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Seeding experiments to use native unpalatable plants for revegetation
in sika deer-grazed areas in the Chichibu mountains
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Fig. 1. Location of the University of Tokyo Chichibu Forest and study sites.




A EET ORI BT 2 AIEEREZ X 5 4L 720 ORI 45

19FKBE (2014104582

20FATE (201411322

= 2. BMAL L 7oAk SR DRI IEAT 3me 19 MREEDBEL RATIED 2 A,
Fig. 2. Bare land area in the three sites. Props were set at 3 m intervals. Trees on the upper side of the picture of

the 19th forest compartment (upper panel) were covered by vines.
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Fig. 3. Experimental design, with pairs of fenced and unfenced plots. In each plot (4 x 4.5 m), 14 quadrats (1 x 1
m) were randomly selected for seeding (n = 10) or control (n = 4) treatments (two of the 16 quadrats shown in the
figure were excluded).
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Table 1. Occurance, cover and maximum height of seeded species and total cover and maximum height of

vegetation at each quadrat.
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19HRBEA 1946HEB O8WHEA  28HKHIB 29MKBEA  294KBEB
a1 P SO 12 S 20 4 O oV N 4 2 IO SO O
HEL-EOME. A A A A A A A A A A A A
B (%) 35 2 85 1 85 2 85 3 93 15 85 20
TRV EREX IR (em) 40 5 43 5 50 9 70 7 56 21 66 14
g (%) 40 10 9 30 90 50 90 25 95 65 90 45
BRI E (em) 40 12 43 25 50 12 70 7 56 38 66 36
HELEOHB. ® O/ fF A HOOA ® OOk " A A A
EE (%) 2 8 5 4 1 5 20 40 60
FAINVHEREX R (em) 8 14 10 25 14 45 16 39 15
FgEsR (%) 5 8 80 25 60 10 55 30 80 80 80 70
e TON(S ) 25 12170 11 28 14 23 9 45 31 40 23
HELEOMEB. ® O/ fF  f e & -
B (%) + + 1 10 +
ANUYRIaEEX oRKE (em) 4 5 6 9 6
g (%) 45 8 70 80 70 30 70 20 60 60 80 40
LR RE (em) 31 12 49 6 23 7 45 10 43 22 46 31
FERELCMEOHE & M I T I T
HEEE (%) 1
RS AR R (em) 5
FBER (%) 1 4 40 20 80 20 50 20 80 70 90 20
ERERE (cm) 3 5 30 10 23 17 24 6 33 21 49 37
FERL-MEOME % M o i I T Hoo®fF &
BEEE (%) + 1 H
THV AHFEREK K (em) 6 34 5
R (%) 25 3 80 60 60 30 5 30 60 55 60 10
ERERE (cm) 36 4 39 14 37 20 23 7 34 28 61 28
F AR L A T I T [ [
BEEE (%)
TR Bk (em)
B (%) 50 4 35 40 70 50 40 40 75 45 70 25
AREKRE (cm) 35 5 65 11 38 18 8 30 51 25 41 32
HRL-EOME fF fF ® O Of 5 A A f ® A A f
. o BWEE (%) 1 + 2 1 + 10 3 1 1 1
%%%7%777 NG 5 3 13 5 6 33 9 415 13
R (%) 25 10 60 25 80 10 50 10 60 45 60 35
ERHERE (cm) 40 13 85 13 30 6 33 9 54 15 52 37
WHELEOHE. # #/ f f " A A f ® A A f
B (%) 3 1 3 1 1 2 15 4 + 45 15
YT Y REREX e (em) 8 6 9 5 6 6 15 8 4 39 9
THBER (%) 10 8 20 50 30 40 30 40 50 30 100 40
iR (cm) 16 13 25 10 27 8 15 9 46 30 55 32
WRLCEOME & o/ O A R - A A &R
B (%) 1 4 + + + 1 1 1
TV IIHERX KR (em) 6 19 5 4 4 5 8 9
= (%) 3 5 40 25 60 5 60 10 70 60 90 35
ERUSTENGI W) 7 7 19 5 40 13 13 7 38 38 45 29
wELEOHEB. A A f A T I T 1 o
BEE (%) + + 1 + +
Vav 7R X IR (em) 4 1 10 2 5
= (%) 45 2 50 40 70 50 60 10 75 75 70 20
R E (em) 42 8 55 8 40 10 17 9 37 37 64 60
e R (%) 20 360 25 50 30 25 10 65 60 95 30
EREKRE (cm) 15 10 140 16 33 14 15 6 38 30 43 29
SR e (%) 30 10 8 80 40 30 60 10 85 60 30 15
EXSToNE ) 41 10 55 11 40 10 50 7 45 27 56 46
SRS = (%) 40 5 30 30 80 40 10 30 60 50 70 25
EREKRE (em) 61 4 145 15 40 16 10 10 36 39 48 30
