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Geographic variation of birch species in Hokkaido
1. Clustering of population and correlations

between progeny performance and
characteristics of native habit

By Suekichi HATAKEYAMA™* and Yoshikatsu ADACHI™*
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Fig. 1 Climatic division and locations of stand of Betula maximo-
wicziana sampled in Hokkaido.
A=Nihonkai-Engan, B=Iburi, C=Kamikawa, D=Tokachi,
E=Kitami. Symboles show the location of the stands
Sampled.
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Table 1. Natural populations of B. maximowicziana and

number of trees within stands.

A F Mk IS 97 G i BB K
Region Stand Symbol No. of tree
Thurs NN Hob 3
i 7 X = Az 2
AN o Hab 6
= = Ob 3
NibonkaiEngan - ; B 5
AR Kit 3
Yy o~ X Ym 6
E A 3
Kamikawa ; i y K?r?i 4
S =R ¢ Bie 3
Tokachi DAV Stk 5
T I\ Okt 6
o VAR Rb 1
Kltaml jf‘ - v ~2 Okp 1
~ kv Msp 3
Total 55
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Table 2.  Formulas for the expected values of the mean squares when
there are unequal numbers in the various subclasses.

B Coefficient of variance component
L. d. f. 3 5 > 5
Source of variation o, o, o, o,
A 0F O# ,
Regions a—1 1 Y X X np2f; Y X npf X n2f;
2R N
Stands in regions 2 bi—1 1 2 X X ng2f; 2 X npf;
NI B S |
Families in stands 2Xc—2bi 1 DIDIDI, 7278
Akt 7=
Error n—2XXc¢y 1
(U/n)-(1/n) p :(1/"1-,-)—(1/”1') :(1/nl'jk)_(l/nij)
a1 Sh-a T Yye,-vb

a; No. of regions : each with n;samples(n)= n
b ; Stands : B unit having nj smples
¢ ; Families : C unit having njrsamples
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Fig. 4. No frost seasons(days).
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551X T 1,000 KLEOMSHZAL (X 1000)
Fig.5. The pattern of stand variation in seed weight
(millgrams (X 1000) per thousand seed).

F6X FIFREOMSHELR (%)
Fig. 6. The pattern of stand variation in germination rate (%)
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Fig. 7. The pattern of stand variation in average height
growth of mother tree (cm).
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Fig. 8. The pattern of stand variation in average stem
diameter growth of mother trees (mm X 10)

F 3R RSOOSR DI
Table 3.  Estimates of variance components expressed by
percentage ratio for mother trees.

gl
Source of variation
A OF M
Growth regions
Ho AR 4y

Stands within regions 9 50.0% 0.0%

B at

Total 100.0% 100.0%

Height Stem diameter

£

49.5% 100.0%
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Fig. 9. The pattern of stand variation in total height of
2-year old progeny materials (cm).
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HIsNARII T, MO & b ENEN 1% KETHEREES L) Lz, HADRE L EORM
FRITRRIICH LBNT=Z & TH DN, F0 1,000 RIEITHIN TY, Fo72K T X ALTHY
7D T B V27> T2 6 2AEADRIEOERIZB JIE L CWAREFEOREIITIUE Y
KEWEFBLHONR,

WTFIUZ L THHEPEOEARDRENTGHEL Y HE, ZOFKIZENZNOHRO X S
SRS RERERN E B2 DD, BEEEODERO X — 143, % 10 KL L=k
INHFBEAEREOZN LT 205, M TAHD & NI EARERFOA Y 7 RO 74.6mm,
BRIIRKERFEO R D 90.2mm Th D, ALHEOALHR, Hood b Hugg Iy o EB &3 )
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Table 4.  Analysis of variance for tree height and stem

diameter of B. maximowicziana grown for 2

years in Kosyunai, Hokkaido.
ot . Stem
Source of variation d I Height diameter E M. S
A F Mk R
Growth regions 4 114726.44%%  1.4521%% 02 +77.419507 +259.933202% + 737.025002
Hit Jk PN AR 4 P
Stands within regions 10  14363.31%%  0.9527** o2 +80.37170% +394.00300
N EE A
Families within stands 40 5202.26%*  0.1515%* ol +75.22500;
At 7 )
Error 4118 274.63 0.0178 O
= it
Total 4172

*  significant at the 5% level
**  significant at the 1% level

10K 2FERRFEOERAER OMMAR (mmX10)
Fig. 10.

