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Variation in fruit production of bird-dispersed tree species
- Data recorded between 2000 and 2009 in Sapporo, Hokkaido -

Shigeru MATSUOKA "

Abstract

Individual variations in fruit production of 6 bird-dispersed tree species (Sorbus alnifolia, Sorbus commixta,
Kalopanax pictus, Acanthopanax sciadophylloides, Magnolia obovata, and Actinidia arguta) were recorded for 10
years in a broad-leaved forest in Sapporo, Hokkaido, northern Japan. Individual locations of the fruit-bearing trees of
4 of the 6 specified species were also determined to assess the distribution patterns of the fruiting trees in the forest.
Annual fluctuations in fruit production were observed among the tree species. A large number of trees bearing fruits
and a large yield of fruit crops in a year constituted a “good” fruit year. The fruit-bearing trees were almost randomly

distributed, except for 1 species (4. sciadophylloides) that was strongly aggregated.
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FROEAKM TORFANBEHRL TWE T EARKBEN
Teo Flz, BHEMTOBEXIIFEFHLTWA XS ITEHZ
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Table 1. 7 X372 Sorbus alnifolia DFGFEFEIEDZS
Variation in fruit production of Sorbus alnifolia

L R AR -
individual il fruit production e
tree at b.reast height notes
number h(ilr%l})lt (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 15.9 13.0 1 0 0 0 0 0 0 0 0 0
2 28.0 16.6 3 0 0 2 0 3 0 2 0 2
3 16.9 11.8 1 0 0 0 0 1 0 0 0 0
4 17.5 12.4 1 0 0 0 0 1 0 0 0 0
5 26.1 17.2 2 0 0 1 0 2 0 1 0 1
6 24.8 16.3 2 0 0 0 0 3 0 0 0 0
7 24.8 16.3 3 0 0 3 1 3 0 2 0 3
8 32.5 17.4 3 0 0 3 0 3 0 1 0 3
9 17.8 11.5 3 0 0 3 0 3 0 2 1 2
10 19.7 13.0 3 0 0 2 0 3 0 1 0 3
11 24.5 13.7 0 0 0 3 0 3 0 1 0 3
12 34.4 17.0 3 0 1 3 1 3 0 1 0 3
13 30.9 17.2 3 0 1 3 2 3 0 2 1 3
14 24.8 15.5 0 0 0 2 0 2 0 0 0 1
15 16.9 12.0 1 0 0 1 1 1 0 0 0 - AS%E dead ('09)
16 28.6 19.3 3 1 1 2 0 3 0 2 0 1
17 32.1 19.6 3 0 0 1 0 2 0 1 0 1
18 29.0 20.8 2 0 0 1 0 2 0 0 0 1
19 24.8 13.4 1 0 0 1 1 2 0 1 1 1
20 33.1 16.8 1 0 0 2 1 3 0 1 0 2
RIAREL No.trees (N) 20 20 20 20 20 20 20 20 20 19
FEFAEL No.trees bore fruits (A) 18 1 3 16 6 19 0 13 3 15
FEFARENG A /N * 100 90.0 5.0 150 80.0 30.0 950 0.0 650 150 789

*0: fERAL L 1 ADEREE . 2 a3 B ERESE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 2. 27 75 Acanthopanax sciadophylloides O §5FZFERE DZ
Variation in fruit production of Acanthopanax sciadophylloides

