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Abstract Seeds of the maritime species Chrysanthemum pacificum were sown on bare ground
some distance from shore to determine what factors prevent it from becoming established in
inland areas. The sown area was divided into two plots. All emerging plants except C.
pacificum were frequently removed from one of the plots (weeded plot), whereas the second plot
was not manipulated (control plot). Although seed germination began simultaneously in the
two plots, C. pacificum seedlings in the control plot were gradually covered by inland annuals
and perennials that emerged naturally from buried seeds. Subsequent observations of the
growth and survival of C. pacificum seedlings over three years revealed a marked difference
between the two plots. Seedlings in the weeded plot grew well, sprouted new shoots, and
flowered, and the number of surviving shoots increased over time. In contrast, seedling growth
in the control plot was substantially lower than in the weeded plot. The number of surviving
shoots decreased gradually, and only 10% of those observed in the first year survived to the end
of the third year. These results indicate that although C. pacificum has the potential to grow
and reproduce away from the seashore, it is unable to become established in the presence of
naturally emerging inland plants. This inferior competitive ability could be one factor that
makes it difficult for C. pacificum to become established in inland areas.

Key words: Chrysanthemum pacificum, competition, growth, habitat segregation, inland, mari-

time plants, seedling, survival.

Chrysanthemum pacificum Nakai is a typi-
cal maritime perennial that is distributed
along the Japanese coast from the Boso pe-
ninsula, Chiba, to the Omae promontory, Shi-
zuoka. On the Boso peninsula, this species
forms dense tussocks <1 m high that spread
over cliffs and slopes facing the sea. Its high
tolerance to salt spray is one of the main
factors that enable C. pacificum to become
established in these exposed habitats (Yura,
1997). Vegetation on coastal cliffs is sparse
and composed mainly of short perennials
such as Farfugium japonicum (L.) Kitam., Peu-
cedanum japonicum Thunb., and Boehmeria
biloba Wedd.; C. pacificum is one of the most
frequently occurring species.

Similar to other maritime plants, the distri-
bution of C. pacificum is strictly limited to the
seashore, and, with few exceptions, this spe-
cies is not found in inland areas even in the
vicinity of the sea. Although C. pacificum
seeds have no special means for broad disper-

sal, they may occasionally be dispersed to
inland areas, where they could potentially
germinate. C. pacificum also has rhizomes
that contribute to the growth of the tussocks
over time. The complete absence of C. pacifi-
cum from inland areas suggests that some
factor(s) regularly prevent this species from
becoming established at sites even a short
distance from shore.

Seashore environments have been in-
tensively investigated, and many character-
istic factors that are harmful to inland plants
have been described, including salt spray
(Oosting, 1942; Boyce, 1954; Wagner, 1964;
Parsons and Gill, 1968; Barbour, 1978; Car-
tica and Quinn, 1980; Sykes and Wilson,
1988; Yura, 1997), high soil salinity (Craw-
ford, 1989; Ishikawa et al., 1995; Packham
and Willis, 1997), soil nutrient deficiencies
(Kachi and Hirose, 1979; Pakeman and Lee,
1991a; Pakeman and Lee, 1991b), and fre-
quent erosion or deposition of substrate
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(Marshall, 1965; van der Valk, 1974; Avis and
Lubke, 1985; Moreno-Casasola, 1986). In con-
trast, only a few studies have investigated
the growth or survival of maritime species
under inland conditions. Goldsmith (1973)
conducted a competition experiment with
the maritime species Armeria maritima and
the inland species Festuca rubura and found
that although the yield of A. maritima under
non-saline conditions was higher than under
saline conditions, F. rubra had a stronger
competitive advantage over A. maritima
under non-saline conditions. Okusanya (1979)
compared the relative growth rates of some
maritime cliff species to those of inland spe-
cies, and showed that although maritime spe-
cies did not require saline conditions to grow,
the growth rates of inland species were
higher than those of most maritime species
under non-saline conditions.

Like most other maritime species, C. pacifi-
cum can easily be cultivated outdoors in pots
of inland soil far away from the shore. There-
fore, it may be assumed that the absence of
naturally growing C. pacificum in inland
areas is caused by its inferior competitive
ability compared to inland plants. To verify
the competitive disadvantage of C. pacificum
seedlings, I conducted an outdoor experi-
ment at an inland site where the abiological
environment was considered suitable for the
survival and growth of C. pacificum. The
survival and growth rate of seedlings grown
in a pure stand were compared to seedlings
competing with naturally emerging inland
plants. After C. pacificum seeds were sown
on bare ground, the site was divided into two
plots; in one plot, all emerging plants except
C. pacificum were removed frequently, whe-
reas the second plot was left unweeded. I
then compared the growth and the number
of shoots on C. pacificum seedlings in the
weeded vs. the unweeded plots.