The pattern of stand variation in stem diameter of

2-year progeny materials (mmX10).
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D 9 HHUTIZEAT 5 & DD 82% TR TR E <, MorfITEKRT H2ZEEEDOR 14% & Hiot
T 96% D3 oM 3 70 & O HIBRAZS BUCHEIR U, fIEPARTAIZS B 3D TIRV , AR R Clhiskfi
D3 12%, PRI 55%, i THI 67% DB IR AT BE L Cd, WD R D b,
BRI OBIEZED 5 BRI NRIIC AR T2 Z8h X325 4% &9, BERIZOWTHHS
INEESIE DI R BN 35 32% T > TGN O REIE 288 ZEEIEHE S,

HHE 2HAEOHREROWIR O E I
Table 5.  Estimates of variance components expressed by
percentage ratio for 2-year progeny materials.

2

Source of variation Height Stem diameter
£ F M Bk

Growth regions o, 82.4% 12.4%

i 35 PN AR 4 R

Stands within regions o 14.0% 55.1%
Iy N F R ] )

Families within stands , 3.6% 32.5%

=y &

Total 100.0% 100.0%
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THUERZE L L, MNTAHUT DIREEEGR Oy ONLE 2 FERAT), WK (100 m BAD), i) 4745
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EOEvE L b7 ) AINKORE R BEK L 705, ETARFIRIR, BEMR, ok
EHHREIKOEIR & LTE 2B,
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(68.7%) MHND LI, MEIFHEARICLS b O EL TWD, FEHORIKE,
Wbk, EFRHIMOEIRRE R & S & do7e CREBS/AEROEEE L T\d, 209 b
PEFRURI AN T S » & BARV DS HBHYE O BIRE & > TV D, ERRIZ DUV THIUTTEEE
K, FESRIRDEIFEREDS &> & B REV, ZIUIR UBEDRFRIT S - & /SRR

A7 e SENEETA AN
IRIEIFAREIIEE TRIC LD LT, £TRIEZ AL LIBEZO DL, BEMEIFOL & LB -
T, BROEBERIAEREL HT- 2 TRV, ZIUTREFENZ DIED OIS ZEEKE & &\
FaF R ThHA D LB bOiILD, MHkmOREYRFEIIEIEIC /oW L THEREEL DI
F6FR 2FEEDERORIFIHT
Table 6.  Simple regression analysis for 2-year
progeny materials.

Source of variation Regression coefficient Coefficient of determination
Height = Stem diameter  Height = Stem diameter

HEE i3

Latitude 4.780 0148 58.7% 2.8%

T 7 S

Altitude 8.686 .0340 44.9% 33.8%

%) &R

Mean annual temperature ~ —5.950 —.0312 32.2% 43.5%

P I I

No frost seasons — .371 —.0027 40.9% 27.3%

7 e T [ K B

Precipiation (11-4) —18.112 —.0002 50.0% 47.0%

FTR 2HEEORENE, FEREDHRE
Table 7. Partial and standard partial regression coefficients in
multiple analysis of 2-year progeny materials.

RO R R K% FEVE(R PR AR 2L
% ) . ) Standard paratial regression
.. Paratial regression coefficient .

Source of variation coefficient

Height Stem diameter Height Stem diameter
e B
Latitude 6.2941 .0080 3192 .0901
T S
Altitude 6.4341** .0161** 4892%* 2753**
S B ROIR
Mean annual temperature ~ 1.1788™* —.0294* .1125% —.6487*
FL =
No frost seasons —.4603 —.0001 —.4027 —.0227
FEE W R K &
Precipiation (11-4) —.0260 —.0001 —.3335 —0.2839

*  significant at the 5% level.
**  significant at the 1% level.
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Fig. 11. The pattern of stand variation in total height of
7-year progeny materials (cm).



12 THAERREEOEREROMIHZR (mm)
Fig. 12. The pattern of stand variation in stem diameter of
7-year progeny materials (mm).

558K THLED WG & WK DAL
Table 8. Analysis of variance for tree height and stem diameter
of B. maximowicziana for7-year old progenies and
their coefficience of variance compnents.

