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Kazuhito MATSUO * : Ecological Distribution and Niche Separation
in Two Closely Related Ruderal Plantain Species,
Plantago asiatica and P. major

FRESIA L NEEM 258, A/ sakxA 3wtttz
DERGHE = v F D& :
Abstract

Plantage asiatica and P. major are very similar in microhabitat preference (both inhabiting
parking sites, gardens, lawns, and roadsides), but they exhibit rather conspicuous habitat segregation.
With the exception of small overlapping zones in urban areas, P. asiatica is predominant in rural

areas, while P. major monopolizes urban areas.

Association analysis in an overlapping zone,

however, suggested that they do not directly compete with each other by mutual shading or
allelopathy. A preliminary study on the environmental factors indicated that 2. major tends to
become predominant in sparse and short plant communities that develop on bare ground, while P.

asiatica is a member of more closed communities,

Key Words: Competition—Habitat preference—Introduced species— Planiago

Plantago major, a weed of European origin,
has been spread all over the world, probably
through global trade, and now is well known as a
cosmopolitan species, even in Asia which is
dominated by another native ruderal species, P,
asiatica. P. major 15 expanding its distribution
especially in dairy regions and urban areas
(SAGER and HARPER. 1975). In Japan, too, the
occurrence of this species has been confirmed in
Sapporo, Hokkaido (FUIIWARA, 1957), Yoko-
hama and Fujisawa, Kanagawa Prefecture (ASAl,
after OSADA, 1976) and Tokyo {(QSADA, 1976).
Nevertheless, this species has been considered
minor compared with the native ruderal plantain
species, P. asiafica, which is expanding its distri-
bution range even into subalpine zones ca. 2500m
in altitude after extensive human disturbance {e.
g. road construction) in central Honshu (KAWANO
and MATSUO, 1983).

However, in Sapporo and its vicinity, the
populations of P. major are expanding as rapidly
as and, in some sites, even faster than P, gsiatica
(ITO, 1984). As part of the comparative ecological
studies on Japanese Planfage species, I hereby
report on the ecological distribution and niche
partitioning of these two species in Sapporo and

its vicinity.

Methods

Surveys were conducted in the seed-maturing
season (late August to early November) each year
from 1984 to 1987, since P. major and P. asiatica
can easily be identified by the morphological
difference in their seeds (Matsuo, 1989).
Macro-distribution

At each of 143 sites haphazardly chosen in
Sapporo and its vicinity, about 30 Plantago
individuals were collected. In addition, the same
sampling method was used for the survey at 31
sites situated along a ca. 20km long road through
Mt. Teine, along which the degree of human
impact gradually increases from natural woodlan-
ds to urban communities, forming a gradient.
Miero-distribution

In single-species populations of P. asiatica
{Nopporo Forest Park) and P. major (Hokkaido
University), a 50-cm-wide belt-transect was estab-
lished across a weedy path. In each belt a
vegetation survey was made, and, at 50cm inter-
vals, soil hardness was measured by a Yamanaka
System Hardness Tester DIK-610 Type. At
another site where these two species coexist, the
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Fig. 1. Distribution of P. major and P. asiatica surveyed at 135 stands in Sappoero and its vicinity.

mapping of seeded Plantage plants was under-
taken within a 4mX4m quadrat to analyze the
association of these two species by using the
following methods of KERSHAW (1960) :

When the quadrat is divided into N grids, and
species A and B are not independent of each
other,

Var.(A+B)=Var. A+Var.B+2Cov.AB
or Vars=Va+Ve+2Cas

CAB:(VI\*B-VA—VB)/Q.

Now correlation coefficient r=yCas/ VaVs
e, 1=(Vas—Va—Vs)/2/VaVe
Its significance can be tested by /-test :
t=vr’(N—2)/(1—r?), with N—2 degrees

of freedom.
Environmental factors

As a preliminary study on the elements
controlling the separate distribution of the two
species, the following factors were measured at
103 1mX>1m quadrats randomly chosen in
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Tablel. Association analysis of F. major
and P. asiatica by the covariance method of
KERSHAW (1960). A 4mXx4m quadrat was
set up at stand 19 (Fig. 2) where the two
species were coexisting.

