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Through the previous studies by this auther, four types of Pinus subgenus Haploxylon, P, puesiliz, TENGLU-

type and OTWAKE-tvpe of P, rakkodensis, and P parviffora, were distinguished by seed size and life form, wene

recognized. In this study, multivariate analysis of their needle size and 15 morphological traits were carried out

e examine the variation ameng the populations. The results of discriminant analysis indicated that the

populations are grouped into two subclusters, consisting of £, pumila and TENGU-type, and £. parvifora and

OIWAKE-type, respectively, This result well agrees with the results of seed morphology and cones and

ovuliferous scales repored previously. Consequenly, TENGLU and OIWAEKE types may be recognized as

extreme forms of P, pumila and P, parviflora, respectively,

Hayashi (1960) and Oota et al. (1983) re-
ported that three species of soft pines belonging 10
Pirus subgenus Haploxylon, Pines pumila (Pallas)
Regel, P hakkodensis Makino and P, parviflora Sieh.
el Zuce., were growing in ML Tateyama located in
Toyama prefecture,

The name of P. hakkodensis was published by
Makino and Nemoto (193 1) with a short description
as an intermediate species between P, pionila and P.
pentaphylla, having ascendent stems. Since then, it
has been considered as a hybrid between P. pumila
and P, parviflora(Hayashi 1960, Kitamuora and Murata
1979, Satake 1989), or as a variety of P. pentaphyvila
Moayr (Iwata and Kusaka 1954},

Sato (1993a) recognized four tvpes of soft pine
populations in Mri. Tateyama based on the variation
analysis of seed size and life form. The first type was
identified as P. pumifa. TENGU-type and OIWAKE-
type were identified as P. hakkodensis because both

of their intermediate features between P. prsmila and
P. parviflora as described by Makino and Nemoto
( 1931). The fourth type was identified as P. parviflora.
Allometric analysis of seed scale morphology re-
vealed difference between P, pumila and P, parviflora,
TENGU-type similar to P. prnila, is distinct from
OI'WAKE-type, which is similar to P, parviflora
(Sato [993h),

Kochne (1893), Hayata and Satake (1929), Doi
and Morikawa (19299, Ishin (1938) and Kausik and
Bhattacharya ( 1977) suggested that anatomical traits
of needles were useful to classity Pinus. On the basis
of the number and arrangement of resin ducts, the
Siberian P. prmila weremore similar to the Hokkaido
plants than to the Honshu plants { Sato 1993c). There-
fore, to obtain the helpful evidences to understand the
taxonomical and phylogenetical relationships among
four types of soft pines in ML Tateyama. morphologi-

cal and anatomical studies on needles were under-

—253—




taken.

Sampling procedure and Method

Eleven populations of soft pines in M. Tateyama
including four populations of P. pumila, two of
TENGU-type, three of OIWAKE-tvpe and two of P,
parviflara(Table 1. Fig. 1) were chosen for this study.
Twenty trees, growing more than 2 m away from each
other, were sampled per population. Cne branchlet
was Laken from a sunny crown of each tree because

shade needles are smaller (Shimakura, 1934), Five
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one-year-old fascicles were removed from a branch-
let. The site of measurement for each characteristic
was shown in Table 2 and Fig. 2. For the study of
external morphology, one needle was removed at
random [rom each fascicle, and about 7 needles per
tree were measured for their length (NL). Number of
serrations on the abaxial edge of needles (NSE) was
counted on a central 5 mm section of needle. For the
study of anatomical characters, one needle per fasci-
cle was removed and stocked in 80% alcohol. The

