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Abstract

Rubus satotakashii NARUHASHI et CHEKSUM, endemic to and exclusively found on Mount
Kinabalu, Sabah, in Borneo, is possibly a hybrid of R. lineafus REINWARDT ex BLUME and R. lowsi
STAPF. Not only is R. safolekashii found growing near population of R. fneaius and R. lowii, it
exhibits many characters which are intermediate to both the latter species. Flower and fruit
morphology including number of flowers per flowering twig, number and size of petals, number and
length of stamens and pistils, and number of fruitlets per fruit were compared, Although many
characters were intermediate in value, some characters such as stout inflorescences, incised sepals,
divided stigmata and dark red fruits are unique to K. sefolakashii. Because of these unique characters
there is difficulty in confirming whether R. safolakashii is a natural hybrid.
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According to NARUHASHI and SATO (1983),
the plant now known as Rubus salotakashii
NARUHASHI et CHEKSUM was determined to
occur only on Mount Kinabalu, Sabah, Borneo,
A vear later this plant was described and named
as a new species (NARUHASHI, SATO and
CHEKSUM, 1984). In the 1983 investigation
populations of this plant were found together with
populations of both R. lineatus REINWARDT ex
BLUME and R. lowii STAPF at altitudes of 3300m
and 3480m. It has been proposed that R.
satotakashii may be a hybrid of R. lineatus and R.
lowii (NARUHASHI and CHEKSUM, 1985). This
study was initiated to compare the three species
and explore the possibility that R. safofakashii is a
hybrid of the other two species. A comparison of
iruits and flowers of K. safotakashii, R. lineatus,
and R. lowii is reported.

Materials and Methods
All the materials used in this study were

collected from several populations between 2200m
and 3800m in altitude in Mt. Kinabalu, Sabah,
Borneo, Some of the specimens were dried, while
others were fixed in FAA (five parts stock
formalin : five parts glacial acetic acid: 90 parts
70% ethanol), Examinations of the external
characters of the flowers and fruits were carried
out in the field and in the laboratory.

For the analysis using common statistical
methods (F-test, t-test), the following characters
were chosen : the number of flowers per flower-
ing twig, number of petals, length and width of the
petals, number of stamens, length of the stamens,
number of pistils, length of the pistils, and number
of fruitlets per fruit.

Results of
Comparison of Floral Characters
1, Flowering twig
The number of flowers per flowering twig in
many plants is normally treated as the number of
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Fig. 1. Flowering twig of Rubus lineatus.

Fig. 3. Flowering twig of Rubus Ilowii.
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Fig. 2. Flowering twig of Rubus salolakashii.

flowers per inflorescence. Because both R.
lineatus and R. lowil do not possess the so-called
true inflorescence as remarkably exhibited by R.
satotakashii (see Figs.1, 2 and 3), the term
flowering twig is used for the purpose of homoge-
neous analytical comparison for the three species.

The number of flowers per flowering twig in
cach species was examined in populations at
different altitudes, It has been observed that
there is no apparent difference in the flower
number in K. linealus from populations at
different altitudes. However, there is a slight
difference in the number of flowers, varying from
2 to 35, in R. lowii at 3100m, 3300m, 3480m, and
3600m altitudes. As for R. salofekashii, the
number of the flowers is extremely low in
populations of higher altitudes. For instance, the
number of R, satolakashii flowers in the popula-
tions at 3300m and 3600m are 30 and 6, respec-
tively. Table 1 shows the number of flowers per
flowering twigs in the three species. In particular,
R. satotakashii shows the highest number of
flowers. Rubus Iineatws shows.an intermediate
number, and R. lowii has the fewest flowers.
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Fig. 4. Longitudinal section of flower.

Based on the
coefficient variation in the number of flowers per
flowering twig from the different populations,
there is a significant difference among the three
species according to F-test results (F=121.
5gr**y,

lowii has the fewest flowers,

Tablel. Number of flowers per flowering twig.

