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The genus Arabis in Japan comprises ten
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Abstract

Variability in leaf hairs is reported for a local population of Avrabis stellert var. japonice in a sand
dune habitat in Toyama Prefecture, Japan. Eleven quadrats (1 m® each) randomly located in a sand
dune area (5 quadrats) and in adjacent habitats including a pine forest stand {3) and an intermediate
zone between the sand dune and the forest (3) were studied. The proportion of hairy (I1) and
non-hairy (NI) plants significantly differed among and within these three habitats. Sand dune and
ecotonal subpopulations presented, on average, a 3: 1 (NH ; H) ratio. Pine forest stands contained few
number of hairy individuals. Hairy and non-hairy plants did not differ in most of the morphological
and reproductive traits measured. Patterns of spatial distribution differed between quadrats. Hairy
and non-hairy plants were aggregated or randomly distributed. Constancy in presence of leaf hairs
in transplanted plants in a common garden suggests that the variance in this character has a genetic
component. Hair polymorphism is reported for the first time in this species, and the hairy form
should be distinguished from the non-hairy commen form as has been done for other species of
Arabis. Further studies are necessary to understand the ecological and physiological consequences of
this polymorphism.

Key words: Awubis stelleri, Brassicaceae, hair polymorphism, sand dune, spatial distribution.

hairs in its radical leaves (OHWI, 1965).

species and some of them are very variable
morphologically. That is the case of A. gemnifera
(ILARA, 1976), A. lyrata (IHARA, 1976), A. serrata
(OYAMA, 1991, 1993) and A. kawasakiana (OYAMA,
unpublished). One of the most notorious mor-
phological trait in this genus is the presence of
different type of leaf hairs (e.g., simple, hifurcate
or stellate} in one or hoth leaf surfaces or in stenis
(OHWI, 1965). This character may vary within a
single species in this genus in different ways. For
example, in A. serrala var. japonica most of its
populations have leaf hairs in both surfaces
although it is possible to find populations with
hairs only in the upper surface (OYAMA, 1991,
1993}. The variety glauca of A. serrata has heen
distinguished from other varieties by stipitate

JHlageliosa, the forma lasiocarpa has been reported
and the only distinguishing trait is the presence of
pilose siliques (capsules) in contrast with other
formas with none or low density of hairs. In A.
gemnifera, the forma afpicole has been reported,
in its northernmost limit, as densely hairy on all
parts (OHWI, 1965).

During a research on the population biology of
A. stelleri var. japonica “hamahatazao™ in differ-
ent localities in Japan, I found a sand dune popula-
tion in Toyama Pref. (Hamakurosaki, Toyama
City) which has two types of plants easily distin-
guishable phenotypically, plants with and without
hairs on leaves of both rosettes and inflorescence
stalks. Plants of this species are very common in
this locality in different habitats from open sand
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dune zones to herb substrate of pine stands.
These habitats differed in several micro-enviro-
nmental and hiotic traits., For example, plants in
the forest received less light intensity than in open
sand dune habitats. Diversity of other plants
species also changes throughout these habitats.
Plants differ in some morphological and ecologi-
cal traits (OYAMA, unpublished data) although
plant differences related to hair polymorphism in
this species are unknown, Hair polymorphism has
been suggested to be related to differences in
physiological traits related to water economy (e.
g., EHLERINGER, 1984) and defenses against herbi-
vores{e.g., LEVIN, 1973). In this report, a compar-
ison in frequency, spatial distribution, mor-
phological and reproductive traits between hairy

and non-hairy forms of A. sfelleri var. japonica
are presented. The main guestion addressed in
this paper is: which traits are related to differ-
ences in hair polymorphism in plants of A. stelleri
located in a sand dune and adjacent habitats?

