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Research note

Natural Seeding and Seedling Occurrence in the
Chamaecyparis Forest at Chilan Mt. Area
Nai-Hang Chang,"”  Yen-Ray Hsui,”” Fu-Wen Horng,"

Han-Ming Yu,” Fu-Ching MaV

[ Summary ]

Chamaecyparis formosensis and Chamaecyparis obtusa var. formosana are 2 important tree
species in the cloud forest zone in Taiwan. Because their wood quality and price are high, they
have long been the major harvested timber species. Whether current harvesting of snags and
downed logs in the natural Chamaecyparis forest at Chilan, north Taiwan, causes negative or
positive impacts on Chamaecyparis regeneration is a concern of all parties involved in
Chamaecyparis forest management issues. We tried to estimate natural seeding and seedling
survivor patterns on forest floors with different time spans after harvesting of snags and downed
logs at Chilan. Three sites along forest roads 130, 160, and 170 were selected to represent sites
1, 8, and 14 years after snag and downed log harvesting, respectively. Results indicate that the
numbers of seeds collected at the 3 sites did not significantly differ from each other, but their
germination rates differed. As to weeding and weeding with soil disturbance, these 2 practices
did not significantly enhance seedling occurrence or survival rates. The Chamaecyparis forest has
a very obvious recurring mast year every 3-5 years, and it is recommended that harvesting op-
erations be conducted in mast years. Under such circumstances, the seedbed would have been
recently prepared, and weed and shrub competition eliminated by the harvesting operation. On
the other hand, the higher survival rate of seedlings on downed logs indicates that leaving some
large downed logs on the ground is beneficial to seedling establishment. But, the number of
large downed logs that should be left needs to be further studied.

Key words: Chamaecyparis formosensis, Chamaecyparis obtusa var. formosana, snags, downed
logs.
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TEXT

Chamaecyparis formosensis and
Chamaecyparis obtusa var. formosana are 2
important tree species in the cloud forest
zone in Taiwan. Because of their valuable
wood, they have long been the major har-
vested timber species. In recent years, some
environmental groups have claimed that if no
urgent action is taken to protect Taiwan's
Chamaecyparis natural forests, islandwide,
Chamaecyparis will disappear or even be-
come extinct in Taiwan. The Chamaecyparis
natural forest at Chilan, northern Taiwan, is
the focal point of their concern. However,
natural regeneration of Chamecyparis at
Chilan is viewed as being extremely success-
ful and has attracted the attention of forestry
professionals in Taiwan and from around the
world as well.

A Japanese forest scientist conducted a
pioneering but very intensive study on the
natural regeneration of the Chamaecyparis
forest in the vicinity of Chilan during 1930S
(Matuura 1942). Since then, many statements

concerning the mast year, seed dispersal
patterns, seed germination on the forest floor,
and seedling establishment and growth have
been derived from observations and
experience, especially by Lo-cho (1989).
Recently, Lin and Lai (1999) studied the
natural regeneration of Chamaecyparis
formosensis in central Taiwan, and obtained
good information. But whether the current
practice of harvesting snags and downed logs
in the natural Chamaecyparis forest at Chilan
causes negative or positive impacts on
Chamaecyparis regeneration still concerns
all parties involved in Chamaecyparis man-
agement issues.

The purpose of this study was to esti-
mate natural seeding and seed germination on
the forest floor with different time spans af-
ter harvesting of snags and downed logs at
Chilan. It was hoped that natural regenera-
tion patterns of the Chamaecyparis forest in
the seedling stage at Chilan could be clarified,
and the impact of snag and downed log har-
vesting on their natural regeneration could be
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evaluated.