central part of the needle was sectioned and examined

Table 1. Populations studied and their sampling size

- Altitude Sample Sampling e
Focbticy () .uirE dane e

| MURODO-A 2450 22 24, Sep. 1990 P punila

I MURODO-B 2400 i5 1 Bep. 1990 P. puomila

3 OOTANI 2310 20 2. Sep. 1990 P paerita

4 TENGLU 2300) 21 2. Sep. 1990 TENGU.ivpe
5 KAGAMISHI 2250 22 2. Sep. 1990 TEMGU-type
6 MIMATSU 2080 21 2, Sep. 1990 P puirnilic
TOIWAKE 19003 0 24, Sep. 1990 CIWAKE-type
B MANAMAGARI 1704} 21 24, Sep. 1990 OIWAKE-1vpe
9 DAIKANDAL 1450 20 24, Scp. 1990 OIWAKE-1ype
10 DAIKANDAI 1450 21 24, Sep. 1990 FP. parviflora
11 SHIMONOKODATRA 1 380 13 24, Sep. 1990 P, parviflora
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Fig. 1. Eleven populations of soft pines observed in Mt Tateyama.
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under the light microscope for 15 characters shown in

Fig. 2.

Discriminant analysis has been used to clarify the
relationship among species complex and to study

seographical variation (Smouse and Saylor 1973a, b,

Table 2.
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Piedra 1983, McCune 1988). This analysis has also

proved to be useful in characterizing differences be-

Meedle characters wsed in multivariae analysis

Codde of
character

Character

Lnits or coding

<Gross form of needles
ML
MNSE

MNeedle length
Mumber of serration on a central Smm
section of needle

<Anatomical character in cross section>

MR
Fl
MNET
MH
NEX

MS5

LA
LL
DE
DR
(Nl
RE
RR
RD
RDL

Mumber of resin duct

Frequency of idioblast in mesophyll
Mumber of stomata per one laeral side
Number of hypoderm layer per abuxial side
Mumber of sclerenchyma cell in xylem
side of transfusion tssue

Mumber of sclerenchyma cell in sieb side
of transfusion tssue

Length of abaxial side

Length of lateral side

Diameter of endoderm circle

Diameter of the lurgest resin duct
Distance between external resin ducts
Fatio DE/LL

Ratio DR/LL

Ratie DIDE

Ratio DILE

TN

Lm
Lm
m
pm
Hm

rulic

ratic
ratio
ratio

NL

Fig. 2.  Schematic drawing of needle and its cross section, indicating the sites
of measurement for each characteristic.

tween predefined groups, particularly where hybridi-
zation may be involved (Mayer and Mesler 1993).

Thus the discriminant analvsis was carried out on the
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needle characters of each population,

Results and Discussion

The mean value of external morphological data
and anatomical data in each population are shown in
Table 3. The needle length (NL) of three adjacent
populations, TENGU, KAGAMIISHI and
MIMATSU, is more than 55 mm, being longer than
those of other populations.

The numbers of serration (NSE) of P. purila and
TENGU-type were fewer than those of the other types
in average.

The numbers of resin ducts (NR) per needle in
most trees of P. parviflora were more than two.
Several trees of this type have three resin ducts, two
external and one middle or lateral. Most of the resin
duets were located on the abaxial side of needle. In P.
pumila and TENGU-type the needles which have
three resin ducts were not observed except one sample
from MIMATSU population. Pinus parviflora found
to have two external and one middle or lateral resin
ducts positions in the needle.

The idioblasts in mesophyll (F1) were found in the
TENGU-type and the TENGU, KAGAMIISHI,
OOTANI and MIMATSU populations of P, pumila,
which were located closely. Ishii (1941) recognized a
new type of soft pine with the idioblast in mesophyll
on Mt Zao.

The mean numbers of stomata per lateral face
(NST) of TENGLU-type were more than those of other
types. The mean numbers of cell layers in the hypo-
derm (NH) of P. pumila and TENGU-type were more
than one. while other types mostly consisied of a
single cell layer.