Species n an. of Mean+SD SE CV(%}
lowers

R. lineatus 62 6-39 16.0% 7.5 1.0 40.6

R. salotakashii 23 2-58 21.6+12.6 2.6 59.7

R. lowii 125 2-35 6.2+ 4.0 0.4 63.7

n: number of samples; SD: Standard Deviation; SE:
Standard Error; CV : Covariance

2. Flower

Figure 4 illustrates the longitudinal sections of
the three species concerned. The hypanthium of
R. lineatus is a well developed campanulate form
compared to the shallow cupular shape in R.
lowit ; whereas, K. satoiakashii shows an inter-
mediate structure between the two species. In E.
lineatus the receptacle is elongate and conical in
shape, while R. lowii is small and ovoid shape.
3. Sepals

The shapes of the sepals of the three species
vary from lanceoclate-oblong to deltoid-ovoid

(Fig. 5). Rubus lineatus has typical long aristate
and entire sepals. In R, safofakashii, the sepals are
shortly aristate and sometimes incised at the
apex. On the other hand, sepals of R. lowii are
caudate toward apex and commonly incised.

The outer surface of the sepal of K. lineatus is

A R lineatus: B: R. saloiakashii; C: R. lowil.

generally covered with long woolly hairs and
short tomentose hairs on the inner surface.
Basically the sepal indumentum of B. satotakashii
is similar to R. lineatus but differs by its shorter
woolly hairs covering the outer surface and
somewhat longer tomentose hairs on the inner
surface. Rubdus lowii has pilose hairs on the outer
surface of the sepal and short tomentose hairs at
the inner surface.

The results of the measurements of the length
and the width of the sepals of the three species are
shown in Fig. 6. There is a difference in length
and width in both R. lineatus and R. lowii. Rubus
salotakashii shows a wide variation in its length
and width including the range in variation of the
other two species. The correlation coefficient
between the length and width of the sepals has a
value of r2=0.33 for R. lmeatus, r*=045 for R
lowii, and r*= 0.21 for R. safotgkashii. The small
correlation coefficient value of R. satotakashii
implies that correlation between the length and
width of the sepals in this species is considerably
low.

4, Petals

The petals of R. [neatus are oblong to rhom-
boid-oblong, which are similar to the petals of R.
salotakashii, but R. lowii has deltoid-ovoid to
broad obovate petals. The petal apices of the
former two species are apiculate with simple
reticulations, whereas the petals of R. lowi have
rounded apices with complex reticulated veins

(Fig. 7). The petals of R. lineatus are white
compared to a greenish-white in both R. lowii and

*** means probability more than 99.9%
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Fig. 5. Shape of sepal. A: R. lineatus; B:
R | salotakashii ; C: R. lowii
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Fig. 7. Petals of three species. A: R.
lineatus ; B: R. saloltakashii; C: R, lowii

The number of petals per flower of the three
species is shown in Fig. 8 and Table 2. Normally
the species belonging to the genus Rubus possess
five petals; however, in these three species the
number of petals is variable, especially in R,
lineatus and R, lowii. For example in R. [neatus
petal number varies from four to sixteen. Rubus
lineatus also has the highest coefficient of varia-
bility value among the three species. The number

Width of sepal (mm)

Fig. 6. The relationship between length and
width of sepal. Solid square: R, fineatus ;
open circle : R. safotakashii ; solid triangle : R.
lowii.
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Fig. 8. Histogram on number of petals,
A: R lineatus; B: R. salotakashii ; C: R.
lowii.

of petals in this species does not reflect the
expected 5, 10, 15 petals of a typical 5-merous
flower. The variation in the number of petals in
R. safotakashii is small,
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Table 2, Number of petals.

J. Phytogeogr. & Taxon.

Species  n "% % Meanzsp SE cvi
petals

R, lineatus 30 4-16 8.74+3.9 0.72 45.1

R. satolakashii 30 4-6  4.9%0.4 0.07 8.2

R. lowii 30 5-10 6.7X£1,7 0.30 24.7

There is no significant difference in the petal
length among the three species (F = 2.52<3.07).
There is a significant difference (F =50.81***)
in the width of the petal among the three species.
The petal width of R. lowsi is comparatively
wider compared with the other species. The
relationship between the length and the width of
the petals from the three species is shown in Fig,
9. Based on this relationship, K. fowii shows a
higher coeffient of correlation (r?=0.574) than
R. lineatus (r*=0.176) and R. satotakashii (12=
0.100). The petal shapes of R. lineatus and R.
lowii differ, and the petal shape of R. safolakashii
is intermediate.