Grid size
(0.25m)? (0.5m)? {1.00m)* {2.00m)?
No. of grids 256 64 16 4
Variance of
P, gsiatica 0.59 4.43 206.2 90
P. major 1.95 12.52 28.73  308.3
Covariance 0.14 1.94 —56.12 —15%
t 2.05 2.12 3.99 4.53

p<0.05 p<0.05 p<0.00l p<0.05

Sapporo and its vicinity: plant coverage and
vegetation height (VH), i. e, the mean height of
dominant plant species; relative light intensity
{RLI), using a Topcon Illuminance Meter IM-3:
and soil hardness (SH).

Results

Macro-distribution

Of 143 sites examined, 62 were dominated by
P. major, 26 by P. asialica and 55 shared by these
two plantain species. As shown in Fig. 1, the
urban areas and farmlands were predominantly
covered by FP. major, while the open spaces of
woodlands were monopolized by P. asiatica, both
species inhabiting roadsides, parking sites,
gardens, turf, and other open spots. The stands
shared by these two species were mainly on the
border between woodlands and housing lots. This
pattern of distribution was also observed along
the 20-km road (Fig. 2), P. major predominantly
growing in more developed areas and P. asiatica
predominating in woodland areas. Such recre-
ation facilities as ski grounds, amusement parks
and some relay stations has been constructed in
the woodland areas of Mt. Teine (Stands 9 to 12) ;
however, P. major constituted 22 to 67% of the
Plantago populations there. These facilities were
located ca. 1000m above sea level, indicating that
neither low temperature nor snowfall prevents the
expansion of this introduced species,
Micro-distribution

Figure 3 shows the results of a belt-transect
survey in the single-species populations of P
major and P. asiatica which were accompanied by
typical openland weeds such as Poa annua,

Table2. Environmental conditions at 103
lmX1lm stands. Mean+5D  and, in
parentheses, numbers of stands concerned
are given.

Stands inhabited by

Environmental F, esiatica both species P major
factors

Coverage (%) 75.1%27.1 88.8x17.6 45.8429.8

(24} (34} (39)
Vegetation 17.4+10.2 10.7+6.2 5.4+7.5
height {cm) (24) (34) (39)
Relative light 57.1+26.0 72.3%£14.4 78.6+10.3
intensity (%) (24) (34) (39
Soil hardness  10.9*18.8 12.2+5.0 21.4+31.6
(kg/cm?) (21 (27 (39

Taraxacum offictnale, Trifolium repens, etc. Both
Plantago species were confined to the central
parts of the paths, due to intensive competition
with tall and dense populations of Daciviis
glomerata, Festuca elatior and Artemisia montana,
Soil hardness ranged from 2 to 86kg/cm?® on the
path, and Plantage species were more dominant
on moderately hard grounds of SH=12-36kg/cm?,
Table 1 gives the association of the two Plantage
species cohabiting within a 4mX4m quadrat
chosen at Site 19 in Fig, 2. A total of 76 P. astatica
and 275 P. major seeded plants grew here, When
this quadrat was divided into small grids of (0.
25m)? or (0.50m)%, they showed a positive associ-
ation which was statistically significant.
However, in the case of large grids of (Im)® or
(2m)?, the association was significantly negative.
Thus, there seems to be no or little direct
competition between these two Plantago species
growing side by side, but some factors unknown
at present are weakly controlling them to be
distributed separately.
Environmental factors

The environmental conditions at 103 sites are
summarized in Table 2. P. major is evidently a
species of sparser and shorter plant communities
developed on harder ground than P asiatica,
which prefers relatively closed communities. The
stands shared by those two species showed inter-
mediate values of VH, RLI and SH. Although the
coverage was the highest in the coexisting stands,
the value (88.8+17.69%) was significantly higher
than that in P. asiafica stands (75.1+£27.19) (¢ =2.
1716, p<0.05).
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Urban areas

Percentage of forest cover per 160mX160m (ca. 2.6ha) around the sampling stand and its

neighberhood, (A); in an area covered with buildings, (B), Occurrence frequency of two Planfego species

(P. asiatica ; open bars, P wmiafor: filled bars) along a road passing through Mt Teine (C).

About 30

Piantago individuals were collected at each stand. Figures in Fig, 2.D show the stand numbers; (thick lines,
thin lines and dashed lines indicate more than 3.5m road width, 2.5-5.56m road width and less than 2.5m road

width, respectively.

