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Relationship between the Time and Duration of Flowering in
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ABSTRACT: To clarify the relationship between the timing and the duration of flowering among populations,
plants, and individual flowers, the dates of flower budding, flowering and deflowering were monitored for ten
woody species from March 1 to June 30, in 2005, 2006 and 2007, in temperate deciduous forests at three sites
of Namsan, and individual plants from seven woody species were monitored from March 1 to May 31, in 2006.
Total durations of flower budding, flowering, and deflowering varied among the plant species. Three durations
of these phenological stages of Stephanandra incisa were the longest (74 days, 109 days, and 101 days, res-
pectively), and those of Prunus serrulata var. spontanea were the shortest (7 days, 7 days, and 4 days,
respectively). For each species, phenological durations varied among years but were similar among the study
sites in the same year. There was no relationship between flowering time and flowering duration on the po-
pulation level. On the plant level, the duration of flower budding was over 11 days in all specie; S. incisa had
the longest duration (73.3 days), and that of Styrax japonica was long as well (29.0 days), while that of Prunus
leveilleana was the shortest (11.3 days). The longer the mean flower budding duration, the greater the difference
among the plants within a species. The flowering duration of for S. incisa was 92.2 days, while that of Forsythia
koreana was 27.2 days. The flowering durations of all other species were 10~20 days. The deflowering duration
was 92.0 days in S. incisa and <15 days in all other species. Differences among the plants in deflowering
duration were smaller than those of the other phenological stages. In the species that flowered in April, the
correlation coefficient between the flowering duration and the first flowering date was negative and significant.
However, in the species that flowered in May, the correlation between flowering duration and the first flowering
date was not significant. For individual plants of all species except for S. alnifolia, the earlier the flowering time,
the longer the flowering duration. Differences between flowering time and flowering duration across years were
significant in six species.
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INTRODUCTION

In annual phenological cycles, flowering phenology is particu-
larly important because it determines reproductive synchrony with
potential mates (Augspurger 1981, Marquis 1988), synchrony with
or attractiveness to pollinators (Schemske 1977, Augspurger 1981,
Gross and Werner 1983, Kozlowski 1992), utilization of seasonally
available resources such as light or water (Schmitt 1983, Marquis
1988, Galen and Stanton 1991, Walker et al. 1995), and vulner-
ability to floral herbivores and seed predators (Schemske 1984,
Petterson 1991, Brondy 1997, Kelly and Levin 2000, Wright and
Meagher 2003). To maintain a population, the propagules such as
seeds must be recruited, and seeds are produced as a result of the

process of flowering, pollination, deflowering, fruit ripening and dis-

persal, so flowering is the first stage of recruitment in a population.
Plants need to be in appropriate physiological and environmental

condition to flower (Shitaka and Hirose 1998), and flowering is
affected by many factors. Thus, plant flowering has been studied
from many perspectives. One theme of many studies is the relation-
ship between flowering time and its duration. These studies view
flowering from the perspective of the community, the species, the
population, the plant, or the flower. On a population level, previous
studies have considered the plant-pollinator relationship, utilization
of seasonally available resources such as water or light, production
of faithful seeds, and conditions for seed germination. The results
of these studies suggest that the flowering time and duration of a
species evolved to be optimal to sustain its population (Primack
1987, O'Neil 1997). However, flowering times and durations are
partly fixed by genetic factors but are also affected by environ-
mental factors. Because their strategies vary across the environments
experienced by the community, species, population, and plant, there
is probably no simple law or principle determining a plant’s flowe-
ring time and duration (Bishop and Schemske 1998).
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Many environmental factors affect flowering time and duration,
but most studies have focused on the most significant factor for a
given plant (Garner and Allard 1920, Flint 1974, Lieth 1974,
Rathke and Lacey 1985, Diekmann 1996). For example, in tropical
and arid areas with a pronounced dry season, studies have examined
the relationship between flowering and water resources (Augspurger
1981, Sakai et al. 1999). In these areas, almost all plants flower
within two weeks after rainfall (Marquis 1988). This result shows
that water is the main factor affecting flowering times in tropical
and arid area. Another study found that a plant species in an arid
area flowers immediately after a fire (Arianoutsou and Mardiris
1985). In alpine or tundra, the timing of flowering is matched with
the timing of snow melt, and the cumulative air temperature is the
main factor (Kudo 1992, Walker et al. 1995, Thérhallsottir 1998,
Kudo and Suzuki 1999, Totland and Alatalo 2002). In temperate
deciduous forests, winter is the hardest season and flowering occurs
with the ascent of air temperature in springtime (Sakai et al. 1999).
However, the air temperature in springtime in temperate deciduous
forests does not steadily increase, but rather fluctuates by ascending
above freezing and then descending again repeatedly (Min et al.
2007). In temperate areas, plants need an adaptive strategy that will
allow them to maximize flowering duration as the air temperature
fluctuates. Plants that come into flower early can produce better-
quality seeds than those that flower late, by taking advantage of a
long period for ripening and pollinator attraction (Thdrhallséttir
1998). However, if flowers flower too early, and are then faced
with an abrupt drop in air temperature, the flowers might freeze and
die or may not be properly timed with pollinators. Therefore, to
understand how plants in temperate areas meet this challenge,
studies of the relationship between flowering time and duration are
needed.