N=RT1"4 p
mikgs WEHE SR *
individual iy fruit production i
free at b.reast height notes
number height (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(cm)
1 28.3 16.7 2 1 0 1 1 1 2 1 1 1
2 25.5 15.5 1 1 0 1 - - - - - - i34 stem broken ('04)
3 28.3 16.2 1 2 0 0 1 1 1 2 2 1
4 30.2 14.2 1 1 1 1 2 0 1 1 1 1
5 23.6 14.3 0 0 0 0 0 0 0 1 1 1
6 242 15.0 3 1 1 1 - - - - - - {#] fallen ('04)
7 18.8 15.0 0 1 0 1 1 1 1 1 0 - KH¥E dead ('09)
8 213 12.9 1 1 1 2 2 1 1 2 1
9 22.6 16.0 2 1 1 1 1 1 1 1 H4E dead ('08)
10 20.7 15.4 2 1 1 1 - - - - - - {4l fallen ('04)
11 25.1 17.7 1 1 1 2 3 1 1 2 1 1
12 38.8 18.0 1 1 1 2 3 0 1 3 1 1
13 15.0 10.6 0 0 1 2 1 1 1 3 1 1
14 23.6 10.0 0 0 0 0 1 0 0 1 1 1
15 15.6 11.6 1 1 1 1 1 1 1 2 1 1
16 17.5 12.1 1 1 0 0 0 0 1 1 0 0
17 24.8 15.5 3 1 1 3 3 1 2 3 1 2
18 223 15.6 1 1 1 1 3 1 1 3 1 1
19 15.6 14.0 3 1 1 3 3 1 1 3 1 2
20 15.9 13.5 1 1 1 1 1 0 0 1 0 1
21 19.1 13.6 1 1 1 3 2 1 1 2 1 1
22 16.9 12.5 1 1 1 1 1 0 1 1 1 1
23 25.8 15.7 3 2 1 2 3 1 3 2 1 2
24 25.5 15.9 0 0 0 0 0 0 0 1 1 1
25 21.0 15.7 3 2 1 2 2 1 1 2 1 1
26 20.7 15.2 3 1 0 1 2 1 1 2 1 1
27 16.9 13.5 0 1 0 1 1 0 0 1 0 0
28 21.6 15.0 2 2 2 1 2 1 2 3 1 1
29 21.3 14.6 2 2 0 1 3 0 0 0 0 1
30 13.7 10.0 3 2 1 3 3 1 1 3 1 3
31 11.5 11.0 2 1 0 1 1 0 0 2 1 0
32 16.2 12.7 3 2 1 3 - - - - - - &) fallen ('04)
33 24.5 12.8 3 3 1 2 3 2 3 3 2 3
34 11.8 7.5 0 0 0 1 1 0 0 1 0 0
35 21.6 12.1 3 2 2 3 1 3 1 1 0 0
36 22.6 16.0 3 1 1 1 1 3 1 3 1 1
RHAEL No.trees (N) 36 36 36 36 32 32 32 32 31 30
#EJEASE No.trees bore fruits (A) 29 31 23 31 29 20 24 31 24 25
FEFAREIA A /N * 100 80.6 86.1 63.9 86.1 90.6 62.5 75.0 969 77.4 833

* 00 RERARL L 1 ADERETE . 2 AT L 30 2RSS .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 3. 7NV £V Kalopanax pictus DFEFREEEDZE T

Variation in fruit production of Kalopanax pictus

b P
mikgs WEEE iR *
individual i fruit production fih
free at b.reast height notes
number h(ilr;gll;t (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 41.7 20.3 3 0 0 1 1 0 1 0 1 0
2 458 18.3 3 0 0 1 1 0 1 1 1 0 BT stem partly broken (04)
3 44.6 19.5 3 0 1 1 3 0 3 1 1 0
4 28.6 19.0 3 0 1 1 1 0 1 1 1 0
5 30.6 16.0 2 0 1 1 1 0 0 - - - AE%E dead ('07)
6 458 17.8 3 0 0 0 1 0 1 0 1 0
7 42.0 17.6 3 0 0 1 1 0 1 0 1 0
8 33.4 15.0 1 0 0 1 1 0 0 0 1 0
9 51.6 19.5 0 0 1 3 0 0 1 1 1 0
10 27.4 11.0 3 - - - - - - - - - ¥ stem broken ('01)
11 29.0 14.9 3 0 0 1 1 1 0 1 1 0
12 493 19.5 3 0 1 1 2 0 1 2 1 0
13 29.0 18.0 0 0 0 0 1 0 0 1 0 0
14 40.4 17.6 3 0 0 1 1 0 0 1 1 0
15 43.0 18.5 3 0 1 1 3 0 1 1 3 0
16 32.5 18.3 0 0 0 0 0 0 0 1 1 0
17 32.8 17.8 3 0 0 1 1 0 1 0 2 0
18 33.1 18.3 3 0 0 0 1 0 1 0 2 0
19 51.9 19.5 3 0 1 1 3 0 1 1 2 0
20 61.8 19.6 3 1 1 1 3 0 1 0 3 0
21 29.0 20.1 0 0 0 1 1 0 0 0 3 0
22 68.8 21.5 0 0 0 1 3 0 0 1 3 0
23 50.6 19.4 3 0 0 1 3 1 1 3 2 0
24 53.8 21.3 3 1 0 1 3 0 1 0 3 0
25 458 21.2 2 0 1 0 3 0 1 0 1 0
26 17.2 11.0 1 0 1 0 0 0 0 0 1 0
27 40.1 17.3 3 0 0 0 0 0 0 0 - - AhE dead ('08)
28 34.7 19.2 1 0 1 0 1 0 1 1 0 0
29 47.1 21.9 3 0 1 1 0 0 2 1 1 0
RHAEL No.trees (N) 20 28 28 28 28 28 28 27 26 26
FEFAEL No.trees bore fruits (A) 24 2 12 20 23 2 18 15 24 0
FETAREIG A/N * 100 82.8 7.1 429 714 821 7.1 643 556 923 0.0