Materials and Methods

On 24 February 1996, C. pacificum seeds
were sown on bare ground (40 m?) in 32 qua-
drats (25X 25 cm) in the experimental field of
Ecology Park (35°35' N, 140°8'E), a study
area belonging to the Natural History
Museum and Institute, Chiba, Chiba-shi,
Japan. Quadrats were arranged in a grid at

intervals of at least 0.5 m. Seeds were collect-
ed in January 1996 from a maritime cliff in
Misaki-machi, Chiba Prefecture, Japan, and
enough seeds were sown to yield ~150 seed-
lings per quadrat.

The study site was originally covered by
perennials such as Solidago altissima L., Ar-
temisia princeps Pamp., and Miscanthus sinen-
sis Anderss, and was weeded and tilled at the
end of November 1995. Rhizomes and roots
of these existing plants were removed from
the soil as thoroughly as possible. The sub-
strate of the area, including the experimental
field, was andosolic, i.e., the soil was dark and
contained material rich in volcanic ash and
organic matter. The altitude of Ecology Park
was 18 m a.s.l, and the nearest ocean was ~4
km to the west. No maritime plants, includ-
ing C. pacificum, were found among the
weeds and grasses growing naturally in or
around the park.

After sowing, the study site was divided
into two equal plots adjacent to each other
with 16 quadrats per plot. In March, when
the C. pacificum seeds began to germinate,
many seedlings of other species also emerged
from buried seeds. In late March, all seed-
lings of these other species, whether they had
emerged inside or outside of the quadrats,
were removed from one of the plots (weeded
plot), whereas nothing was removed from the
other (control) plot. Seedlings were removed
frequently from the weeded plot through to
the end of the study.

Surviving C. pacificum seedlings were
counted regularly in the same six quadrats in
each plot. The number of shoots on C. pacifi-
cum seedlings in each quadrat was counted
every other week. When new aboveground
shoots sprouted from the base of the seed-
lings, these shoots were counted as separate
shoots, whether they emerged inside or out-
side the quadrats. The remaining ten quad-
rats in each plot were left for harvesting C.
bacificum seedlings.

On 13 April, 14 June, 7 August, and 31
October, ten seedlings were harvested ran-
domly from one quadrat in each plot to mon-
itor the growth of C. pacificum. The quadrats
from which seedlings were taken were ex-
cluded from the next harvest. Each harvest-
ed seedling was divided into stems, leaves,
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Fig. 1. Seasonal changes in the number of surviving Chrysanthemum pacificum shoots in a plot from
which all other species were removed (weeded plot; open circles and squares) and in a plot that was
left unweeded (control plot; closed circles). Values are mean®s.d. of six quadrats established in the
control plot and six quadrats (February 1996-May 1997) and three quadrats (May 1997-November
1998) in the weeded plot. All quadrats had an area of 26X25cm. C. pacificum seeds were sown on

24 February 1996.

and other parts (e.g., flowers). Because it was
not possible to excavate whole roots, they
were excluded from the measurements.
After the lengths of all stems had been mea-
sured, they were dried at 70°C for >48 h, and
dry weights were determined. Stem lengths
of the seedlings were calculated by adding
the length of every stem obtained from each
seedling.

1 continued counting C. pacificum shoots
over the next two years. In the weeded plots,
the average number of shoots in the six quad-
rats increased and remained at >100 during
the winter of 1996; therefore, three quadrats
were selected from the original six quadrats
and used for counting seedlings after May
1997.

On 23 October 1998, the day of the last
count, the height of the tallest shoot in each
quadrat was measured. Because C. pacificum
plants in the control plot had abnormally
elongated stems, the aboveground parts of all
plants in the control plot were harvested on 4
November 1998. Harvested plants were di-
vided into stems and leaves. After the stem
lengths had been measured, the leaves and
stems were dried at 70°C to determine their
dry weight. C. pacificum in the weeded plots
were not harvested, because the numerous
entangled shoots and rhizomes made it im-
possible to harvest the plants intact.

Results

Differences in the number of shoots in the
two plots

In both plots, C. pacificum seeds began to
germinate in March. Although the number
of seedlings increased abruptly, it soon stabi-
lized at about 50 seedlings per quadrat in
both plots (Fig.1). The number of surviving
seedlings did not show marked increases or
decreases until the end of June.