= o d f. M. S. E (M. S

Source of variation Height Stem diameter

A F Hokk
Growth regions 4 27714.93**  856.42%* 02 +26.990807 + 68.236402 +197.362002

2 S , , )
Stands within regions 11 6682.77**  59.89* 0, +30.12790}, + 58.41490

o N F R ) )
Families within stands 30  1387.01 67.69* 0, +28.32060;

B 7= )

Error 1378 2635.52 41.82 Oe

B At

Total 1424

*  significant at the 5% level
**  significant at the 1% level



IHEE ST, 2D 8, RERRT —F ThDNT XA J1 o ORfE AR OZ T THIPRE /540
IZE B DT, MONEHSRIZARIT NS, N TOREIREIKDOERI N NSNWZ L& L
HLTWD,

ERAEROEBNZOWT bR & FEk7eitR A L, Mg O OHEE BT 81.4%, #k
STEIDEIUL 0%, WHNFRMOZIUL18.6% CTho7z (9 RS, ZORFILHF 11, 12
DOHGTFEEITHE LR L DT, U A T/ OflE & EERA R D258 IHIERA ) AR SR 3 5 28
BAMGHNOMERER LY RENZ L EZFFHICLDTHDOTH D,

KA T3 S SORREEORTE & EAAER O T 2 R4 &[RRI 70 & OHIERE 7y
MNTERT DL M RENZ EET- LD TE e, L L THRERFOERO/Z— 132

FIOXK OB DESTE
Table 9. Estimates of variance components expressed by
percentage ratio for 7-year progeny materials.

2

.. Height Stem diameter
Source of variation
EOF M ,
Growth regions 7 60.6% 81.4%
i 3 B 2 T 2
Stands within regions % 39.4% 0.0%
U REE B
Families within stands o 0.0% 18.6%
& At
Total 100.0% 100.0%

F10K  THEDRRNRI L OMRERIERARE
Table 10.  Partial and standard partial regression coefficients in
multiple analysis of 7-year progeny materials.

RO R R K% A YR =] ﬁ'ﬂ?ﬁﬂ;ﬁ( .
C:3 p . . . Standard paratial regression
.. aratial regression coefficient .

Source of variation coefficient

Height Stem diameter Height Stem diameter
i i
Latitude 2.9513 .8802 .0807 .1848
7
Altitude 15.8272* 1.9823* .7659* .7369*
O B R
Mean annual temperature  11.6901 1.3029 .6124 .5243
B RV
No frost seasons —1.0229 —.2955%* —.4483 —.7593**
EE 1Y s
Precipiation (11-4) 0361 .0018 2739 1102

*  significant at the 5% level.
**  significant at the 1% level.
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Table 11. D values (X10) between growth regions, showing the
degree of similarity for leaf character of mother trees.

A F Mok
Growth region
Nihonkai
Iburi 13 Iburi
Kamikawa 44 56 Kamikawa
Tokachi 86 37 31 Tokachi
Kitami 79 37 38 28

HiERH AR OO BEERI T ARG 2 FEUE 8 2 AU HOE S 212 L72S O DI R E < 722,
Z O A CHERHEI T B ARG R S o & BTV EIRE L Lz, ThEBRE AALS
(HFED 0 LD L b OBRE b7z, BB AV 1) sl IR & PRI ALE LT
D73, DIE S 7AE & 3672 U< ORI & HIFIFHE LWVMETH -7z, HAMRRF LT
BfRz Lo L7 MBI, LR S HITOBERICH D K9 ICHZ D,



REfOAER (i S IERD) ISOWTRIR LIEMIAD D (X10) fEidEE 12 RKIZ Lo LT,
I = LA THSFRARID D (X10) B 2 AU SEfiio D (X10) fEEH > & b/hEvy,
WTHER, I S 720 BRI TS - & ERIZEATND, S BIZF—HugN Oy
FRERD D AEDPMIHUEOWAHAR] DEL Y REWSDNE L, REEOARITE L CI3HiEy
7R DAEORNZBIRASED Hi/avy, HUs#O DS AR T DAE & H730 R
TTUTEIET 2 &5 A A Hieuy,