*0: /592 U 1 AR gE . 2 iRl g L 3 2R

*: 0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 4. 154/ & Magnolia obovata D%EFRFEEE DE L
Variation in fruit production of Magnolia obovata

MATSUOKA, S.

ks AEE fira

individual iameter ﬁmj fruit production e
free at b.reast height notes

height (m) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

number (cm)
1 27.1 17.7 1 0 0 0 0 0 1 1 1 0
2 32.8 18.9 0 0 0 0 0 0 0 1 1 1
3 34.7 18.6 1 0 1 1 0 2 1 2 1 2
4 35.7 17.7 0 1 0 1 0 1 0 1 0 1
5 353 18.1 2 1 1 3 0 2 1 2 1 2
6 25.8 17.4 1 0 1 0 0 0 1 0 1 0
7 325 18.0 0 0 0 1 1 0 0 3 1 1
8 30.2 13.5 1 1 1 2 0 1 0 1 1 0
9 28.0 16.8 1 0 1 1 0 1 1 1 1 2
10 25.8 15.3 2 0 1 1 1 0 1 3 1 2
11 34.1 17.4 3 2 2 2 0 1 1 2 1 1
12 22.6 16.3 0 0 1 1 0 0 0 0 1 0
13 28.6 13.7 0 0 0 0 0 0 0 0 0 3
14 47.4 17.7 0 0 3 1 1 1 1 2 1 2
15 37.2 19.4 1 2 3 2 2 3 2 3 2 3
16 232 16.1 1 0 1 0 0 1 0 1 0 0
17 18.1 15.7 0 0 0 0 1 0 0 0 0 0
18 30.2 15.7 2 0 1 1 0 1 0 1 1 1
19 26.7 14.4 0 0 0 0 0 0 0 1 0 0
20 18.5 11.5 0 1 0 0 0 1 0 0 0 1
21 18.8 11.6 0 0 0 0 0 0 0 0 0 1
22 31.8 18.0 1 0 1 1 1 1 1 2 1 1
23 325 20.0 2 1 3 2 2 3 3 3 1 2
24 19.1 17.1 1 0 0 1 0 0 0 1 1 0
25 19.1 13.5 0 1 1 0 0 0 0 0 0 0
26 15.0 11.3 0 0 0 1 0 0 0 0 0 0
27 26.1 12.5 0 0 1 0 - - - - - - HhSE dead ('04)
28 26.4 18.7 0 1 1 0 0 1 1 1 0 1
29 344 18.5 0 0 0 0 0 0 0 1 0 1
30 29.6 21.0 0 0 0 1 0 0 0 1 0 1
31 26.1 11.7 0 0 1 0 0 0 0 0 0 0
32 213 12.0 1 1 0 1 0 0 0 0 0 1
33 12.7 9.1 0 0 0 0 0 0 0 1 0 1

RIAREL No.trees (N) 33 33 33 33 32 32 32 32 32 32

FEFAEL No.trees bore fruits (A) 15 10 18 18 7 14 12 22 17 21

FEEAEIE A/N * 100

455 303 545 545 219 43.8 37.5 68.8 53.1 65.6

*0: f5FR L . 1 DRSS 2 rhEREE 3 B EkETE.