The aim of this study was to clarify the relationship between
flowering time and total flowering duration for several woody plants
species in the early springtime in a temperate deciduous forest. We

Table 1. Species and data for flowering duration surveys
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tested the hypothesis that the plants that flowered earlier had a
longer flowering duration than those flowering later. We analyzed
the relationship between flowering time and total flowering duration
on the level of the population, the plant, and the flower.

MATERIALS AND METHODS

The study area and sites were described by Min et al. (2007).
The field survey was carried out in two ways. One method involved
monitoring specific populations and plants across years and sites.
Ten species or plants were chosen for monitoring based on three
criteria; each flowering stage was easily discriminated, plants of a
species experienced the same microclimate, and there were more
than three individual plants. Each phenological stage for nine plant
species was monitored from February 2 to May 31 in 2005, 2006,
and 2007, at three sites in Namsan. However, Robinia pseudo-aca-
cia was only monitored in 2006 and 2007. Phenological stages were
classified into three stages: flower budding, flowering, and deflowe-
ring. Field surveys were conducted two or three times a week.

The other method involved monitoring of flowers on plants of
seven species (Table 1). Flowers on a plant were grouped by flowe-
ring date into groups of 10~30. Each flower was numbered, and
its flowering and deflowering dates were determined by checking the
flower two or three times a week.

Air temperature at each site was measured to the closest 0.1°C
using an automatic thermometer (LogTag, TRIX-8). The daily mean
air temperature was calculated by the automatic thermometer. The
year day index (YDI) and Nuttonson's index (Tn) were calculated
as previously described (Min et al. 2007).

Flowering durations were calculated as the interval from the first
and last flowering dates to the first and last deflowering dates for
populations and individual plants, and from flowering date to
deflowering date for individual flowers. Differences in the year day,
year day indices and Nuttonson's indices of the first and last dates

Scientific name

Month/date of flowering commencement

Period of flowering commencement

Forsythia koreana
Rhododendron mucronulatum
Prunus serrulata var. spontanea
Euonymus sachalinensis

Sorbus alnifolia

Robinia pseudo-acacia

Styrax japonica

04/05, 04/07, 04/10
04/03, 04/10, 04/12, 04/14
04/20, 04/24, 04/26
05/05, 05/06, 05/08
05/06, 05/08
05/22, 05/24, 06/01
05/22, 05/24, 05/26, 05/29

03/29~04/12
04/03~04/14
04/20~04/26
05/05~05/09
05/06~05/09
05/22~06/01
05/22~06/01
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were calculated for each flowering stage.

RESULTS

The duration and dates of each phenological stage for varied
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among species and years (Table 2). However, mean flower budding
and flowering durations were longer than deflowering ones. The total
flower budding durations were the longest in 2006, intermediate in
2007 and the shortest in 2005 for all species except Prunus levei-
lleana and S. alifolia. The flower budding durations of Forsythia