Materials and Methods

The locality studied can be divided in three
different zones : sand dune, forest and an interme-
diate ecotonal zone. In each zone, eleven 1 m*
quadrats (plots) were randomly established along
transects. Five quadrats in the sand dune area,
three in the forest and three in the ecotone. Plants
of A. stelleri var. japonica in each quadrat were
tagged with plastic labels and mapped in scale for
further analyses. Scaled maps of each quadrat

TABLE 1. Frequency of hairy and non-hairy forms of Arabis stelleri var. japonica

Forms Dune Elabitat Forest Total G P
cotone
Non-hairy 208 244 146 597 432.66 0.001
Hairy 71 86 4 163
Total 280 330 150 760

TABLE 2. Ratios between hairy (H) and non-hairy (NH) forms of Awebis stelleri var. japonica. Chi-square

test deviations from a 1: 1 proportion

Plots
I II il v \' Total
NH: H NH: H NH: H NH: H NH: H NH: H

1. Dune

Observed values 5813 59 : 35 32:5 34:5 26113 20971

Nearest absolute

ratios 411 2:1 711 7.1 2:1 311

Chi-square 28.521 7.127 19.703 21.564 4.333 68.014

P L2 ] # LE L] ok * LR E ]
2. Ecotone

Observed values 120 10 43 1 44 7632 244 1 86

Nearest absolute

ratios 1201 1:1 2:1 311

Chi-square 93.077 0.174 17.926 75.648

P LR ] NS xR W LEZ ]
3. Forest

Obseved values 50:0 70:0 264 146 1 4

Nearest absolute

ratios 50:0 70:0 6:1 25:1

Chi-square _ - 16.133 134.427

P YY) . kok

tChi-square test was not applied due to zero values in one of the cells

AP <0.001; *P<0.05; NS.P>0.05



December 1993

J. Phytogeogr. & Taxon.

Vol. 41. No. 2

were divided in 100 cm?® subquadrats to estimate
the frequencies of plants of each morph, hairy and
non-hairy plants, in each subquadrat. The fre-
quency of hairy and non-hairy plants observed in
the field was contrasted to a 1: 1 ratio, to be
expected theoretically if there was not any selec-
tive pressure against either type of plant; G-test
and chi-square statistics were used {ZAR, 1974).
Using these frequencies values, the patterns of
spatial distribution were also estimated using the
Morisita index of aggregation. This index may
have values> 1, equal to 1 or <than 1 indicating
an aggregated, random or uniform patterns of
spatial distribution respectively (POOLE, 1974).

A certain number of plants were collected ran-
domly along line transects in both the ecotone and
dune zones. Fifteen non-hairy and 14 hairy plants
in the dune zone and 30 plants of each form in the
ecotone zone were collected at the beginning of
the seeding season. Plants in the forest were not

included due to low density of hairy plants. Each
plant was measured and separated in its mor-
phological compartments and dried in an oven to
60" C during 24 hours. The following traits were
recorded : number of shoots and inflorescences,
height of inflorescence stalks, maximum length
and width of leaves on the stalks, number of
flowers, and shoots, stalks and reproductive
biomass.

Several plants of each form (hairy and non-
hairy) were collected in the field and they were
transplanted into a common garden in Kyoto
University, and some were preserved as herbar-
ium specimens (Kyoto University Herbarium).
After few weeks, leaves of hoth types of plants
were collected simuitaneously to measure the
following traits on the same leaves: i) maximum
leaf length, i) maximum leaf width, and iii) leaf
hair’s density. Leaf length and width were mea-
sured from base to tip and at the widest point.

TABLE 3. Patterns of spatial distribution of hairy (I}, non-hairy (NH) morphs and all individuals of

Avrabis stelleri var. japonica.

Dune Ecotone Forest
PLOT - NH H ALL NH H ALL NH H ALL
I
It 2.84 2.56 1.97 1.03 _tt 1.03 1.63
o 2.06 1.19 1.69 1.03 1.03 1.31
Pttt A N.S. trx N.S. N.S5, *
Patten Htt Ag Ran Ag Ran Ran Ag
1I
I 2.22 2.02 1.81 1.16 1.95 1.65 2.44
e 1.71 1.35 1.76 1.07 1.45 1.60 2.01
P ok x * LER ] N-S LR LR RS LR
Pattern Ag Ag Ag Ran Ag Ag Ag
11
Ia 2,22 10.9 3.45 2.94 1.51 1.92 1.23 1.38
F 1.38 1.36 1.89 2.49 1.15 2.01 1.06 1.11
P * rE LEN ] LEd ] N‘S. KRR N‘S. N.s-
Pattern Ag Ag Ag Ag Ran Ag Ran Ran
v
I 1.07 1.48
F 1.03 1.19
P N.S. N.S.
Pattern Ran Ran
A%
I 2,77 6.41 2.70
F 1.45 1.66 1.65
P EL] * ok k. *hw
Pattern Ag Ag Ag