In November 1999, 3 sites, 1 each along
forest road 130 (site #130) (logged in 1997-
98), 160 (site #160) (logged in 1990-91), and
170 (site #170) (logged in 1984-85), were
selected to represent sites 1, §, and 14 years
after snag and downed log harvest, respectively.
These sites have not been planted or tended
after harvesting. Currently site #160 consists
of a Chamaecyparis obtusa and Chamaecyparis
formosensis mixed stand, has a hardwood
subcanopy, and a 90 % ground vegetation
cover, but sites #170 and #130 consist of pure
Chamaecyparis obtusa stands with no hard-
wood subcanopy, and there is 80% and 30 %
ground vegetation cover, respectively. At
each site, ten 1 X 1 m traps were installed 1 m
above the ground under tree crowns or in
gaps, with traps being at least 30 m away
from each other. The 30 m we selected is
presumably the dispersal distance of
Chamaecyparis seeds, based on past experi-
ence of dispersal distance being 1.5 times the
mean tree height and 20-25 m being the natu-
ral tree height of the Chamaecyparis forest at
Chilan. However, the actual distances of the
traps installed in gaps were not so precise.
For each trap, the canopy status was recorded
as gap or non-gap. In January, March, and
April 2000, seeds fallen in the traps were
collected, counted, mixed with 5 times the
volume of wet sphagnum, sealed in plastic
bags, and places in 20°C incubators for 1
month to estimate germination rates.

At each of the 3 sites, 2 canopy statuses,
gap and non-gap, were selected. For each
canopy status, 2 strips of weeding and 2
strips of weeding with soil disturbance to 5
cm deep were established with a control strip
in November 1999. Each strip was 1 X 10 m.
In March and April 2000, newly germinated
seedlings were marked and counted. The
seedling occurrence on microsites (bare
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ground, downed logs and rock) was counted
separately. Seedling survival rates were com-
pared in term of percent of seedling surviv-
ing at each microsite after 5 months (residual
no. of seedlings after 5 month/ total no. of
seedling occurring).

Data analysis

Natural seeding and seed germination
rates were analyzed using ANOVA with a
split-plot design. The main plots included 3
sites, and the subplots included 2 canopy
statuses (gap and non-gap), with 4 replicates
for each of the total 6 treatments. ANOVA
with a spilt-plot design was applied to
analyze the effect of site, canopy status, and
ground treatment on seedling occurrence and
survival, with sites as whole plots, canopy
statuses as mid-plots, and ground treatments
(weeding, or weeding with soil disturbance)
as subplots. Each treatment had 4 replicates.

Chamaecyparis natural seeding and seed
germination

The number of seeds collected at the 3
sites did not significantly differ from each
other (Table 1). This implies that fruiting rate
is not influenced by snag and downed log
harvesting, despite the existence of various
conditions of living trees at the sites. The
germination rate under growth chamber con-
ditions (20°C) was significantly lower for
seed of site #160 (26 %) (Tables 1 and 2). But
the number of seeds collected for the non-
gap status was 1.3-4.0 times higher than that
for the gap status, which significantly
differed. The openness of the gap might not
be beneficial to trap seeds falling from above.
However, seed germination rates between
seeds collected from gap and non-gap areas
did not significantly differ. Because traps
situated in gap areas were 30 m away from
tree crowns, results might imply that lighter
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Table 1. ANOVA of seeds and their germination rates of 3 sites, with 2 canopy statuses

Source of variance Df Seeds colleted Germination rates
Replication 3
Site ! 2 0.43ns ? 35.89a”
Error A 6
Canopy status ¥ 1 21.19a 2.77ns
Site X canopy status 2 2.54ns 1.00ns
Error B 6
" Site: 3 sites are coded as road, #130, #160, and #170.
* ns: non-significant at the 5%level.
¥ a: difference significant at the 1% level.
 Canopy status: non-gap and gap status.
Table 2. Number of seeds/m? collected in traps and their germination rates
Site Gap (n =10) Non-gap (n = 10) Mean
No. of seed Germ. (%) No. of seed Germ. (%)  No. of seed Germ. (%)
#130 1506 43.8 2851 39.6 1952a" 40.1a
#160 1998 24.6 2708 29.9 2353a 26.5b
#170 891 45.2 3740 48.4 2316a 45.4a
mean 1316b 3100a

Y Values labeled by the same letter in a column do not significantly differ at the 5% level according to Duncan's

multiple range analysis.

defective or empty seeds flew no farther than
did well-developed seeds. If seed dispersal is
quite even in a well-stocked stand, approxi-
mately 20 million seeds/ha will be produced
and nearly 6.5 million viable seeds/ha will
be available for natural generation in natural
Chamaecyparis forests of Chilan.

