Ranunculus, Gentiana, Parnassia and some
Compositae shared the habitat. Other dominant herbaceous taxa, such as, Cyperaceae, Gramineae,
Umbelliferae, Sanguisorba, Artemisia, and Thalictrum were widely distributed in wetland. Pinus
subgen. Haploxylon, Tsuga, Quercus subgen. Lepidobalanus, Ulmus, and Carpinus-Ostrya were domi-
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nant in uplands.

Spatial analysis of pollen is an excellent method for estimating plant distribution. It is difficult to
determine plant distribution only from a one point analysis and spatial pollen analysis provides good
information on the spatial distribution of fossil wood and plant macrofossils. A multidisciplinary
study of various fossil parts, for example pollen, wood, leaf and seeds yields good information.
Spatial analysis, however, provides further information for understanding past vegetation.

Acknowledgements

I am grateful to Prof. Shohei KokAwa, Chiyoda Junior College, and Dr. Sei-ichiro TsuJji, Osaka City
University, for their continuous advice and encouragement throughout this study. Thanks are also
due to Dr. Mutsuhiko MiNaklI, University of Marketing and Distribution Science, Mr. Toshio Fuj,
Museum of Human Activity and Nature, Hyogo Prefecture, and Miss Kiyoko KuwAHARA, Osaka City
University, for help with field surveys and sampling. My special thanks go to the Educational Board
of Hyogo Prefecture for permission to use the site and publish the results.

References

JansseN, C. R. 1966. Recent pollen spectra from the deciduous and coniferous-deciduous forests of
northeastern Minnesota : a study in pollen dispersal. Ecology, 47 . 804-825.

MacHIDA, H. & ARal F. 1976. A widespread tephra —Discovery of the Aira-Tn ash and its signifi-
cance—. Kagaku, 46 . 339-347 (in Japanese).

MizucucHl, T., IcHIHASHI, S., KisHIMOTO, K. & YamacucHl, T. 1987. Itai-Teragatani Site. “Annual
Reports of Buried Cultural Assets in Hyogo Prefecture”, 119-121. Board of Education Hyogo
Prefecture, Kobe (in Japanese).

Oor, N., MINAKI, M. & NoOSHIRO S. 1990. Vegetation changes around the Last Glacial Maximum and
effects of the Aira-Tn ash. at the Itai-Teragatani site, central Japan. Ecol. Res., 5: 81-91.
YONEBAYASHI, C. 1988. Studies on the local and regional pollen components in the Kakuda Basin,
Miyagi Prefecture, northeast Japan, in relation to the original vegetation pattern. Ecol. Rev.,,

21 201-220.
(Accepted on February 18, 1993)

B (FARST) BEFREGMSBEEAFES, 1993, ERENERELE 4 3 EROHBRERE, 128
pp. DREWENE LY ¥ —,

FEIHAEHSMEEEL T 2TEREDCRE & 2 3 TEHOBRBENBRAEE, TERECHELWTFERES
KEHREL, BB~V KO PHBL T3MRMEABL TR T LD LD TH S, EEE B R
TLLTERORERE &, KifiR-—BRAOER LEHETHOBERNERD 2MroBR I TV 3,

AEITEERBR L 2R CEH T 2 RRERBEENRE L TWE Lo, ERECFEEZ oW
LI R IERICIEE L, HRICHHEBH®RT 240, BERTERINTL ZEENETERERY A 74 %
BEL, TERBAIEROFS 2 L2 5FHEICO VLT, FIAITEEALBR, BlbS0RUAREOER
HELEHOSNTWVWS, RETIENOHEEFWEE T 2HREOREORBN, MREBEHEZFEA M
B, EAXLFSIEB L L CHAMESEVLDOTH S,

LREMOBRAY > 7)) v S HERPRERELY, IRBCL-TELE B THEH, AX¥EHETH
ELRTERER Y A7 408, @ENCHE—sh22H D, AFXTEHAIRE L EOERE EIERE T Om|
TRIL> T3, ZHIEHOAEIZ, EHRIFOEBIMRL LTOTEROBEHRDO—FL L THEHE
THBEDT, ERIEPH > 7V v I/ HEEOEER R 25 LT, XBRBIOTHSH, ik, {EBHO
FATEBFHA L BEMLEER, Rk, RBEM L LT T 2BOSE LRI THD D, £, BEOELRZE
PIER 57T M DWW T ORFERS, BWOLBRBMARE L LI L TERENTWBEY, HL ETHTERE
ERCEDLZHEDLODORERTH > T, BREDRIIIZ, TEHROBEL T T, REWEMCLATOME
BEEERBLTERSN 22— bDER STV, BTEYF)