Table 2. Date (Month/Day) of the first and last observation of each flowering phenological stage and duration (days) of phenological stages for

ten woody plant species

Flower budding Flowering Deflowering
Scientific name Year
First Last  Duration First Last  Duration First Last Duration
Forsythia koreana 2005 4/02 4/15 13 4712 4/30 18 4/22 4/30 8
Forsythia koreana 2006 3/06 4/10 35 3123 5/08 48 4/10 5/08 28
Forsythia koreana 2007 3/13 4/12 30 3126 5/03 38 4/12 5/01 19
Rhododendron mucronulatum 2005 3126 4/19 17 4112 4/30 18 4/15 5/04 19
Rhododendron mucronulatum 2006 3123 417 25 4/05 5/08 33 4/10 5/08 28
Rhododendron mucronulatum 2007 3/18 4/11 24 3122 5/02 41 4/12 5/05 23
Prunus serrulata var. spontanea 2005 4/12 4/19 7 4719 4126 7 4122 4126 4
Prunus serrulata var. spontanea 2006 4/07 4124 17 4112 5/03 21 417 5/03 16
Prunus serrulata var. spontanea 2007 4/07 421 14 4719 4126 7 421 5/03 12
Prunus leveilleana 2005 4/02 4122 20 4/19 4/30 11 4126 4/30 4
Prunus leveilleana 2006 4/12 5/01 19 417 5/05 18 4126 5/05 9
Prunus leveilleana 2007 4/12 4126 14 4/17 4/26 9 4/23 5/03 10
Acer pseudo-sieboldianum 2005 4122 5/10 18 4126 5/17 21 4/30 5/17 17
Acer pseudo-sieboldianum 2006 417 5/13 26 424 5/16 22 5/05 5/16 11
Acer pseudo-sieboldianum 2007 4719 5/07 18 4125 5/17 22 5/07 5/18 11
Euonymus sachalinensis 2005 4710 5/10 30 5/01 6/06 37 5/10 6/10 kil
Euonymus sachalinensis 2006 4/09 5/26 47 429 6/03 35 5/07 6/08 30
Euonymus sachalinensis 2007 4/10 5/10 30 5/02 6/08 37 5/10 6/10 31
Sorbus alnifolia 2005 4719 5/04 15 5/04 5/14 10 5/07 5/14 7
Sorbus alnifolia 2006 4/20 5/16 26 5/03 5/18 15 5/08 5/18 10
Sorbus alnifolia 2007 419 5/17 28 5/01 5/17 16 5/14 524 10
Stephanandra incisa 2005 4/30 5/24 24 524 8/30 97 6/07 8/30 84
Stephanandra incisa 2006 424 6/17 54 5/16 9/05 109 5/24 9/05 101
Stephanandra incisa 2007 4/23 5/28 35 5/03 8/24 113 5/10 9/01 115
Robinia pseudo-acacia 2006 5/08 5/30 22 5/16 6/20 34 5/22 6/20 28
Robinia pseudo-acacia 2007 5/01 5/25 24 5/14 6/12 29 5121 6/18 28
Styrax japonica 2005 4/30 5/31 31 5/24 6/07 14 5/31 6/17 17
Styrax japonica 2006 424 6/01 38 5/16 6/20 35 5/24 6/20 27
Styrax japonica 2007 4/23 5/26 33 5/17 5/29 12 5/24 6/19 26
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koreana, Prunus serrulata var. spontanea and Stephanandra incisa
were twice as long in 2006 as in 2005. Differences in flower
budding durations among the three years were largest in S. incisa
(30 days) and smallest in R. pseudo-acacia (2 days). The flowering
durations in most species were longest in 2006. Differences in
flowering duration among the three years were largest in F. koreana
(30 days) and smallest in Acer pseudo-sieboldianum (1 day). Total
deflowering durations were longest in 2006 for all species except
P. leveilleana and A. pseudo-sieboldianum. Differences in the de-
flowering duration among the three years were largest in S. incisa
(31 days) and shortest in E. sachalinensis (1 day). However, despite
the fact that deflowering durations were shorter than the other two
phenological stages, the deflowering durations in 2006 were 3 times
longer for P. serrulata var. spontanea and 2.7 times longer for F.
koreana than those in 2005. Therefore, the durations of phenolo-
gical stages were mostly longest in 2006. However, patterns of va-
riation between years differed among species and phenological
events.

