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ABSTRACT

Changes of annual seed production related to climate change were studied for 12 years in
Piagol, a riparian valley in Mt. Jiri. Sixty-four seed traps (sized 0.5 X 0.5 m2) were set up on the
forest floor of surveyed arca. Seeds were collected from these traps al an interval of 15 days from
September to November since 1984. Vegetation of the study area was mainly consisted of the nat-
urally regenerated Carpinus tschonoskii in the tree layer. Acer mono, Quercus serrata, Carpinus
laxiflora and Symplocos chinensis also appeared in the same layer. Maximum production occurred
in 1984 and 1994. As a result of comparing seed production with local climate factors for 12 years,
seed productivity and the year of maximum production of Carpinus forest were merely related with
precipitation, air temperature and duration of sunshine among local climate factors. Duration of
sunshine was, however, not contributed to periodically high productivity of seed of riparian valley
Carpinus forest.

Key words . Air temperature, Carpinus tschonoskii forest, Climate change, Mt. Jiri, Precipitation,
Riparian valley.

regimes al the community and landscape

INTRODUCTION

The long-term climate effect is one of the disturb-
ance factors on the spatio-temporal vegetation process
and physiological control mechanism in natural ecosy-
stems (Etherington 1982). Local climate changes also
influence on vegetation change of successional forests
with different regeneration strategies and disturbance

(Stoutjesdijk and Barkman 1992). Consequently, cli-
mate may be considered as one of the controlling
agents on tree physiology, especially in the unstable
successional stage and ecosystem such as riparian val-
ley forest (Crawford 1989).

In general, productivity of seeds is dependent upon
the biological conditions such as tree physiology, flo-
wering, pollination efficiency and insect damage and
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on the environmental conditions such as soil, light
and climate (Grime 1979, Silvertown 1987, Watanabe
1994).

Carpinus forest often appears in the stream-sides in
the riparian landscape or rocky valley of mountains.
Therefore, this community is commonly consisted
with some shade-lolerant specics such as Acer and
with some Quercus species. These species, conse-
quently, have an ecological role as successional occu-
pation species in a stable and conservative ecosystem
like climax forest (Shibata and Nakashizuka 1995,
Tanaka 1995, Park 1997). Considering that most part
of Piagol had been interfered by human activities for
a long time, vegetation in this valley might have been
subjected to human disturbance.

According o some phytosociological studies (Jang
and Yim 1985, Kim and Yim 1986), Carpinus forest
appeares at the mid- to late successional stages on
the cool temperate deciduous forest zone in Korea.
Productions of seed and flower are very susceptible
to habitat characteristics such as site factor and cli-
mate condition (Harper 1977, Silvertown 1987). Tt is
therefore often difficult to measure the correct and
continuous productivity of seeds and efficiency of
seeding. Seed and seedling traits characterize some re-
generation strategies of plant species in a special site
(Grime 1979, Silvertown 1987, Hong and Nakagoshi
1998). Estimation of annual seed production is a
necessary procedure to understand the whole infor-
mation about pollination efficiency in the population
level, and on forest regeneration and vegetation suc-
cession al the community level (Harper 1977, Rim e
al. 1991, Shibata et al. 1998).

This study was carried out to determine the fluctu-
ation of total seed production of Carpinus forest re-
lated to local climate change for 12 years and to es-
timate the indirect pollination efficiency of Carpinus
dominated forest by comparing the annual masting
fluctuation at the community level in local climatic
stress.
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STUDY AREA AND METHODS

Study area

This study was carried out in Piagol (Long. 127°
357, Lat. 35°15710% Alt. 650 m asl.), a valley located
geographically at southern part of Mt. Jiri in sou-
thern Korea, syngeographically cool temperale sou-
thern-submontane zone (Kim 1994). Tall trees of two
Carpinus (C. laxiflora and C. tschonoskii), Quercus
serrata, and Acer mono are distributed along the
stream sides (Jang and Yim 1985). Carpinus forest is
the characteristic vegetation of moist area in the
stream-sides in the temperale zone in Korea and
Japan (Shibata and Nakashizuka 1995, Park 1997,
Shibata er al. 1998). It appears at the mid- to late
successional stages in the warm and moist regions in
southern Korea. These forests are, however, very sus-
ceptible to human interference because the forest con-
tain major lrails. According to Yim and Kim (1992),
soil of this area is originated from granitic gneiss.

Seed trap and seed harvest

Sixty-four sced traps were evenly set up on the
forest floor. A seed trap made of a screen bag with
wire frame (0.5 X 0.5 m?) was mounted under a
thick wire. Because of large bottom stone on the for-
est floor, all traps were set up at the breast height
(about 1.3 m) of forest. Main wire frame connected
to seed trap was fixed to the trees for keeping the
location of each {rap against the strong wind and
human disturbance (Rim ef al. 1991). All seeds were
collected from these traps at an interval of 15 days
from 30 Sept. to 30 Nov. from 1984 to 1996. Col-
lected materials were screened and divided according
to the tree species, and leaf and other detritus were
cleared. In the present paper, our study is focused on
the total number of seeds collected from the traps
without sclecting specics. Therefore, the data of total
number of sceds were from all the tree species in-
cluding Carpinus tschonoskii.
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Analysis of climate data

Climate data of Namwon {(Lat. 3525, Long. 127"
25} near MLt Jiri was analyzed from The Annual
Climatological Report from 1980 to 1996. In order to
examine the relationships between the annual and
scasonal climate attributes and seed production ac-
cording to climate change, we cxplored the fluctu-
ation pattern of the maximum and minimum years of
seed production for 12 years. Statistical analysis was
apphed to examine the relationships between the total
number of seeds produced and climate data using
SYSTAT (ver. 5) for Macintosh.

