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(10.79%) > W E(6.8%) > oI ZH(45%) > ZEAAE(29%) =

2RE(29%) > HEA A B(32%) £o2 YERT 2RI BE

M

= One-way contingency table

(o

(L
oz

7]
analysisS %3 &<l ZHo] 553% = Aut o] s

Mo s ZHol A& 38 Q3L(75.6% vs. 24.4%), B3} P
wEe Al WFE e BE aEe wEe FARoM135% vs.

10.4%) =32 ol5 Htel 79 4ufol E A TH(76.1%).

dufF o] Hix=E ARG A, Abde] NIETVE 928F o=
31.2% % A Fom, oo =iy} 722F o2 HAA 2 243%F A 3t
A TH(Table 2B). t}S o2 9 3(7.8%) > A3(65%) > AIH}(5B.7%) >
FH(55%) > L} (4.4%) = HE5944.4%) > +HH(22%) > E3
(1.2%)=o = vetwo v aet I3, #2353, 33, )3
MRS Aol Wy ewe ddAd e vk, g2 ke kg
W, AR AlZe T &3 o RFelAl Eelg A A
(85.5%) > §1(14.5%)% ERRTE weba] Aty 2 S3p ) 3
e ARyt Foy Jyel 2o SyuEt X gol AtEs o

0

One-way contingency table analysisZ ©]-&3}o] F2kuj 7| =}

7 WFe WMEE #A% Ad FPo| 4dFom AAY AN I
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3} tH(Table 2C). vF&H(13.4%) > &&(13.1%) > vl#/% = (8.3%)
> AFEAFEBGA%) > FE/FHEU6XeoRE YHEYL. O 591, F
Hol mifAd AEFTS s AE, MuteE, Bd 5o v ol
A, A xpsk, g, Pz, FEF Fol Hoh, W EuRa
GA e, AR, aretete] g3, 2uE 5o AEFS ube
L B R T R R ) B R °

¢

¥,o4EUR 5o Azmse sE/sdufAelr. AR
W AE WA AL, SR AR Al Fel A o] MlE= Al )AL
o} EFviNAE FAFR ST (11.8% vs. 11.5%) HIAE WA= ol &
v 7R AR o] 3Rl = B TH(76.7%).

2. 78 70 B AL FE

vl w), wsba, 2y, W, vugeelAn ), %, 11
MEgRate] 74 Fo sl AE5e sl wek Sg Al 2
A (Fig. 3). vlveolgu s P oz 99, Fuwe 89
Vg Aol wetow, Tibi 99, wubis 99, W= 89,
EUF s 59, AdEdE 9¥€e AA dAHo o2& Ao=E eyt
o}

woll AAst= Fol 60%= 7t B 12vju wekew, o Foll=
40% % 7]t R o] 1.6¥, 7F&_AZel+= 71X 7t 275l ot A A st
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= Fol ¥ FT= AT wdR ZsdeE Vb _ AR AddE=E F
o] 845%= ZIHAHF 13wt} Wekom ofF° ZAA H]E o] 145%
2 7l A B vgkom Fo Add= T2 AT FHE o Fel
= ZIHA7F 1650l oy A= T2 3 Fol By wbdol
7he AL AAsE L 983% = A B ¢ 15WAE wol
Uebstth Fujats o FolE 43.7% %2 ZIHXRY 168y Be A&
o], 7F&_ALgol= AAd= Fo] 56.3%(675)= 7|HX1 A A
Ebsk ok mlvg] oA v 2, 13, wetate] F9-= FolskAl gk

jas)

3. AEERE 13 AFSHoH B4

3.1. 247 FA

i
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—d
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i
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o
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flo
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[@))
ol
O
FU
2
)
lo
I
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o))
\
it
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(Fig. 1). &Zdolg 9} nvluste] By 10 AT 35 FZ
A

olH o] Ao} Zom 11¥€d+= 2% w2 HE&E e 79 =
T2 1.6%, bdeol= 1.2% zAaste]l & ko] & Holx gkt AldE

2 BAEAS Ve AeE AAFo] 288F o2 793%E A )
AAFL 665(18.7%), & AATE 7F EFH3ATE
(Table 1). webr] F& dolE et AFEdvolH e Fg2 A v=

AFEdolEel A Lot Seltet ARABES H%HI0L
FaeolE st AR I~1IAEE dgstgon AunA %y

T FAFSFE BH(Fig. 2). Ad<s7]3ke] 271491 A&l 117&°2 =2 32.2%
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Table 1. Frequency distribution of Korean angiosperm species fruiting at each season.
The overall data included all species examined, while the subset data included only

species each selected randomly from each genus. Autumn_Winter fruiting season consists

of both groups of species fruiting in autumn and winter.

Fruiting season

Spring Summer Autumn_Winter
A. Overall data 38 239 900
X? = 1036.84, df = 2, P < 0.0001, N = 1177
B. Subset data 7 68 288
X? = 361.12, df = 2, P < 0.0001, N = 363
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disperal vector (C) in Korean angiosperm species.