*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 5. ¥ )V T Actinidia arguta OFEFFEE O HE
Variation in fruit production of Actinidia arguta

FEFARIGE *
k&S fruit production ik

individual tree number notes
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1 3 2 0 1 0 0 1 0 0 0 —#EEHTN stem partly broken ('04)
2 3 1 3 1 0 0 1 1 1 1
3 3 2 2 2 3 2 3 1 3 1
4 3 3 3 2 2 1 2 1 1 1
5 3 1 2 2 1 1 2 1 2 1
6 1 0 1 2 1 1 2 3 2 2
7 2 2 2 2 3 1 2 3 1 1
8 3 0 3 0 2 1 3 1 1 2
9 2 2 1 1 1 1 2 1 1 1
10 3 0 1 1 1 0 1 0 0 0
11 2 3 2 1 2 2 2 1 2 1
12 1 0 0 1 1 1 1 1 0 1
13 3 1 3 3 3 2 3 1 3 2
14 2 1 2 2 3 1 2 3 2 1
15 3 0 1 1 2 1 2 2 2 - HFE dead ('09)
16 2 2 2 2 3 1 1 2 2 1
17 3 1 2 1 2 1 3 2 2 2
18 3 1 2 1 1 2 2 - - - HE dead ('07)
19 2 3 2 2 3 3 2 2 1 1
20 1 3 1 3 2 1 3 2 2 2
21 2 1 3 1 1 0 2 0 1 1
22 - 1 2 2 1 0 1 1 2 1
23 - 3 2 2 2 1 2 1 1 1
24 - 1 1 1 1 1 1 1 1 1
25 - 1 2 2 1 1 1 2 1 1
26 - 2 2 1 1 1 1 1 1 1
A% No.trees (N) 21 26 26 26 26 26 26 25 25 24
FEFRAE No.trees bore fruits (A) 21 21 24 25 24 21 26 22 22 22
FEFARENEG AN * 100 100 80.8 923 96.2 923 80.8 100 88.0 88.0 91.7

*0: RERAL L 1 ADEESE . 2: a3 B ERETE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.
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Table 6. 77 /1< K Sorbus commixta DFEFTFEEEDZE
Variation in fruit production of Sorbus commixta

TR *
A= fruit production fii%
individual tree number notes
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 3 0 1 1 1 0 1 1 2 1
2 3 0 1 2 2 1 1 1 2 0
3 3 0 0 1 3 1 1 0 1 1
4 3 0 0 1 3 1 1 1 2 1
5 3 0 1 2 2 0 1 1 3 0
6 3 0 2 3 1 2 1 2 2 1
7 2 0 1 3 1 1 1 1 2 0
8 3 0 1 3 2 1 1 1 2 0
9 3 0 1 3 2 1 2 1 - - HFE dead ('08)
10 3 0 1 3 2 1 2 1 3 0
11 3 0 1 2 1 1 1 1 1 0
12 3 0 1 3 2 1 1 1 3 1
13 3 0 1 3 3 2 1 1 3 0
14 3 0 1 3 2 1 2 2 3 1
15 3 0 1 3 2 0 2 2 2 0
A% No.trees (N) 15 15 15 15 15 15 15 15 14 14
HEFAEL No.trees bore fruits (A) 15 0 13 15 15 12 15 14 14 6
FEFRENEG A /N * 100 100 0.0 86.7 100 100 80.0 100 93.3 100 429

*0: fERAL L 1 DERESE . 2 hiEkG R L 30 B ERETE .
*:0: no fruits produced. 1: low fruit production. 2: moderate fruit production. 3: high fruit production.