RESULTS AND DISCUSSION
Yegetation

Vegetation of the study arca was mainly consisted
of the naturally regenerated Carpinus tschonoskii in
the tree layer. Acer mono, Quercus serrata, Carpinus
laxiflora and Symplocos chinensis occurred together
with Carpinus tschonoskii in the tree layer. Quercus
serrata 1s also the characteristic species appearing at
the same successional stage of Carpinus species (Kim
and Yim 1986, Yim and Kim 1992). These Carpinus
species were, however, not found at the shrub layer.

In the herb layer, Sase and Benzoin were the
dominants. Seedlings of Carpinus laxiflora were found
in the herb layer, but its coverage was low. We
suggest that failure of seed germination of Carpinus
species may be related with shade-effect by the cover-
age of Sasa borealis of the herb layer (Hong and
Rim, unpublished data). The role of dwarf bamboo,
Suasa species, on the forest floor at the retrogressive
process of forest regeneration is also found in other
vegetation types of temperate deciduous forest and
pine forest in Korea and Japan (Nakashizuka 1987,
Hong et al. 1995, Yamamoto 1995).

Seed production and climate
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Seed production of Carpinus forest generally sho-
wed an irregular cycle by years (Fig. 1). 1984, 1986,
1988, 1989 and 1994 were the year of seed rain of
the forest. However, the heaviest production occurred
in 1984 and 1994. Most sceds were dispersed in late
October to early November.
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Fig. 1. Fluctuations of annual and monthly seed pro-
duction of Carpinus forest for 12 years.

Table 1. The correlation analysis between annual seed
production and climate change

Correlation

Climate attributes B
coefficient (#)
Annual Mean Air Temperature () 0.126M

Annual Mean Maximum Air Temperature  (),154NS
Annual Mean Mimimum Air Temperature  0.343*

Annual Maximum Air Temperature 0.349"
Annual Minimum Air Temperature 0.513°
Annual Mean Precipitation (mm) 0.396*
Annual Mean Relative Humidity (%) 0.378*

Duration of Sunshine (hr) 0.186NS

* p<0.01
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Seed production of Carpinus forest was significantly
corelated with the annual minimum temperature
(Pearson’s correlation coefficient r, = 0.513 at p<0.
0l) and annual mean precipitation (r, = 0.396, p<0.
01) of local climate (Table 1). Annual mean mini-
mum temperature {r, = 0.343), annual maximum tem-
perature (r, = 0.349) and annual mean relative hu-
midity (r, = 0.378) had also weak effect on the seed
production. In this analysis, we suggest that air tem-
perature 1s more important than precipitation on the
seced production of Carpinus forest. Annual precipi-
tation (approx. 1,400 mm/yr.) is concentrated to sum-
mer season (June to August) of seed formation stage
in Korea (Hong and Nakagoshi 1998). Moreover,
sometimes typhoon with heavy rain and wind attack
this area in the season (Hong 1979, Scong and Shin
1979). Therefore, summer air temperature and light
condition arc the important factors to control veg-
elative and reproductive mechanisms available to seed
and flower production (Grime 1979, FEtheringlon
1982, Silvertown 1987).

In the present study, annual mecan duration of sun-
shine was not significant in the sced production (r, =
0.186, not significant). The duration of sunshine was,
however, seasonally different (Fig. 2). Except for win-
ter, the duration of sunshine in the season is an im-
portant factor to control the physiological mechanis-
ms of seed maturation. There was no significant cor-
relation between the duration of sunshine and air

temperature by season. Figure 3 shows the number of

days of rain and sunshine by season. Generally, ann-
ual productions of plants including fruit, rice, and
vegetables are scnsitively dependent on climatic attri-
butes such as temperature and precipitation of sum-
mer season (Crawford 1989). Morcover, high tem-
perature, long duration of sunshine and much precipi-
tation give positive effect on tree physiology like
fruiting and seed production mechanism of the sunny
plants. According to Shibata er al. (1998), the polli-
nation efficiency was supported as an explanation for
the adaptive significance of annual fluctuation of seed
production in Carpinus forest. In the case of shade-
tolerant species at the late successional stage having
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Fig. 2. Changes of the duration of sunshine and air
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temperature by season from 1980 to 1996 (“v" and
large arrow signs mean the years of seed rain and
heavy seed production, respectively).

sensitive ecosystem stability against external disturb-
ance like climate (Grime 1979, Shibata and Naka-
shizuka 1995, Tanaka 1995), however, the appropri-
ale portion of these combined climate attributes is
decided to make their pollination cfficiency and seed
mast high (Watanabe 1994). Too much rain and
strong air heat of summer scason may act as a
stress factor for high pollination efficiency and pro-
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Fig. 3. Changes of the mean number of sunny and
rainy day by season from 1980 and 1996 (“v” and large
arrow signs mean the years of seed rain and heavy
seed production, respectively),

ducing many sound seeds on the climax forest.
In the present study about the relationships betwe-
en annual fluctuation of seed production and annual
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climatic attributes, we can suggest that the multiple
causes-viz, microhabitat and microclimatic condition
(Stoutjesdijk and Barkman 1992)- can operate pollina-
tion and demographic stages of the plant, and conse-
quently it controls the sced maturation period in hor-
izontal and vertical condition of community. To esti-
mate the importance of climatic factors on vegetation
dynamics including seed production of successional
deciduous forest composed of different species in
competition, we need to accumulate quantitative data
about species-specific seed production of co-occurring
plants appearing at the same successional stage.
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