SR 4 fii e (%) 55 4 15 40 80 15 30 25 80 60 95 40
ERERE (cm) 35 9 16 8 35 15 10 5 42 46 52 38
N - fiEt= (%) 36.3 5.5 47.5 43.8 62.5 28.8 31.3 18.8 72.5 57.5 725 27.5
PR AR (em)  38.0 8.3 89.0 125 37.0 138 21.3 7.0 40.3 355 49.8 35.8
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Fig. 4. Relative frequency of quadrats in which one or more seedlings emerged. N = 12 for seeded quadrats (left
bar), N = 48 for control quadrats (right bar). Gray, fenced; white, unfenced.
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Fig. 5. Percentage cover of the ten plant species after seeding. Gray, fenced; white, unfenced. The columns and
error bars represent means and standard errors, respectively.
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Fig. 6. Fenced (upper) and unfenced (lower) quadrats one year after seeding in the 28th forest compartment.
Microstegium vimineum was seeded in the bottom left quadrat.
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Fig. 7. Unfenced quadrats at one (upper) and two (lower) years after seeding in the 29th forest compartment.
Bottom left shows a quadrat seeded with Muhlenbergia japonica.
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Fig. 8. Maximum height of the ten species seeded. Gray, fenced; white, unfenced. The columns and error bars
represent means and standard errors, respectively.
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Fig. 9. Mean vegetation cover in fenced and unfenced plots at each site. Gray, fenced; white, unfenced. Leftmost
bars are the averages of four control quadrats at each site. Other bars are averages of two replicacte quadrats for
each species at each site.
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Fig. 10. Pterostyrax hispida saplings in the 28th forest compartment.
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Summary

In this study, seeding experiments were used to develop a revegetation technique that uses
unpalatable plant species native to the Chichibu Mountains, where vegetation is heavily grazed
by sika deer. In November 2014, seven unpalatable and three palatable plant species were seeded
both outside and inside the sika deer exclusion fences in bare land areas in the University of
Tokyo Chichibu Forest. Vegetation surveys were conducted in September 2015. One year after
seeding, the effects of the fence were prominent on the vegetation cover, whereas the effects of
seeding were very limited. The unpalatable weeds Microstegium vimineum and Muhlenbergia
Japonica densely covered the fenced plots and, although their cover was considerably lower in
the unfenced plots, it was more than 10% in some quadrats. Therefore, both M. vimineum and
M. japonica may be suitable species for rapid revegetation if the effect of deer herbivory can be
reduced. Seeding with tree species had little effect on the vegetation cover due to their low
germination rates. However, the unpalatable tree species Pterostyrax hispida germinated in
several quadrats and even survived in unfenced plots. Therefore, P. hispida may also be useful
for forest revegetation if its germination rates can be improved.

Keywords: unpalatable species, seeding, revegetation, Chichibu Mountains, deer exclosure
fence
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