Discussion
The segregated distribution of P, major from
its related native species P. rugelii was observed
in Canada (HAWTHORN, 1974). HAWTHOCRN and
CAVERS (1978, 1982) revealed that more resources
are allocated to reproductive organs such as

scapes, flowers, capsules and seeds in P. major,
but to the root system in P. rugelii, suggesting
that P. major is more competitive in urban areas,
because seed recruitment rate is critical for
population recovery when habitats are frequently

disturbed by human activities. In P. major of
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Fig.3. Micro-distribution of P. migjor (A) and P. asiafica (B) in single-species populations, with main
cohabitants. In each population, a 50cm wide belt was set up across a weedy path.

England, a form with erect leaves is more
competitive in wild grasslands than another form
with prostrate leaves that usually dominates
gardens and lawns (WARWICK, 1980). However,
P. major and P. asiatice do not show sharply

segregated distribution when they coexist within
a small microsite. This fact suggests that
segregated distribution of these two species may
not be due to direct competition through shading
or allelopathy but be due to more complicated
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mechanisms, probably including the seed recruit-
ment rate and tolerance to various other environ-
mental factors.

In addition to Planiago species here reported,
somewhat similar cases of habitat segregation
between closely related plant species have been
known in Taraxacum (T. officinale and native
species such as 7. japonicum, T. platycarpum and
T. hondoense : NAITO, 197Y5; HOTTA, 1978:
SAWADA ef al., 1982 OGAWA and MOTOTAN],
1985) and Artemisia (A. rubripes and A. montana .
NAKAYAMA, 1985) in Japan. In particular, T.
officinale has rapidly been expanding its range all
over Japan, taking over all possible habitats
(HOTTA, 1978). SAWADA (1982) demonstrated
that T. officinale extends its leaves more quickly
than related natives species, suggesting that 7.
officinale is more competitive because it shades
the natives. However, according to OGAWA and
MOTOTANI (1985), such direct competition is
unlikely, and T. officinale outcompetes when they
coexist with related natives. The mechanisms by
which the introduced plant species frequently can
dominate the related natives could be clarified by
more detailed comprehensive studies on the
physiological and ecological aspects of these
species.

I thank Prof. Koji ITO for his comments on
ruderal vegetation, and Drs. Hiromi FUKUDA and
Masahiro HARUKI for their encouragement throu-
ghout the present study. Cordial thanks are also
due to Dr. Seigo HIGASHI and Prof. Shoichi
KAWANO for critical reading of the manuscript
and valuable suggestions on the ecology of
Planlago species.
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ALIRTT & # DIEFIC BV TA 4292 (Planfago
asiatica L.) BEHE 4 374492 (P major
L.) BB & 0L FHRE O 217 -
Tro MEAE HFMETT O FIFEBICHHT2HAE
FIEETR & LB B ORR TR v/ v
A oS I EEREOE S S Aot R R T
B SFETAEMER SRS, —7F, HHEAD
LEERAUEA 2 IR e AREIT N, R T oA A
IOBARFEFC L, A sanFRics
FHoEFL T, MBLELAXA /IS,
LAIWFUER, yaY A YHELH
AHE & B AT T 508, AL 3 A Fa
EEUHEAMEEE N S, BESLECE
EMRSHE, i, #0LD RHENERIN
REFMONREIRFTH L, #hLHL, &
ANTRHELFEHL DS CHEHENAY

BAL, ¥4 2wadnantEFTEsaswid R
KBET T ERHEEBRT 2 oS RS, H
HHh r FMtET BEFTH, WREORKEENS
{ABNRDL, 205 ERETTROEERLES &
NBHXIAmXdm DFERE * 8iE L Associ-
ation analysis (KERSHAW, 1960)% 1T 7 #E#,
LR NG AT A X TIEATT A EWEOW
iz, LIFLIEBEL TETT22euHD, £
EAMOEELHBCERET2 2 LR TEL L
B, BU A XERELTRCLEN2TINEW
gL - R EBTHIC OB L TAFT T 2RE
DBEEEC RS TT 5, MECz L&D, 432
A @i d o a0EEAOERENRT VoY
v —eliS FOEBNSHEER LD, L3
EFHOMBEERIC L > THEZ A TwS
AHild,
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