Differences between the two plots became
evident beginning in autumn of the first
year. In the weeded plot, new shoots started
to grow from the base of the seedlings. The
number of new shoots increased rapidly until
the total number of shoots reached almost
150 per quadrat, indicating that on average
nearly two new shoots sprouted from each
seedling. Simultaneous with the extension of
new shoots, inflorescences began to appear at
the terminus of main shoots. Flowering was
observed in all quadrats in the weeded plot,
and many seeds were subsequently fertilized
and dispersed naturally.

With the development of new shoots in the
weeded plot, the main shoots became senes-
cent and died during the following spring
(1997). The number of surviving shoots de-
creased to about 100 per quadrat, which was
twice as many as in the previous summer. As
mentioned above, the number of quadrats in
which seedlings were counted was reduced
to three in April 1997. The number of shoots
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in these three quadrats did not show consid-
erable changes throughout the summer. New
shoots sprouted from the base of extending
shoots early in autumn, and increased as rap-
idly asin the first year (1996). Flowering was
also observed in all quadrats. Extended
shoots, whether they bore inflorescences or
not, began to die in winter. Although some
new, short shoots also died, probably due to
intraspecific competition, 150 shoots remain-
ed in the summer of the third year (1998).
Sprouting of new shoots and flowering were
observed in the autumn of 1998. The maxi-
mum height of shoots in the three quadrats
on 23 October 1998 was 38.5, 29.5, and 41.8
cm.

In contrast to the weeded plot, only a few
new shoots grew from the base of C. pacifi-
cum seedlings in the autumn of the first year
(1996) in the control plot. Therefore, the
mean number of C. pacificum shoots in-
creased only slightly by the end of the first
year. All quadrats in the control plot gradu-
ally became dominated by other species, such
as Ambrosia artemisiifolia L. var. elatior Desc.,
Artemisia princeps Pamp., Oenothera biennis
L., and Setaria faberi Herrm., which were
common weeds around the study area. Nu-
merous seedlings of other species emerged
from buried seeds, and most of them grew
taller than C. pacificum seedlings; thus, C.
bacificum became more shaded with in-
creased growth of other species. The maxi-
mum height of C. pacificum seedlings in July
of the first year (1996) was ~5 cm, while A.
artemisiifolia var. elatior and A. princes mea-
sured 41 and 85 cm, respectively. In Septem-
ber, the maximum height of C. pacificum seed-
lings was 8 cm, whereas A. princeps, S. faberi,
and Trifolium pretense L. were 136, 50, and 27
cm tall.

The number of surviving C. pacificum
shoots in the control plots decreased in the
second year (1997). In contrast to the previ-
ous year, C. pacificum plants were already
densely covered by other species such as A.
princeps, Lolium multiflorum Lam., Erigeron
annuus L. and 7. pretense in the spring. Al-
though a number of C. pacificum plants surviv-
ed the first half of the second year, the
growth form of these individuals differed
from that of seedlings in the weeded plot. All

C. pacificum plants had slender and unusual-
ly elongated stems with leaves attached only
around the terminus. Some plants were
unable to remain upright and collapsed; all of
their leaves withered and dropped, and these
plants were considered dead. Although a few
new shoots sprouted from the base of old
shoots in the autumn, the total number of
shoots in the control plot decreased by 77%
during the second year (1997).

The reduction of C. pacificum plants in the
control plot continued during the third year
(1998). The dominant species covering C.
pacificum plants were A. princeps, Miscanthus
sinensis Anderss., Solidago altissima L., E.
annuus and Amphicarpaea edgeworthii Benth.
var. japonica Oliver, which were similar to
those from the previous year (1997). As most
stems of surviving C. pacificum shoots were
not strong enough to support themselves,
they tended to fall or lean on other plants.
The maximum height of C. pacificum shoots
in each of the six quadrats on 23 October
1998 was 29.3, 19.5, 14.6, 25.5, 19.6, and 15.9
cm, whereas the maximum stem length was
53.0, 37.5, 48.1, 48.2, 50.7, and 17.6 cm, re-
spectively, indicating that most shoots had
leaning or twisted stems. The number of
surviving C. pacificum shoots at the end of
the study (November 1998) was 10.2% of the
maximum number recorded in the winter of
the first year (1996-1997).