On the level of the individual plant, the durations of the phe-
nological stages did not show a trend along the species or stages
(Table 3). Flower budding duration was the longest in S. incisa
(73.3 days). Those of E. sachalinensis, Sorbus alnifolia, and S. ja-
ponica were also long (> 20 days). For other species, flower budding
durations ranged from 11.3~18.5 days. The differences among indi-
vidual plants within a species were largest in S. incisa (27.4 days),
and were also relatively large in F. koreana (10.5 days). Those of
the other species were relatively small (<10 days), and the diffe-
rence among plants in R. pseudo-acacia was only 2.3 days, despite
their long flower budding duration (17.8 days). Flowering duration

Table 3. Duration (days) of flower budding, flowering, and deflowe-
ring for individual plants in ten woody plant species

Flower Flowe- Deflowe-

Scientifi
clentific: name budding ring ring

Forsythia koreana 1854105 27.2+113 152+ 95

Rhododendron mucronulatum 154+ 6.3 199+ 76 142+ 7.2

Prunus serrulata var. spontanea 13.0+ 3.2 14.0+ 44 10.8+ 3.1

Prunus leveilleana 11.3+ 3.7 110+ 29 8.0+ 24

Acer pseudo-sieboldianum 184+ 71 149+ 73 7.0+ 28

Euonymus sachalinensis 233+ 31 243+ 22 153+ 48

Sorbus alnifolia 203+ 29 123+ 18 103+ 15

Stephanandra incisa 73.3+27.4  92.0+29.7 25.7413.6

Robinia pseudo-acacia 178+ 23 145+ 63 9.7+ 0.7

Styrax japonica 290+ 85 7.0+ 0.0 150+ 87
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was longest in S. incisa (92.0 days) and shortest in S. japonica (7.0
days). Flowering durations of F. koreana and E. sachalinenesis
were long (27.2 days and 24.3 days, respectively). The difference
in the flowering duration among plants within a species was the
largest in S. incisa (29.7 days), and was also large in F. koreana
(11.3 days). Differences in flowering duration among individual plants
in the other species were below 7.6 days, and that of S. japonica
was zero among the twelve plants. The difference among plants in
E. sachalinensis was also small (2.2 days) despite its long flowering
duration (24.3 days). Deflowering durations of all species other than
S. japonica were below 15.3 days, while the deflowering duration
of S. incisa was 25.7 days. Differences among individual plants in
deflowering duration were largest in S. incisa (13.6 days) and
smallest in R. pseudo-acacia (0.7 days). The deflowering stage was
the shortest of the phenological stages; however, the durations of
the flower budding and flowering stages differed among species.

Correlation coefficients (CC) between flowering date (year and
day) and flowering duration (days) were negative in 8 species, and
significant at a 1% or a 5% level in five species (Table 4). CCs
were significant in the species that flowered early in the season,
before May 3, and the flowering dates were inversely proportional
to flowering duration. However, in the species flowering late in the
season (after May 5), there was no relationship between flowering
date and flowering duration.

For individual flowers, year day (YD), YDI and Tn at the flowe-
ring and deflowering times of the seven species were as shown in
Table 5. F. koreana and Rhododendron mucronulatum flowered
early in the growing season, and their YDs of their first flowering

Table 4. Correlation coefficient between flowering time (date, YD)
and flowering duration (day) in 10 woody species

L Mean cC Significant
Scientific name .
flowering date  value (n) level
Forsythia koreana April 4 —0.965 ( 9) 0.01

Rhododendron mucronulatum — April 9 —0.841 (17) 0.01

Prunus serrulata var.

Spontane April 15 -0.852 (11) 0.01
Prunus leveilleana April 20 —0.528 (11) -
Acer pseudo-sieboldianum April 28 —0.588 (15) 0.05
Euonymus sachalinensis May 3 -0.801 ( 9) 0.05
Sorbus alnifolia May 5 -0.518 (13) -
Stephanandra incisa May 17 -0.396 ( 8) -
Robina pseudo-acacia May 20 0.190 (12) -
Styrax japonica May 22 0.113 (17) -
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Table 5. YD, YDI and Tn at the times of flowering and deflowering in seven woody species