F127%  RRIEOELMEZ L3 7 dIcA IR Z & I2ESI LT
DA, AR MBI %2, KEVWMEISEEIOES O
Nz Ex LT
Table 12. D values (X10) between stands arranged according to
growth regions, showing the degree of similarity for
mother trees. Relative low values indicate similarity,
while high ones indicate dissimilarity.
Hh L N
Region Stand
Thuri Az Az
Hob 12 Hob
Hab 29 23 Hab
Nihonkai-  Ob 17 3 75 Ob
engan  Eni 16 3 63 13 Eni
Kit 47 70 178 34 66 Kift
Ym 36 35 8 25 63 40 Ym
Kamikawa Asa. 31 53 141 17 5 18 15 Asa .
Kmi 17 25 100 33 16 15 15 7 Kmi
Bie 18 6 4 72 73 421 28 56 161 Bie
Tokachi Stk 21 12 2 43 42 97 35 74 51 14 Stk
Okt 4 13 31 30 24 76 13 56 33 21 20 Okt
Kitami Rb 15 15 43 82 43 122 64 35 0 192 25 19 Rb
Okp 22 31 125 24 13 7 14 37 0 8 58 39 0 Okp
Msp 57 53 63 7 24 3 16 9 12 19 21 8 32 18

RS OAR L BUOIITHATEIRA 208, T bidd < £ THEREARITERS 255508

RKEVDOTHEEARBEREZ LDTHD LT 220,
wARHEDEE

2 FEOWRBEORE L ERZ S EICUCHERE LTARSREO D (X10) flidEE 18 Lo L
7o RS & B D0 AN FHIROMI T & MO O D EORMRE 7.5 &R,
I AER, HBOMASEEDNEIC DIEAKE L /oo TRY, ZOfl e VL R BR b <
7o TV EBbbid, TS & ORME ORI CHEA Uiz H AN R & s & oo D

TEDBELR LHRELL T2,
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Table 13.

BRI T S ITEIS LTz 2 FAEDERIZE &S <MD
D (X10) fE, /hSuMEEsy EEBER &2, RS\ ViE 35k
DEGMENZ & LT,

D values (X10) between stands arranged according to
growth regions, showing the degree of similarity for

2 years growth. Relative low values indicate similarity,
while high ones indicate dissimilarity.

it % w gy
Region Stand
H U 7 b Kit
Nihonkai- = = U Eni 21
engan ZF B 7 0b 14 9
>N 7R & Hab 4 10 14
Thuri R /\ > Hob 25 22 21 14
T R < Az 41 26 27 14 14
¥ ¥ X Ym 41 37 7 7 10 19
Kamikawa 7 %t Asa 57 17 104 11 10 32 5
7 A A Kmi 48 67 128 11 12 16 5 5
B = A Bie 103 124 63 18 10 37 6 16 11
Tokachi v b7 Stk 175 190 72 28 20 41 15 T 14 13
Z 2~ K Okt 103 107 95 24 18 22 10 25 21 8 10
Kitami </t Msp 103 86 132 21 14 36 10 35 111 5 1 61
ZF =2~ 0Okp 102 88 149 20 9 33 6 12 14 18 16 2 13
)L X X Rb 146 143 178 33 22 46 32 80 104 37 28 43 45

ORI Losis oo s S SR :

‘,M"D 25,1 i
. i '
Haimin b 2914 B 23z ik FE]
|
SRR 25.1 |
I T T T e — |

‘

:

——————————— BP9 cmmcmcmama=
%513 2 FFAEVRA RO A= B HIER ORE(ELME, BV ML
RVEIEZ, KEWEZRREORNZ & %
L7,
Fig. 13. Diagramatic representation of approximate degree of
similarity among growth regions for 2-year growth
in progenies.
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Z LD, MOTHOBEREROZERIRE L AT HER LTV A RWEA S, v MRS

H143R WO Lizhs - TR L7 fio
D QHFEDAR)
Table 14. Dvalues (X10) between stands arranged according
to longitude of the stand obtained from 2-year
progeny materials.