5. Stamens

The stamens of the three species are illustrated
in Fig. 10. Their filaments are basically
linear-lanceolate and the anthers are narrow
oblong to deltoid-ovoid. In R. lineaius the
filament is attached at the base of the anther,

Length of petal (mm)

A B c

smm

Fig. 10. Stamens of three species. A : K.
fineatus ; B: R. salotakashii ; C: R. lowii.

whereas in R. Jowii the filament is attached near
the center of the anther. The attachment point in
R. satotakashii is located in an intermediate
position compared to the two species above.
The number of stamens of the three species is
shown in Table 3 and Fig. 11. Results of the F-test
(F =83.41***) show there is a significant differ-
ence in the number of stamens among the three
species. However, according to Fig. 11, there is a
population of R. satotakashii which has the same

Table3, Number of stamens.

Species n no. of Meant5D SE CV(%)
stamens

R. lineatus 30 82-139 116.4+12.5 2.5 11.6

R, salslakashii 30 21-122  79.1+33.8 6.2 42.7

R. lowii 30 35-54 42.9x 5.5 1.0 12.8

Width of petal {mm)

Fig. 9. The relationship between length and width of petal.
Solid square: R. lineaius ; open circle: R. safotakashii ; solid triangle: R. lowii.
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few numbers of stamens as R. lowii. This Table5. Number of pistils.
population was found at a very high altitude Species 0 n‘o.t.Tf Mean+SD SE CV(%)

(3600m) and few stamens may be related to pisti’s

. tal diti As for the | th of R. linealus 30 179-261 209.6+18.8 3.5 9.0
environmental conditions. As lor the lengih 0 R. salolakashii 30  24-122  77.4%31.9 5.8 18.3
stamens, there is very little variation among the R. lowii 30 21-41  26.9+5.3 1.0 19.5
three species. The only difference is that the
stamen length of R. fncls is someniat shorer Table._Length of pistl,

an fc. iowi an 'hs‘“’ arasiii lscc Labie &/ Species _n_Length{cm) Mean®SD SE CV(%
Rubus lineatus has the most abundant number of R lineatus 30 0.20-0.70 0.48%0.10 0.02 20.8
stamens and K. lowi has the least. R salotabostii 30 0.30-0.60 0.50+£0.05 0.01 16.0
R. lowii 30 0.50-0.70 0.58+£0.05 0.01 8.6

Tabled. Length of stamen.
Species n Length{em) MeanxSD SE CV(%)
R, lineatws 30 9.25-0.50 0.38+£0.07 0.01 17.7
R. saiotakashii 30 0.30-0.60 0.45%0.07 0.01 15.6
R, lowii 30 0.30-0.70 0.46£0.00 0.02 18.4
6. Pistils

There is a significant difference in the number
of pistils between the three species (see Table 5
and Fig. 11). There are approximately 200 pistils
in R. lineaius, 100 in R. safotakashii, and 30 in R.
lowii. An exceptional case was encountered in a
population at 3600m altitude in which R
satotakashi? had only 30 pistils which is the same
number normally exhibited by R. lowii (see Fig.
11, lower-left portion of graph).

The general structures of the pistils as illustra-
ted in Fig. 12 are the same in the three species
except for the size, vestiture and stigma shape.
The size of the R. safolokashii pistil is inter-
mediate between R, lineatus and R. lowii (Table
6). According to Table 6 R. lineatus has a 20.8%

CV, which means that there is a considerable
variation in its pistil length. The ovaries and the
lower portions of the styles of R. lineatus and K.
satolakashii are covered with densely pilose hairs
but in R. lowif the ovaries have sparsely pilose
hairs and the styles are entirely glabrous. The
narrowly clavate stigma of R. lineatus is distinct
compared to the centrally concave bifid stigma of
R. lowii and the tuberculate stigma of £.
satolakashii,
7. Fruit

The apgregate fruits of the three species are
similar in shape, globose-ovoid, but differ in color
from each other. The fruits are reddish orange in
R, lineatus, dark red in R. safotakashii and red in
R. lowi{. The styles in the matured ovaries are
persistent in all the three species (Fig, 13} . There
is no significant difference among two popula-
tions of R. lineatus, in the number of fruitlets per
aggregate fruit (t-test: t= 0.28<2.02). Also,
there is no significant difference in the number of
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Fig. 11. The relationship between number of stamens and pistils per flower. Solid square: R. lineatus ; open

circle: R. satolakashii ; solid triangle: R. lowii.
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Fig.12. Pistils of three species. A: R. lineatus;
B: R. satotakashii ; C: R. lowii.

fruitlets among three populations of R. lowii by
the F-test (F =0.07<3.22). Only one population
was examined in R. safolakashii since few in-
dividuals occurred at the higher altitude {3480m
- 3600m) and no fruits were observed during the
period of investigation (June 1982 - March 1983).
Generally there is a significant difference in the
number of fruitlets per fruit between the three
species (F-test: F= 431.67***). Moreover, K.
lowii shows the largest CV value which indicates
that it has a wider variation in the number of
fruits within the species (Table 7 ).