t I s=Morisita's Index

11 Data not recorded because a low sample size or no data

TH """ P <0.001; **P<0.01; *P<0.05; N.S. P>0.05
1ttt Ag=aggregated ; Ran=random patterns of spatial distribution
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FiG.1. Spatial distribution of hairy (@) and non-hairy (O} plants of Arabis stelleri var. japonica in different

zones in a sand dune area. Sample sizes in parentheses.
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TABLE 4. Comparison between hairy (H) and non-hair (NH) plants of Arabis stelleri var. japonica.

Trait Dune Ecotone
H NH H NH
(n=14) (n=15) (n=230) (n=30)
Shoot number 2.9+0.6 3.4%+0.5 2.8+0.5 2.0+0.3
Height of inflorescence(cm) 18.8x1.0 18.5£1.6 17.1+0.8 19.5+0.7
Leaf number of stalk 17.2+1.1 16.0x1.4 14.4%0.4 14.740.6
Leaf length of stalk (em) 4.74+0.3 4.940.4 2.9+0.1 3.0%+0.1
Leaf width of stalk{cm) 2.2+0.1 2.0+0.1 1.440.01 1.5%0.1
Reproductive units per shoot 69.1%8.3 79.1+16.8 43,7144 54.3+4.1
Total reproductive units 116.8£23.4 177.1+55.4 65.6+10.3 85.3+11.1
Reproductive weight per shoot (g} 0.09+0.01 0.12+0.03 0.06£0.01 0.08£0.01
Total reproductive weight (g) 0.14x0.03 0,23L£0.07 0.09+0.02 0.1140.02
Inflorescence stalk weight (g) 0.32+0.04 0.37+0.09 0.27£0.03 (.28+0.02
Total stalks weight (g) 0.60+0.15 0.91+0.31 0.37£0.06 0.40£0.05
TABLE 5. Comparison of hairy (H) and non-hairy (NH) leaves of A.
stelleri var. japonica
Traits Leaves { Pt
H NH
(n=50} (n=40)
Leaf length {(cm) 3.9+1.3 4,1+1.1 0.535 N.S.
Leaf width (cm) 1.8+0.5 2.0£1.7  1.658 NS
Hair density 1T 73.61+14.7 0.05+13.1 14.73 b

T * P <0.001; NS.P>0.05
11 values transformed to arcsin

Hairs were counted directly using a stereoscopic
microscope in two 12.56 mm?® sample areas in a
central location along the length of the upper
surface lamina Statistical tests were done follow-
ing the procedures in ZAR (1974).

Results

Frequency of hairy and non-hairy plants of A.
stelleri var. japonica differed significantly
between zones (Table 1). Plant showed different
proportion of non-hairy and hairy plants within
each zone (Table 2). In sand dune, proportions
ranged from 2: 1 to 7: 1, and always non-hairy
plants showed higher number of plants. However,
the total accumnulated data of the five dune plots
showed a 3: 1 ratio. In the intermediate zone, the
range was higher, from 1: 1 to 12: 1 with higher
density of non-hairy plants. The total accumulat-
ed value in this zone was also a 3: 1 ratio. In the
forest, few hairy plants were found resulting in a
proportion of 6: 1. These proportions do not

indicate a mode of genetic inheritance of hair
character but the relative proportions of hairy
and non-hairy plants in different habitats.