Table 2. Frequency distribution of various categories of life form (A), fruit type (B) and seed

X? = 8375.15, df = 10
P < 0.0001, N = 3029

X? = 5537.95, df = 15
P < 0.0001, N = 2972

A. Life form B. Fruit type C. Dispersal vector

Categories N % Categories N % Categories N %
Annual herb 325 10.7 Achene 722 24.3 Animal 340 11.8
Biennial herb 137 45 Aggregate 20 0.7 Autochory 230 8.0
Perennial herb 1676 55.3 Berry 194 6.5 Gravity 1527 53.2
Herbaceous vine 88 2.9 Capsule 928 31.2 Wind 446 155
Parasite 24 0.8 Caryopsis 232 7.8 Animal/gravity 122 4.3
Shrub 378 12.5 Drupe 163 55 Autochory/animal 2 0.1
Small tree 38 2.9 Follicle 130 44 Wind/animal 2 0.1
205 6.8 Legume 135 45 Wind/gravity 203 7.1

Woody vine 64 2.1 Loment 64 2.2

Undefined herb 43 14 Multiple 14 0.5

Nut 169 5.7

Pepo 10 0.3

Pome 30 1.0

Samara 33 1.1

Schizocarp 92 3.1

Urticle 36 1.2

X% = 4802.80 df = 7
P < 0.0001, N = 2872
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Table 3. Frequency distribution of Korean angiosperms apecies in a two—-way

contingency table of fruiting season and seven large families.

Fruiting season

Family membership

Spring Summer Autumn_Winter
Caprifoliaceae 0/2 11/11 30/27
Compositae 0/4- 11/19- 60/48+
Leguminosae 0/3- 1/16- 57/39+
Liliaceae 0/2 10/11 32/28
Ranunculaceae 1/3 12/12 33/31
Rosaceae 0/7- 52/32+ 67/80
Salicaceae 24/2+ 16/11 0/27-

X* = 289.13, df = 12, P < 0.0001, N = 417

Observed/expected values are provided for each cell. +/- sign indicates that

observe values are greater or less than the expected values at alpha = 0.05 level.
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Table 4. Association of fruiting season with herbaceous vs. woody species
(A) herb vs. shrub vs. tree (B) flowering season (C), fruit type (D) and
dispersal vector (E) among Korean angiosperm species. Two-way

contingency table analyses were conducted using subset data.

Fruiting season

Ecological characters

Spring Summer Autumn_Winter
A. Herbs vs. Woody
Herb 1/3 49/31+ 115/131
Woody 6/4 19/37- 173/157

X? = 25.70, df = 2, P < 0.0001, N = 363
B. Herb vs. Shrub vs. Tree

Herb 1/3 47/31+ 102/116
Shrub 3/2 9/17- 70/63
Tree 2/2 10/18- 75/67

X* = 2140 df = 4, P = 0.0003 N = 319

C. Spring vs. Summer vs. Autumn

Spring 3/1 38/17+ 52/74-
Summer 0/4- 29/43- 201/182
Autumn 4/1+ 1/7- 35/32+

X% = 61.95, df = 4, P < 0.0001, N = 363
D. Dry vs. Fleshy
Dry 2/5 52/46 186/189
Fleshy 5/2+ 16/22 93/90
X* = 744, df = 2, P = 0.0242, N = 354
E. Biotic vs. Abiotic vs. Mixed

Biotic 2/1 13/14 61/60
Abiotic 3/5 51/45 183/188
Mixed 2/1 3/8 37/33

X® = 7.04, df = 4, P = 0.1338, N = 355

Observed/expected values are provided for each cell. +/- sign indicates that

observed values are greater or less than the expected values at alpha = 0.05

level.
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Table 5. Association of fruiting season with flowering season (A), fruit type (B) and dispersal vector (C)
among Korean angiosperm species after controlling for life form. Two-way contingency table analyses

were conducted using subset data.

Fruiting season

Herbaceous species Woody species
Ecological characters
Spring Summer Autumn_Winter Spring Summer Autumn_Winter
A. Flowering season
Spring 1/0+ 27/9+ 2/21- 2/2 11/6+ 50/55
Summer 0/1 22/32 85/75 0/4- 7/12 116/107
Autumn 0/0 0/8 28/20+ 4/0+ 1/1 7/10
X* = 74.80, df = 4, P < 0.0001, N = 165 X* = 4842, df = 4, P < 0.0001, N = 198
B. Fruit type
Dry 0/0 44/45 106/104 2/3 8/9 80/78
Fleshy 1/0+ 5/4 7/9 4/3 11/10 86/88
X* = 12.36, df = 2, P = 0.0021, N = 163 X* =073, df = 2, P = 06955, N = 196
C. Dispersal vector
Biotic 0/0 3/3 8/8 2/2 10/6 53/57
Abiotic 1/1 42/39 89/92 2/3 9/10 94/91
Mixed 0/0 3/6 16/13 2/1 0/2 21/20
X* =238, df = 4, P = 06671, N = 162 X* =761, df = 4, P = 0.1069, N = 193