Comparison of the growth of C. pacificum

between the two plots

The growth rate of C. pacificum seedlings
in the weeded plot was much higher than in
the control plot (Fig. 2). Differences in dry
weights of the aboveground parts of the seed-
lings were already significant (P<0.01, Man-
n-Whitney U-test) at the second harvest in
June. At the fourth harvest in October, the
average dry weight in the weeded plot was
73 times larger than in the control plot. Dif-
ferences in the average dry weight of leaves
and stems and in stem length were also large
between the two plots in October 1996 (Table
1). At the last harvest on 4 November 1998,
a total of 35 C. pacificum plants survived in
six quadrats of the control plot. The average
dry weight of the aboveground parts of these
plants was 178.9 g (standard error=27.2),
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Fig. 2. Seasonal changes in the dry weight
of the aboveground parts (whole plant minus
roots) of Chrysanthemum pacificum seedlings
in a plot from which all other species were
removed (weeded plot; open circles) and in a
plot that was left unweeded (control plot;
closed circles). Aboveground parts of all C.
pacificum plants surviving in the control plot
in November 1998 were also harvested
(closed square). Values are meants.d. of ten
plants in 1996 and 35 in 1998.

which was less than that of the seedlings
harvested from the weeded plot in October
1996.

A weak correlation (r=0.69) was observed
between stem dry weight and stem length
obtained from the seedlings harvested from
the weeded plots in June, August, and Octo-
ber 1996, when they were plotted on a double
logarithmic plot (Fig. 3). A stronger correla-
tion (r=0.86) between the two measurements
was observed for plants harvested from the
control plot in 1998. Although the slopes of
the two regression lines were almost equiva-
lent, the line for the control plants was
higher than that of the seedlings from the
weeded plot, indicating that plants in the
control plot had longer stems than seedlings
of the same stem dry weight in the weeded
plot. The relationship between these two
measurements obtained from seedlings har-
vested from the control plot in June and
August 1996 was similar to the weeded plot.
However, seedlings harvested in October
1996 had the relationship closer to plants
harvested from the control plot in 1998.

Leaf dry weight was higher than stem dry
weight for all but one seedling harvested
from the weeded plot in 1996, while leaf dry
weight was lower for all but one plant har-
vested from the control plot in 1998 (Fig. 4).
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Fig. 3. Log-log (base 10) plot of stem dry
weight against stem length of
Chrysanthemum  pacificum  seedlings and
plants harvested on 14 June (squares), 7
August (circles), and 31 October (triangles)
1996 from a plot in which all other species
were .removed (weeded plot; open squares,
circles, and triangles) and a plot that was left
unweeded (control plot; closed squares,
circles, and triangles). Crosses represent
plants that were harvested from the control
plot on 4 November 1998. Solid diagonal
lines are the regression lines obtained from
all seedlings and plants harvested from the
weeded plot (all open figures) and from the
control plot on 4 November 1998 (crosses).

The average ratio of leaf dry weight to stem
dry weight of seedlings in the weeded plot
(average*s.d.=3.6%+2.0) was significantly
higher (P<0.001, Mann-Whitney U-test) than
that of the control plot (average*s.d.=0.23%
0.23). Significant correlations between stem
dry weight and leaf dry weight were also
observed for plants harvested from both the
weeded plot (=0.95) and the control plot in
1998 (r=0.76). The points obtained from
seedlings harvested from the control plots in
1996 had a tendency to shift over time from
the regression line of the weeded plot to that
of the control plot.

Discussion

The environment and natural vegetation
of the study area were typical of an inland
site. The intensity of salt spray and the
sodium content of soil water in the study
area were far lower than those of the sea-
shore where C. pacificum grows naturally
(Yura, 1997). In this inland site, C. pacificum
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Table 1. Leaf dry weights, stem dry weights, and stem lengths of Chrysanthemum pacificum
seedlings in weeded (W) and control (C) plots (means=*s.d.).