Table 7. Number of fruitlets per fruit.

. no. of
Species N itlets Me2n:SD SE (VR
R, iinecalus 37 67-177 138.9%25.4 4.2 18.3
R. satolakashii 40 17-102 77.4+16.7 2.7 21.6
R. lowsi 40  9-27  20.3+ 6.2 1.0 30.4
Discussion

The complexity of hybrid species in any plants
has long created taxonomic problems (STEBBINS,
1950 ; DAVIS and HEYWOQOD, 1963 ; WAGNER,
1968 ; GRANT, 1971 ; STACE, 1989). Even with
these problems, the occurrence of hybrid species

A

Sm

”‘l

in the genus Rubus has been reported by several
authors including REITERSON (1921), GUSTAF.
FSON (1942), LARSSON (1957), JINNO (1957,
1958), BaMMI and OLMO (1966), HASKELL

(1966), NARUHASHI (1976), AHOKAS (1979,
NARUHASHI and MASAKI (1980), and
NARUHASHI (1990).

The character index of the hybrid is usually the
average value attained by divergences of the
parents (NARUHASHI and MASAKI, 1980). Several
authors have reported that many characters of
the hybrid species such as numbers of stamens,
pistils, and fruitlets are numerically intermediate
between the numbers occurring in the parent
species (BAMMI and OLMO, 1966 ; NARUHASHI,
1976 ; NARUHASHI and MASAKI, 1980). A
specific example of an intermediate character of
R. satotakashii when compared to R. fneatus and
R. lowii was given by NARUHASHI and CHEKSUM
(1985). In this investigation, the fruitlet stone
surface of each species was examined using
electron microscopy. It was shown that R,
Iimeatus has weak reticulum meshes compared to
large and strong reticulum meshes in R. lowii,
whereas the stone surface reticulation of K.
satolakashii is intermediate,

This investigation also shows that R.
satotakashii has characters of intermediate value.
For example, the flower shape of R, safolakashii is
intermediate between the campanulate and
shallow-cupular forms of R. lineatus and R. lowii,
respectively. In addition, the petal shape of R.
satolakashii is intermediate, Also, the attachment
point of filament to anther; the number of
stamens and pistils, except at very high altitudes;
and the size of the pistils are all characters that
are intermediate in value for R. safofakashii.
Many of the other characters examined were

50

Fig.13 Fruitlets of three species. A: R. lineatus ; B: R. satotakashii ; C: R. lowii.
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shared or differed only slightly in two or more of
the three species. Altogether these characters
point towards the possibility of hybridization.

Although hybridization may have occurred,
there is evidence that sugggests otherwise. For
example, R. safotgkashii has some characters
which are very distinct {i.e., not intermediate)
when compared to R, lineatus and R. lowii. These
distinct characters include a robust inflorescence,
incised sepal, tuberculate stigma, and dark red
fruits. Moreover, as mentioned before, at high
altitude, the number of stamens and pistils
deviated from those expected intermediate
numbers of a hybrid species. This phenomenon
may be due to unsuitable growing conditions for
R. satolakashii at higher altitudes.

From this morphological study of floral and
fruit characters and with interpretations of statis-
tical analyses, it has been determined that R,
satofakshii has many intermeditae characters as
well as distinct and unique characters in com-
parison to R. lineatus and R. lowii. Assuch, it is
difficult to confirm whether R. salofakashii is
actually a natural hybrid of R. fineatus and R,
lowii,

The authors wish to thank Miss JANICE JUTILA
for the critical reading of the manuscript.
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BiTof. MOFooFE R, TEELSLD OTEH. TEBIEE R, lneatus ¥ R. lowi OB 273 %
e, TEROE. EFei, ETuR, BPvE, NI fETH ol UL, BERTERF. HE X
MR, BLURSRIEDOMREHLETH WDty Mg LAEE, 82 URREORER
%, 2R\ R, salotakashii DAOBHETH -7,
FORER., BEEMNICIEP I D R satotakashii DFE (Received February 2, 1991)

O ¥ISEE  AKTE#EY 248 Sumihiko HATUSIMA : Two Species Newly Found in Japan.