Flowering time

Deflowering time

Scientific name

YD YDI (C -day) Tn (C - day) YD YDI (C -day) Tn (C - day)
Forsythia koreana 95 276.0 75.7 119 541.8 228.9
Forsythia koreana 97 294.7 85.8 120 557.0 239.2
Forsythia koreana 100 3320 109.8 114 481.1 1915
Rhododendron mucronulatum 93 252.7 62.9 108 426.2 164.3
Rhododendron mucronulatum 100 332.0 109.8 113 4715 185.7
Rhododendron mucronulatum 102 363.0 130.6 115 492.1 197.7
Rhododendron mucronulatum 104 384.0 1418 115 492.1 197.7
Prunus serrulata var. spontanea 110 440.8 169.3 115 492.1 197.7
Prunus serrulata var. spontanea 114 481.1 1915 118 528.3 219.8
Prunus serrulata var. spontanea 116 503.9 204.7 119 541.8 228.9
Euonymus sachalinensis 125 642.9 301.1 130 7316 367.5
Euonymus sachalinensis 126 657.4 3105 130 7316 367.5
Euonymus sachalinensis 128 694.3 339.2 132 764.9 391.6
Sorbus alnifolia 126 657.4 3105 128 694.3 3392
Sorbus alnifolia 128 694.3 339.2 132 764.9 391.6
Robina pseudo-acacia 142 938.8 521.7 147 1,022.4 583.9
Robina pseudo-acacia 144 969.6 544.4 151 1,143.4 657.1
Robina pseudo-acacia 152 1,143.4 657.1 154 1,186.4 695.0
Styrax japonica 142 938.8 521.7 148 1,037.8 595.2
Styrax japonica 144 969.6 544.4 149 1,054.7 608.2
Styrax japonica 146 1,006.6 573.1 150 1,073.8 573.2
Styrax japonica 149 1,054.7 608.2 152 1,1434 657.1

were in the range of 95~100 and 93~100, respectively. However,
R. pseudo-acacia and S. japonica flowered late in the growing
season, and their YDs of their first flowering were 142~152 and
142~152, respectively. YDs at deflowering time were low (108~
115) in R. mucronulatum, intermediate in P. serrulata var. spon-
tanea (142~152) and the largest in R. pseudo-acacia (147 ~154).
That of S. japonica was also relatively large (148~152). YDs diffe-
rences between the first and the last flowering times were larger
than those for deflowering times. YDs differences between the first
and the last flowering time were the largest in F. koreana (14 days)
and the smallest in S. alnifolia (3 days). Differences in YDIs bet-
ween the first and the last flowering times were below 50°C - day in
S. alnifolia, but over 100°C - day in R. mucronulatum, P. pseudo-
acacia, and S. japonica. However, those between the first and the

last deflowering times were below 50°C - day in P. serrulata var.
spontanea, and E. sachalinensis, but over 100°C - day in R. pseudo-
acacia and S. japonica. Differences in Tns between the first and the
last flowering times were below 50°C - day in F. koreana, P. serru-
lata var. spontanea, E. sachalinensis, and S. alnifolia, and over 100
C - day in R. mucronulatum and R. pseudo-acacia. Tns differences
between the first and the last deflowering times were below 50
C - day in F. koreana, R. mucronulatum, P. serrulata var. sponta-
nea, E. sachalinensis and S. alnifolia, and over 100°C - day in R.
pseudo-acacia.

Correlations hetween YD, YDI, and Tns for flowering duration
and flowering times for a species were significant at 1% or a 5%
level along the species (Table 6). In general, the earlier the flowe-
ring time, the longer the flowering duration. Moreover, differences
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Table 6. Differences of YD, YDI and Tn between the flowering time and the deflowering time in seven woody species

Indices
Scientific name YD (day) YDI (C - day)) Tn (C - day))
¥ D* SL** (%) D SL (%) D SL (%)

Forsythia koreana 95 24.2+2.8 a(l) 274441 a(l) 157425 a(l)
Forsythia koreana 97 22.9+2.4 a(1) 260£35 a(1) 145£21 a(1)
Forsythia koreana 100 14.13.7 b(1) 140+42 b(1) 79+22 b(1)
Rhododendron mucronulatum 93 15.16.0 a 165162 a(1) 93+32 a(5)
Rhododendron mucronulatum 100 13.05.6 a 130+64 b(5) 75+34 ab
Rhododendron mucronulatum 102 12.5¢4.0 a 131453 h(5) 67429 ab
Rhododendron mucronulatum 104 11.245.1 a 109464 h(1) 59+34 h(5)
Prunus serrulata var. spontanea 110 54419 (5) 49424 a 26+13 a
Prunus serrulata var. spontanea 114 39117 (5) 37423 a 2013 a
Prunus serrulata var. spontanea 116 33112 (5) 32+17 a 19+10 a
Euonymus sachalinensis 125 55115 (5) 84+27 a(5) 58+21 a(1)
Euonymus sachalinensis 126 4.3+15 ab 62+28 ab 46122 ab
Euonymus sachalinensis 128 3.8+1.6 (5) 49+24 h(5) 38+19 h(1)
Sorbus alnifolia 126 2.0£0.0 (1) 20+ 0 a(1) 14+ 0 a(1)
Sorbus alnifolia 128 3.9+14 1) 52422 b(1) 41416 b(1)
Robinia pseudo-acacia 142 7.0£0.0 (1) 107+ 0 a(1) 74+ 0 a(l)
Robinia pseudo-acacia 144 6.6£15 (1) 105£30 a(1) 74423 a(l)
Robinia pseudo-acacia 152 2.0£0.0 1) 23t 0 b(1) 20+ 0 bh(1)
Styrax japonica 142 6.0£1.7 1) 90429 a(5) 61+22 a(5)
Styrax japonica 144 5.0£0.0 1) 71+ 0 ab 51+ 0 ab
Styrax japonica 146 4.1+15 ab 58432 ab 38422 ab
Styrax japonica 149 34408 b(1) 5220 b(5) 3815 b(5)