The sclerites in the transfusion tissue (NSX and
MN55) were found in the samples of OIWAKE-type
and P_parviflora. Very few sclerites were observedin
a few samples of TENGU-type and only one sclerite
was found in a sample of OOTANI-population. In
OIWAKE-type, the mean number of sclerites in the
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adaxial side (NSX) was fewer than that number in the
abaxial side (NSS5). The mean number of sclerites in
adaxial side (NSX) of OI'WAKE-1ype was fewer than
that of P. parviflora. Doi and Morikawa ( 192%) and
Ishii (1941 recognized that the presence of sclerite in
the transfusion tissue was one of distinct characteris-
tics of P. parviflora. According to their criteria,
OIWAKE-type should belong to P. parviflora,

The mean values of LL, LA, DE and DR in
TENGU-type were significantly longer than those of
other types. The mean values of the RR in TENGLU-
type and OIWAKE-type were intermediate between
P parviflora and P. pumila, The mean values of the
RD and RDL in P. parviflora were bigger than those
of other three types, but the differences in this ratio
were insignificant,

Discriminant analysis was carried out on the 14
leaf characters of each population, excluding DI, RD
and RDL.

A discriminant function was computed from F.
pumila and P. parviflora samples and the residual
covariance matrices. A combination character index
was then obtained by scoring each tree according Lo
the following equation:

14

Discriminant score = iJ—E] 8y,
where ‘a’ is the character weights derived from the
discriminant analysis and *Y" is the observed values.
Discriminant functions are shown in Table 4.

The mean values of the discriminant score and its
95% confidence limits of each population are shown
in Fig. 3. It is evident that there is a clear disjunction
between the £, pumila and TENGU-type populations
and the P. parviffora and OTWAKE-type populations.
In the former cluster, there were no significant differ-
ences between the P. pumila populations (No. 1,2, 3,
6) and TENGU-type populations (No, 4, 51, In the
latter cluster, the mean scores of OIWAKE-type
populations exhibited a clinal change corresponding
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Table 4. Discriminant functions and correlations of each
variables to each discriminant scores

Diiscriminant

Characters ) r
function

NL 000218 L1126
NSE 005 1.321
NR —0.02550) (.145
F1 008368 (1384
NST 00061 R Y]
NH 005386 0. 760%=*
MSX (L2554 0. BR5**+
NSS L2128 noye==
LL (1K1 5 0138
LA LEEVEAE] 0.118
DE (OO (1063
DR (.00133 (L=
RE 110759 {1,126
RR —0.19253 (AL #*e

Residual 0, 100509

MAHALANORBIS D-50011A 5149

E-WALUE Fil4, 62) 0,1

***Correlation significant at the 0.19% probability level
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Fig. 3. Mean values of discriminant score and its Y5% confi-

dence limits of each population. 13, 6: Pinus pumila, 4, 5:

TENGU-type, 7-9: OIWAKE-type, 10, 11: P, parviflora.

to the elevation of the locations and the smallest mean

score had no significant difference from those of P,
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Table 5. Result of discriminant analysis

m Dhscriminant score
Type

ype Mean Sud,
F. pumila 022 LR
TEMGU-type .24 (.00
OIWAKE-type {109 (6
P parviflara .23 (.01

parviflora populations. Thus, OIWAKE-type may
not be recognized as distinct in the needle anatomy.
This result will agree with the results obtained in the
previous studies of seed morphology (Sato 19934
and cones and scales (Sato 1993b), Consequently,
TENGU-type and OTWAKE tvpe, previously recog-
nized as P. hokkaidensis were apparently different,
could from each other and may be recognized as
extreme forms of P. pumila and P. parviffora, respec-
tively.

Coefficients of correlations between the discrimi-
nant scores and each variable are shown in Table 4.
The discriminant scores are distinctly high in the five
variables, NH, NSX, NS5, DR and RR. That indicates
that these five characters are suitable o distinguish P.
pumila from P. parviflora, and are also important to
understand relationships in P. parviflora group and
the related taxa.

After de Ferré {1966) presented that P, pumifa is
most closely allied to the P. parviflora group, Mirov
(1967} and Critchficld (1986) ook a similar view.
Mirov (1967 proposed “parviflora complex” includ-
ing Chinese and South East Asian white pines (P,
kweangrungensis, P. wangi, P. morvisonicola etc.)
and he assumed that through P prenila the *parviflora
complex” is possibly connected with P. sibirica.

By using other analyses. review of the relationship
between P. pumila and P. parviflora will be needed

after this,
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