Plants showed aggregated or random patterns
of spatial distribution differing among habitats
and plots (Table 3, Fig. 1). We did not detect a
case with a uniform distribution. In the sand dune
zone, all the plants showed significantly aggregat-
ed patterns in four of the five plots reflecting the
pattern of distribution of non-hairy plants. Hairy
plants had aggregation in three plots and random
distribution in only one plot. One plot was discard-
ed because small sample size biased estimates of
distribution patterns. In the intermediate zone, all
plants had aggregated patterns in two plots. Non-
hairy plants were randomly distributed in two plots
and hairy plants in one. I discarded again one plot
because the small number of hairy plants. In the
forest, only one plot had few hairy plants and
statistical analyses were not performed. Two
plots in the forest had aggregated patterns and in
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one plot plants were randomly distributed.

Hairy and non-hairy plants did not differ in
most of the traits analyzed in both dune and
intermediate zones (Table 4). Height of the inflo-
rescence stalk was the only significant difference
between both forms of A. sfelleri in the ecotone
zone {t=2,176; P<0.05). Non-hairy plants had
larger stalks’ inflorescences than hairy plants.

Leaves differed in density of hairs but leaf
length and width did not differ statistically (Table
5). This indicates that similar leaves in size may
differ in hair density.

Discussion

Hairy and non-hairy plants of A. sfelleri var.
Japonica did not differ in most of the traits anal-
yzed. Non-hairy plants were more common in the
ecotone and sand dune zones than hairy plants
but with a great variation in their relative propor-
tions. Hairy plants also tended to be aggregated
rather than regularly distributed. The causes of
this aggregation are unknown but it is interesting
to observe that hairy plants are more abundant in
open conditions. Variation in leaf pubescence has
been observed along aridity gradients (e.g., JOHN-
SON, 1975; EHLERINGER, 1984), temporally {e.g.,
EHLERINGER and BJORKMAN, 1978) and within
individual plants (e.g., JOHNSON, 1975; CANO-
SANTANA and OYAMA, 1992).

Presence of pubescence is a common feature in
higher plants (KELSEY ef af., 1984) and its
adaptive value i{s generally thought to he related
to water economy of plants (EHLERINGER, 1982,
1984 ; EHLERINGER and BJORKMAN, 1978; RO
DRIGUEZ, 1983), photosynthesis (EHLERINGER ¢t
al., 1976) and to plant’s defense against herbivores
(LEVIN, 1973 ; JOHNSON, 1975; RODRIGUEZ,

1983 ; KELSEY et al., 1984). In the case ofA. sfel-

leri, the differences in abundance of hairy and
non-hairy plants in each habitat may suggest that
hairy forms are better surviving in open, light
exposed conditions than in the forest. In a further
study, I found that most of the dead plants of A.
steller! in open sand dunes were non-hairy plants,
However, whether or not this mortality was sta-
tistically associated to hair polymorphism was
not tested due to confounding effect of human
disturbance occurred in the locality. In open
habitats, as an immediate response, hairy plants

may kept a higher content of water in their leaves
than non-hairy plants (K. OYAMA pers. obs.).
However, other reproductive and growth traits
did not differ between hairy and non-hairy forms.
In this species also, an unidentified miner insect
has been observed on leaves of A. stelleri (K.
OYAMA, pers. obs.} although quantitative data are
not yet available to test the defensive role of
pubescence in “hamahatazac”.

Because leaf hairiness did not change after
plants were transplanted into a common garden,
it is plausible to think that the variance in leaf
pubescence has a genetic component in this
species. Therefore, this hairy forma must be
distinguish it from the common non-hairy condi-
tion as has been done in other Arabis species (e.g.,
A, flagellosa, A. gemmniferg) occurring in Japan
(OHWI, 1965).

In conclusion, hair polymorphism in A. stelleri
var. japonica is reported for the first time. Two
types of plants can be distinguished by the pres-
ence of leaf hairs. Both types are located in sand
dune and adjacent habitats although in different
densities and patterns of distribution. Hairy
plants tend to he aggregated in open habitats.
Reproductive and size traits did not differ
between hairy and non-hairy plants although
man-made disturbance limited and confounded
the ontogenetic and/or temporal patterns of vari-
ation in this species in its natural habitats.
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