Hh i1 w
Region Stand
Nihonkai- { s 7 KKt
engan — = U Eni 21
Iburi A~ X Y Hob 25 22
Kamikawa ¥ ¥ XYm 41 32 10
Tokachi v v b 7 Stk 175 190 20 15
Kitami { ~ /L v 7 Msp 103 8 14 10 1
m + 4 b Okt 103 107 18 10 10 61
St BEeE berssssaissiveie ,
. - 16 1 ‘2 " 2] . :
v H '™ )
e, pa I N 10
; 7 :
\ 22 28 i '
1 1 e ] [ K
! A | '
' "
: :
e e o} Wt RO s R

F 14X TR LB s ORI
Fig. 14. Diagramatic representation of the approximate of similarity
among growth regions for 7-year old in progenies.
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Table 15.  Between stands Dvalues (X10), the stands arranged in order
to decreasing similarity to Azuma in Iburi region, each stands
were grouped based upon the degree of similarity of the
stands determining relationship among them.

it S 97
Group Stand
7 R < Az Az
4 v 7 O0b 2 Ob
I Z U 7 b Kit 2 2 Kft
>N 7R @ Hab 2 3 4 Hab
Z = v~ Okp 3 6 4 4  Okp

Y ¥ X Ym 12 11 8 13 9 Ym

/L~ 3~ Rb 12 12 7 15 13 4 Rb

4 7 b Okt 15 15 10 14 17 6 1 Okt

7 % b Asa 16 16 12 18 18 8 3 2 Asa

71 A A Kmi 18 19 15 22 14 14 8 7 7 Kmi
il v = 1 Bie 20 20 16 21 26 17 11 8 8 2  Bie
v v b7 Stk 28 26 23 29 33 21 18 12 12 5 4

Stk
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Fig. 15. Dendrogram of the relations among fifteen stands based on
WVGM clustering procedure of correlation coefficients. The
ordinate is shown in correlation coefficient scale, r .
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Summary and conclusion

The main purpose of this study was to determine patterns of geographic variation for a
number of morphological and physiological traits of leaves, seeds and seedlings of Betula
maximowicziana REGEL and to determine the causes of such variation.

Mature seed and leaf samples were collected from each of 6 in 15 natural stands scattered
throught out the species range in Hokkaido in the fall of 1958. The seeds were sown in a
nursery at Koshunai, Bibai, Hokkaido, in the following spring, and they were grown for 2 years.
Data were collected from the resulting seedlings in the fall of 1960. In the spring of 1961
parmanent outplantings of the stand progenies were established at Koshunai (Experimental
Forest), Bibai, Hokkaido. In the fall of 1966, data were collected from this forest as a 7 year
progeny material.

Data were taken on 9 traits and 2 traits in the progenies, and were subject to analysis of
variance to determine the proportions of variance associated with growth regions, stands
within growth regions, and mother trees within stands. The parental data gave information on
phenotypic variation associated with locality, while the progeny data, for the most part, gave
information on the extent of genetic variation associated with locality of source. Isograms were
drown to elucidate patterns of variation where justified. Regression analysis were employed
to study relations with climatic factors. A distance function was used to a group of traits
simultaneously.

Major findings are as follows :

1. In the parental data such tree-to-tree variation was relatively strong for seed weights
and germination rates, while they showed significant differences associated with the
geographic source of the materials, especially, region-to-region variation was relatively strong
for tree height and stem diameter growth. In the progeny data, region and stand variation was
stronger for total height and stem diameter.

2. Most of the traits showed some types of continuous variation, containing one or more
trend reversals or fluctuatings. These patterns apparently resulted from adaptation to
gradients to environ-mental factors, which involve climatic factors. The trend reversals were
probably due to the existence and interaction of two or more factors affecting for each traits.

3. Longitudinal variation also existed for tree height and stem diameter in 2 year progeny
materials but was not latitudinal variation. In the regression analysis, altitudinal gradient had
affected for total height and stem diameter significantly.

4. Multivariate analysis showed longitudinal gradient through Nihonkai-engan and
Kamikawa regions, which contained a reversal in the northeast region, Kitami. Thus, in the
central region, Kamikawa was variable region in stand-to-stand variation. All of characters
indicated discontinuous variation pattern, then this species was divisible into three moderately
well defined groups.