Table 7. #5392 L 7=k D55 FakE D

Spatial distribution of fruit-bearing trees

s avrIro - *
* So;fbuxs:‘;lz—i]glia A_canthop anax Kalo}p\aizj):c ]gictus Magjo;—a/ojovata
year sciadophylloides
N R Significance N R Significance N R Significance N R Significance
2000 18 1.06 ns 29 041 *x 24 1.03 ns 15 121 ns
2001 1 - - 31 042 ok 2 - - 10 1.06 ns
2002 3 - - 23 0.52 Hox 12 121 ns 18  0.84 ns
2003 16 1.12 ns 31 0.62 *E 20 0.73 * 18 0.78 ns
2004 6 - - 29  0.58 ** 23 095 ns 7 - -
2005 19  1.04 ns 20 0.53 * 2 - - 14 083 ns
2006 0 - - 24 045 ** 18 098 ns 12 0.79 ns
2007 13 073 ns 31 0.61 ** 15 0.78 ns 22 115 ns
2008 3 - - 24 0.57 ok 24 094 ns 17 093 ns
2009 15 072 ns 25  0.55 ok 0 - - 21 090 ns
all years 20 1.03 ns 36 0.61 ok 29 1.03 ns 33 0.81 ns

1) A fR#T &, LB EEE (Clark & Evans 1954, Sinclair 1985) % I\ 7z, Analyses were done by the nearest neighbor
distance method.

N B UTBIARE. (N>=10 DFEICH AT 217> 72).  Number of fruit-bearing trees (analyses were done for the years that the
sample sizes are more than 10).

R: IVALDHOLEEER= 1, R> 113 —2ftER. R <1 13ERAEMRZELT. R = 1: random distribution, R < 1:
trend in degree of aggregation, R > 1: trend in degree of dispersion.

Significance : *, ** &, 5%, 1 % HFEALAZZTNEFN/RL TWS, * ** 5percent and 1 per cent level of significance,
respectively.
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Fig. 2. 7 A&+ DFEE T & OREFEAROAMER, FEEE D (BR) . 2 (REODSL) . 3 (FRED
DEL ) DHEIR,
Locations of Sorbus alnifolia trees that bore fruits in each year. Black circle: low fruit production;
green dot: moderate fruit production; red dot: high fruit production.
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Fig. 3. 227 7 I DFEE T L DREFARDAE RN, FEEME 1 (BR) . 2 (MEDDHL).
3(HFRBEHDERL ) DHER,
Locations of Acanthopanax sciadophylloides trees that bore fruits in each year. Black circle:
low fruit production; green dot: moderate fruit production; red dot: high fruit production.

BB HIRTEES 565 11 %3 2, 2012]



Variation in fruit production of bird-dispersed tree species - Data recorded between 2000 and 2009 in Sapporo, Hokkaido - 193

2000 2002 2004
L] [+ [J
2001 2003 3
] 0%
HERKEN =R REN HERENE
- o
— ] = R N
— — —o— e
. R .
U — b Gl
(o] ) [ ]
| I '.
2005 ° 2007 O 2009
eV L9 — I i
_— 2006 2008 —
® [}
L] ] L] L] L] B
o
o I OO O = B O O e o
I L o | ° I
. R lo | R .
o &®
- o L R L
| o | | @ |
oo Y 0 100™M
—J | S —

Fig. 4. NU F VY DEL T & OREFARDAIER, FERBE L (BAL) . 2 (MREODEHL) .
3(HFRBEOHDEREL ) DHER,
Locations of Kalopanax pictus trees that bore fruits in each year. Black circle: low fruit
production; green dot: moderate fruit production; red dot: high fruit production.
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Locations of Magnolia obovata trees that bore fruits in each year. Black circle: low fruit
production; green dot: moderate fruit production; red dot: high fruit production.
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Sorbus alnifolia Acanthopanax sciadophylloides
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Annual variations in the level of fruit production. White: no fruits produced; black: low
fruit production; green: moderate fruit production; red: high fruit production.
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Distributions of the diameters at breast height and tree heights of the fruit-bearing trees. Sa: Sorbus
alnifolia, As: Acanthopanax sciadophylloides, Kp: Kalopanax pictus, Mo: Magnolia obovata.
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Photo 1. 77/~ FOFEEREDFZLHF (Table 6. (HA%S 14) . 5 O, ZDEDOKFEEZ
AR (0: MERAL L1 ADRRETE . 20 a3 RS,

A case of annual variation in the level of fruit production of Sorbus commixta (individual number 14
in Table 6). Numbers on the upper right corner indicate the level of fruit production for the year. 0: no
fruits produced; 1: low fruit production; 2: moderate fruit production; 3: high fruit production.
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