Observed/expected values are provided for each cell. +/- sign indicates that observed values are greater or

less than the expected values at alpha = 0.05 level.
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Figure 1. Number of fruiting species at each month of the year
among angiosperm species in Korea. The overall data (N =
1177) included all species examined, while the subset data (N =
363) included only species each selected randomly from each

genus of angiosperm families.
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Figure 2. Frequency distribution of maturing duration of Korean
angiosperm species. The overall data (N = 1177) included all
species examined, while the subset data (N = 363) included
species each selected randomly from each genus of
angiosperm families. Lines weve drawn to show generd trends

of flowering duration among examined.
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Figure 3. Number of fruiting species of seven large families at
each month. N for each family is as follows: Caprifoliaceae N

= 41; Compositae N = 71; Leguminosae N = 58; Liliaceae N

= 42; Ranuculaceae N = 46; Rosaceae N = 119; Salicaceae N

= 40. Lines weve drawn to show generd trends of fruiting

species of diverse femilies.
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Adstr, =dA = 6€ol 7iEtete] 9do Ao skl A
.= 5(2001)2 FeEkabe] ar4kAEo FA)
I AFZRIH(RF 3 ~ E)E AL gREe
Ist71 =78 1 ~ 270 olel Ad=3vhal shdv).
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ML DAt o Sw el ww
QB AL oEhAR, o el S FRUBL {9 D3, YE
Aol old) WabE Aoz HEdch AFAY P YL
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ABSTRACT

Ecological patterns of fruiting phenology in Korean

angiosperm species

Ahn, Eunkang
Major in Biology Education
Graduate School of Education

Sungshin Women'’s University

The fruiting phenology is an important trait contributing to
plant fitness, and is often described by fruiting time and maturing
duration from flowering to fruiting. However, it is difficult to
identify selective factors affecting fruiting phenology partly
because the latter is known to be correlated with diverse
ecological factors. Phylogeny of plants may be another factor
confounding the relationships between fruiting phenology and
ecological factors. I examined the relationship between fruiting
phenology and ecological characters such as flowering season, life
form, fruit type, and fruit dispersal vector to infer the evolutionary
pattern of fruiting phenology of Korean angiosperm species.

Information on fruiting phenology and ecological characters
was obtained from monographs treating 3,033 angiosperm species
in Korea (2 classes, 48 orders, 164 families, and 918 genera).

Concurrently, taxonomic membership was also noted for each



species. Analyses were conducted based on three data sets: 1)
overall data set including all species examined, 2) subset data set
including species randomly selected from each genus, and 3)
family data set including species of seven large families. After
evaluating the overall pattern of fruiting phenology and
phylogenetic effects at the family level, I examined the relationship
between fruiting phenology, mainly fruiting season, and ecological
characters using subset data.

In overall data, species producing fruits in autumn e.g.,
October and September (45.6% and 25.6%), were most abundant,
followed by those fruiting in summer (20.3%) and spring (3.2%).
Distribution of ecological factors examined was as follows.
Herbaceous species was three times more abundant than woody
species (75.6%6 vs. 24.4%); species producing dry fruits were six
times as many as those with fleshy fruits(85.5% vs.14.5%);
species involved with abiotic vectors were about three times more
abundant than those with biotic vectors (76.7% vs. 23.3%%). Among
the seven large families, certain families tended to fruit in certain
seasons, suggesting the influence of phylogeny at the family level
on variations in fruiting season. The two-way contingency tables
of fruiting season and each ecological character based on the
subset data showed that fruiting season was associated with
flowering season, life from, and fruit type, but not with fruit
dispersal vector. However, in subsequent analyses for each life
form, the relationship between fruiting season and ecological

characters differed between life forms. Herbaceous species



flowering in autumn produced fruits in the same season, whereas
woody species flowering in autumn tended to mature fruits in
next spring. This result reflects a longer maturing duration for
woody species than herbaceous species. Unlike my hypothesis, the
evidence that species fruiting in autumn bore fleshy fruits was not
obvious in both life forms. On the other hand, the association of
autumn fruiting with biotic vectors was detected weakly only in
woody species.

After all, this study reveals that 1) three—fourths of Korea
angiosperm species produce fruits in autumn, 2) related species of
certain families are constrained in fruiting phenology, and 3)
woody species spend longer time to mature fruits, but commonly
observed correlations such as woody species bearing fleshy fruits
or fruiting in autumn are not so evident in Korean angiosperm
species. Further study to identify the major selective factors
affecting fruiting phenology is urgently needed in particular under

rapid global climate change.
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