1. FHRe¥rvas (FH) (Fig.l) FEOOFACBI2HRBCE -0 TR 1922 E8H0ES, T
b, THARBKEFERE OKXKER (1972)209 Bt k2 &, HRIZ 1922 (KFI) ETE BHOAASRCE
D AEMRERETRO LS AT WA, TEEACASETD, SA0NFEHTEAe ¥y 2R alkEL
D, t¥>yw=2ss5 o, EORD32, BROERRTSAY, v3¥uly, A F4Fy, 7%, =
SH,FTIF, ¥ murAd, voFE, FAHY, 4AR/F, FARAY, +F A%, suiarzs,
YIVNE, TAF, PUFTyRENEZ TS ), TRV S ABMICAELZ2H0T, RERTR
HEHOBARSSHEERZ LXHON TV 5, IHHHEES S 20km PR H 2 EATO MR EL
TVRienH 2, BhERLBLLEZEbRY, ¥t ¥rvain®ER 2 AERT S, FLoERD
HETRTATEFRALZ-TED, KGRASThTwE, MEZ o0 5 IFTHORSEREEKICH
B EKRELRS, ShEsRonsd, HEodmid T, 1989F 11 A 38, HRAMBFER L iz /AdEHT
HHALER Ikm OFFC £ 2 RAMHBATHASRR S, FEL12 8 16 BARHHTHRR, 2TvT12
A23H, 2wEEEDBFSWLARSBAEMLTRES R, TOERN2ELA~LER, TE(ZE, mWl, #
ik, IV, T WL, BE, B CELKSMT I TEOEEOBMARTHS Zedtbhof, R L ¥
w2 i GREPIA DT LERODE IS,

A, BREHMABTES 10~12cm, $HLH, QR 6T TTETEL (EHL, HIEESR RFEREESS
em T, BREEPPM, RERK S SAMT LemXem i, 7~11 AEEH, BARELZENEBRTH
BT m e FHANEHE T2

A, BRBAB~LEABCES Tom i, #6587 i3EMOmEMg, AR 4~5 HTTE TP T8,
BEVHEENER, RFERES 5—Tom, BIEERPPEL, BEGARE SHMITT1.5~1.8cmX1.5cm, HOHE
ESO~B0cm ZEFT AR, E¥reas

THEHEDEREE W NEED >+ A /&, YAEF, #3537, YFRAEF, F2TFV /)X, ZARA
FhED, Whd HEERLHTIERRPESHNTwES, FEYFO—HlrEbhs,

ZPEECZ2QRETOEABEDLOT, ZZ0HOREOBMBERITOLD E—BLTWw 54, &
FHMBBTHY, HORARLLEZ2BTHLH65BOMERE BN,

2, vy el FEREESROBEY, NIAho itk Y cREC4BoAsETAE AT Y HILN
Twizh, BEROFDEADH TIHRE LA A VIRANZEL»EVOT, HLEKBWE~NE 2238
B, Wi, bR AT A TREROHEY TH 2 I e bhol, MHREXFT TRIZLA FEITE i,
BE2RNEF SO B, ANERTE ALY HEHFEE N T35, EREOTYEYEYHRASHL TED
HHNBZLOTEELTWRIZE Y,

1. Euonymus oblongifolius LOES. et REHD. in SARGENT, P1, Wils, 1 (1913} 486 ; Anon,, Icon. Corm, Sin,
2 (1972) 673, £. 3075; CHANG, D.Y., FI. Sichuanica. 4 (1988) 270, pl. 719: 4-6.

Hab. Innai-cho, Pref, Oita, Kyusyu: Takanami Shrine, M. ARAKANE 26987 (st.), Nov. 3, 1989, 30119
(fr.), Nov. 23, 1990 ; Yasaka Shrine, Shimo-gomyo, M. ARAKANE 26989 (st.), Dec. 10, 1989.

Distr, C. and S. China.

2. Trapa pseudoincisa NAKAI in Journ. Jap. Bot. 18 (1942) 436, t. 3, {. 9; KITAGAWA, Neo-Lineamenta
FL. Mansh. (1979) 466 ; BEAEEE, WE/KESSHEMEE (1983) 126, f 68; WML LS (1985) 1233, £
528, 4-5.

Hab, Miyato, Ohkuchi City, Pref. Kagoshima, Kyusyu.

Distr. Korea, Manchuria and N, China. (T 892 B IRETTHHET 2635-3)