* difference, ** significant level (%).

in flowering duration and the three indices among the years were
significant at a 1% level in two species (F. koreana and R. pseudo-
acacia) and significant at the 5% level for all other species except
for R. mucronulatum and P. serrulata var. spontanea.

DISCUSSION

The times of flower budding, flowering, and deflowering varied
among populations and years. This is probably due to differences
in air temperature regimes between two of the study years (Min et
al. 2007). The period with air temperature below 0°C in March was

longer in 2006 than in 2005, but, after mid-April, the air tem-
perature or YDI or Tn was higher in 2006 than 2005 (Min et al.
2007). However, the flowering order was constant among the spe-
cies for two years. The earlier the phenological stage, the greater
the difference between the first and the last times for a species or
a stage. Generally, within-population flowering order remained appro-
ximately constant between years, despite differences in the dates of
the population flowering periods. This result suggests that the
timing of an individual's flowering is largely determined by rela-
tively fixed characteristics of its microhabitat or genetic factors or
both (Buide et al. 2002).
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In an individual level, two patterns emerged from the field sur-
vey data. The deflowering duration was consistently shorter than the
flower budding and flowering durations. However, the flower bu-
dding duration could be longer or shorter than the flowering dura-
tion. The longer the duration of a phenological stage, the greater the
variation in duration among the plants. In addition, the earlier the
date of flowering, the longer the flowering duration. The correlation
coefficients between flowering time (YD) and flowering duration
were negative and significant at the 1% level in the species that
flowered before mid-April, and correlations for the species which
flowered by early May were negative and significant at the a 5%
level. However, in the species that flowered after this time, there
was no relationship between flowering time and flowering duration.
Therefore, low temperatures in the springtime prolonged the flowe-
ring duration. Plants that start flowering early tended to have longer
flowering periods than plants that start flowering late, as has been
reported in many previous studies (Dieringer 1991, Kelly 1992,
O'Neil 1997, Buide et al. 2002).

On the level of the individual flower, the earlier flowering occu-
rred, the longer the flowering duration for all species except S. alni-
folia. Species that flowered in early May showed a negative rela-
tionship between flowering time and flowering duration, although
populations and individual plants did not. That was, the flowers of
a plant had a similar deflowering time regardless of their flowering
time.

LITERATURE CITED

Arianoutsou M, Mardiris TA. 1985. Observations on the phenology of
two dominant plants of the Greek maquis. In: Plant response to
stress, (Tenhunen JD, Catarino FM, Lange OL, Oecheol WC, eds).
Springer-Verlag, Berlin, pp 515-519.

Augspurger CK. 1981. Reproductive synchrony of a tropical shrub;
Experimental studies on effects of pollinators and seed predators
on Hybanthus prunifolius (Violaceae). Ecology 62: 775-778.

Bishop JG, Schemske DW. 1998. Variation in flowering phenology and
its consequences for lupines colonizing Mount St. Helens. Ecology
79: 534-546.

Brondy AK. 1997. Effects of pollinators, herbivores, and seed predators
on flowering phenology. Ecology 78: 1624-1631.

Buide ML, Diaz-Peromingo JA, Guitian J. 2002. Flowering phenology
and female reproductive success in Silene acutifolia Link ex Rohrb.
Plant Ecol 163: 93-103.

Diekmann M. 1996. Relationship between flowering phenology of pe-
rennial herbs and meteorological data in deciduous forests of Swe-
den. Can J Bot 74: 528-537.

Flint HL. 1974. Phenology and genecology of woody plants. In: Pheno-
logy and seasonality modeling, (Lieth H, ed). Springer-Verlag,
New York, pp 83-97.