Leaf dry weight (mg)

Stem dry weight (mg)

Stem length (cm)®

Harvesting date No.?
w C w C w C
13 Apr 1996 10 1.01+042 0.90%+0.28 0.20£0.07 0.21+0.10 0.56+0.13 0.57%0.17
14 Jun 1996 10 142+124 269+131 251%£219 0.75£034 1.65%0.71 0.91+0.24
7 Aug 1996 10 230+245 6.59+348 64.9%+59.9 3.30*+1.92 11.8+106 1.87%0.71
31 Oct 1996 10 6831753 846+6.46 428+576 845+4.75 41.9+288 594+233
4 Nov 1998 35 32.5+364 146130 29.7£12.0
# Number of seedlings harvested from each plot.
b Total length of all stems obtained from one seedling.
was able to germinate, grow, reproduce veg- 10f d " T T
etatively, and even set seed when other spe-
cies were removed from the surrounding 1000 £ 4
area (Fig.1, 2). Similar to studies by Gold- g
smith (1973) and Okusanya (1979), the re- ‘E“ 100 L
sults of this study demonstrated the inherent 2
ability of the maritime plant C. pacificum to ; w0l
grow and reproduce in an area away from 'Z
the seashore. Physical characteristics of the 2
seashore, such as salt spray, are not obligato- Ty 3
ry environmental factors for C. pacificum to
become established. 0.1 L . . . . ,
0.1 1 10 100 1000 10

The main factor that prevented C. pacifi-
cum from becoming established in the inland
site was competition by other species. Be-
cause seeds were initially sown on bare
ground the competitive effect was minimal
at the beginning of the study, even in the
control plot. However, many seedlings of pio-
neer species that were common in the dis-
turbed inland organic soil emerged and out-
grew the C. pacificum seedlings that had ger-
minated at the same time. When other spe-
cies surrounding C. pacificum seedlings were
not removed, the growth of C. pacificum was
suppressed as early as June of the first year
(1996), and only a few new sprouts were ob-
served in autumn (Fig. 1, 2). The number of
surviving shoots decreased after the second
year (1997). The disadvantages of C. pacifi-
cum in competition with inland species may
considerably reduce the probability of C. pa-
cificum expanding its distribution from the
shore to inland areas.

In addition to differences in seedling sur-
vival and growth rates, differences in plant
growth form were also observed between the
two plots (Fig. 3, 4). C. pacificum plants that
had survived competition for three years in

Leaf dry weight (mg)

Fig. 4. Log-log (base 10) plot of leaf dry
weight against stem dry weight of
Chrysanthemum  pacificum  seedlings and
plants harvested on 14 June (squares), 7
August (circles), and 31 October (triangles)
1996 from a plot in which all other species
were removed (weeded plot; open squares,
circles, and triangles) and a plot that was left
unweeded (control plot; closed squares,
circles, and triangles). Crosses represent
plants that were harvested from the control
plot on 4 November 1998. Solid diagonal
lines are the regression lines obtained from
all seedlings and plants harvested from the
weeded plot (all open figures) and from the
control plot on 4 November 1998 (crosses). A
dotted diagonal line depicts the isometric
relation between the two variables.

the control plot had an average dry weight
comparable to that of the first year plants in
the weeded plot, but they showed unusual
growth forms (Table 1). Plants that had been
competing with other species had a lower
leaf dry weight and longer stem length than
those in the weeded plot. Stem elongation is
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one of the typical responses that sun plants
show under shaded conditions. Hiroi and
Monsi (1963) found that shading caused a
decrease in the allocation of dry matter to the
leaves of Helianthus annuus. In response to
shade cast by other plants, C. pacificum
seemed to elongate its stems both by allocat-
ing more dry matter to them and by decreas-
ing their linear density, i.e., the ratio of stem
dry weight to stem length. However, because
the competing species grew too tall, exces-
sive stem elongation by C. pacificum resulted
in shoots that leaned or collapsed without
outgrowing the other plants. Considering
the responses that competing C. pacificum
showed in this experiment, it may be as-
sumed that the main factors causing retarded
growth and death of seedlings in the control
plot were insufficient light intensity and the
excessive growth responses of C. pacificum.

Although physical characteristics of the
seashore are not obligatory environmental
factors for C. pacificum to grow and repro-
duce, these factors, particularly salt spray,
play an indispensable role in its habitat.
Since most inland plants are susceptible to
salt spray (Moss, 1940; Oosting, 1945;
Numata et al., 1948), they cannot invade and
become established around the seashore.
Even when seeds of the vigorous inland weed
Solidago altissima were artificially sown and
germinated on a slope directly facing the sea,
they were completely eliminated within a
year due to frequent exposure to salt spray
(Yura, 1997). Sea water functions as a kind of
herbicide that selectively eliminates inland
plants along the shore. Consequently, mari-
time species such as C. pacificum, which toler-
ate salt spray, can establish themselves with-
out competing against inland plants. Al-
though salt spray is physiologically unneces-
sary for C. pacificum to grow and reproduce,
it is indirectly, or ecologically, necessary for
survival and establishment in its original
habitat, the seashore.
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