Galen C, Stanton ML. 1991. Consequences of emergence phenology for

Relationship between Time and Duration of Flowering 145

reproductive success in Ranunculus adoneus (Ranunculaceae).
Amer Bot 78: 978-988.

Garner WW, Allard HA. 1920. Effect of the relative length of the day
and night and other factors of the environment on growth and
reproduction in plant. J Agri Res 18: 553-606.

Gross RS, Werner PA. 1983. Relationships among flowering pheno-
logy, insect visitors, and seed-set of individuals: Experimental stu-
dies on four co-occurring species of goldenrod (Solidago: Com-
positae). Ecol Monogr 53: 95-117.

Kelly MG, Levin DA. 2000. Directional selection on initial flowering
date in Phlox drummondii (Polemoniaceae). Amer J Bot 87: 382-
391.

Kozlowski J. 1992. Optimal allocation of resources to growth and re-
production: implications for age and size at maturity. Trends in
Ecol Evol 7: 15-18.

Kudo G. 1992. Pre-flowering and fruiting periods of alpine plants inha-
biting a snow-bed. J Phytogeogr Taxon 40: 99-106.

Kudo G, Suzuki S. 1999. Flowering phenology of alpine plant com-
munities along a gradient of snowmelt timing. Polar Biosci 12:
100-113.

Lieth H. 1974. Phenology and seasonality modeling. Springer-Verlag,
New York.

Marquis RJ. 1988. Phenological variation in the neotropical understory
shrub Piper arieianum: Causes and consequences. Ecology 69:
1552-1565.

Min BM, Yi DH, Jeong SJ. 2007. Relationship between phenological
stages and cumulative air temperature in spring time at Namsan.
J Ecol Field Biol 30: 143-149.

O'Neil P. 1997. Natural selection on genetically correlated phenological
characteristics in Lythrum salicaria L. (Lythraceae). Evolution 51:
267-274.

Petterson MW. 1991. Flower herbivory and seed predation in Silene
vulgaris (Caryophyllaceae): Effects of pollination and phenology.
Holaretic Ecol 14: 45-50.

Primack RB. 1987. Relationships among flowers, fruits, and seeds. Ann
Rev Ecol Syst 18: 409-430.

Ratchke B, Lacey EP. 1985. Phenological patterns of terrestrial plants.
Ann Rev Ecol Syst 16: 179-214.

Sakai S, Momose K, Yumoto T, Nagamitsu T, Nagamasy H, Hamid
AA, Nakashizuka T. 1999. Plant reproductive phenology over four
years including an episode of general flowering in a lowland
dipterocarp forest, Sarawak, Malaysia. Amer J Bot 86: 141-1436.

Schemske DW. 1977. Flowering phenology and seed set in Claytonia
virginica (Portulacaceae). Bull Torrey Bot Club 104: 253-263.

Schemske DW. 1984. Population structure and local selection in Impa-
tiens pallida (Balsaminaceae), a selfing annual. Evolution 38: 817-
832.

Schmitt J. 1983. Individual flowering phenology, plant size, and repro-
ductive success in Linanthus androsaceus, a California annual.
Oecologia (Berlin) 59: 135-149.

Shitaka Y, Hirose T. 1998. Effects of shift in flowering time on the
reproductive output of Xanthium canadense in a seasonal environ-
ment. Oecologia 114: 361-367.

Thorhallsottir TE. 1998. Flowering phenology in the central highland
of Iceland and implications for climatic warming in the Awrctic.



146

Min, Byeong Mee et al.

Oecologia 114: 43-49.

Totland @, Alatalo JM. 2002. Effects of temperature and date of snow-
melt on growth, reproduction, and flowering phenology in the
arctic/alpine herb, Ranunculus glacialis. Oecologia 133: 168-175.

Walker MD, Ingersoll RC, Webber PJ. 1995. Effects for interannual

climate variation on phenology and growth of two alpine forbs.
Ecology 76: 1067-1083.

3. Ecol. Field Biol. 31 (2)

Wright JW, Meagher T. 2003. Pollination and seed predation drive

flowering phenology in Silene latifolia (Caryophyllaceae). Ecology
84: 2062-2073.

Yim YJ. 1986. The effects of thermal climate on the flowering dates
of plants in South Korea. Kor J Apiculture 1: 67-84.

(Received April 23, 2008; Accepted May 13, 2008)