Seedling occurrence and initial survival
Seedling occurrence and initial survival
rates significantly differed among the 3 sites
(Table 3). The ground vegetation coverage
rate was 30%, 80 %, and 90 % for sites #130,
#170, and #160, respectively. This shows a
trend of increasing coverage with time after
snag and downed log harvesting of 1, 8, and
14 years, respectively. Of these 3 sites, only
site #160 contains a subcanopy of hardwood
trees. Seedling occurrence and survival rates

at sites #160 and #170 were apparently lower
than these of site #130 (Table 4). The dense
subcanopy of hardwood trees at site #160 and
ground vegetation coverage at sites #160 and
#170 may have contributed to this result.
Some degree of artificial disturbance, such
as weeding and/or seedbed preparation may
be favorable (Hung 1984). Zobel (1980) in-
dicated that soil disturbance was beneficial
to seedling establishment of Chamaecyparis
lowsoniana in Oregon, USA. The highest
seedling survival rate at site #130, disturbed
recently by removal of snags and downed
logs, supports this view. Weeding or weed-
ing with soil disturbance between gap and
non-gap plots within the 3 sites did not sig-
nificantly increase seedling occurrence or
survival rates when compared to the control
strips, although their performance appeared



EEMEERE 16(4):321-6,2001

325

Table 3. ANOVA for the number of seedlings and their survival rates with the split-split-plot design

. Calculated F

Source of variance Df - -
No. of seedlings Survival rate

Replication 3
Site 2 67.08a " 14.76a
Error A 6
Canopy status 1 1.12ns? 3.12ns
Site X canopy status 2 0.61ns 1.68ns
Error B 6
Treatment®’ 2 0.13ns 0.00ns
Site X treatment 4 0.68ns 0.45ns
Canopy status X treatment 2 0.20ns 1.62ns
Site X canopy status X treatment 4 0.08ns 1.21ns

Error C

W
N

" a: difference significant at the 1% level.
% ns: non-significant at the 5% level.

* Treatment: weeding, and weeding plus soil disturbance.

Table 4. Mean number of seedlings and survival rates
among different sites

Site Canopy No. of seedlings /m’ Avg. survival
status  Treat, w" Treat. d? Control rate (%)
gap 84.2 75.0 75.0
#130 40
non-gap 97.3 92.7 51.1
gap 4.0 6.4 3.2
#160 17
non-gap 2.2 4.5 1.1
gap 8.6 13.7 5.8
#170 21
non-gap 9.0 26.7 6.1

" Treat. w: weeding treatment.

? Treat. d: weeding treatment with soil disturbance.

Table 5. Occurrence of Chamaecyparis seedlings
on microsites at Chilan

Survival rate (%)

Microsite
#130 #160 #170
Downed logs 52.0a 25.7a  28.4a
Rocks 17.9b 23.0a 20.8a
Bare soil 39.8a 17.3a 14.5a

Values labeled by the same letter in a column do not
significantly differ at the 1% level according to

Duncan's multiple range analysis.

to be better then the control (Table 4). This
might be due to the disturbance of recent
logging at site #130 being more intense than
the disturbance treatment we carried out.

As to the effect of microsites formed by
downed logs, rocks, and bare soil, the seed-
ling survival rates on these 3 microsites dif-
fered between site #130 and the other 2 sites.
At site #130, seedling survival rates on both
downed logs and bare soil were significantly
greater than that on rock, while at sites #160
and #170, no significant differences were
found among the 3 microsites (Table 5). The
low ground cover (30%) at site #130 may
have caused this difference from the other
sites. We presume that higher seedling sur-
vival rates on both downed logs and bare soil
at site #130 would decrease to nearly simi-
lar rates as those occurring at sites #160 and
#170 when the vegetation coverage increased
to 80%.

Weeding and weeding with soil distur-
bance did not significantly enhance seedling
occurrence or survival rates although sur-
vival rates in control strips were low. More
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replicates are needed to obtain a solid con-
clusion for this aspect.

Although seed germination rates in the
forest were estimated to be only 0.05-2 % in
this apparent mast year, the forest would still
recruit nearly 10,000 seedlings at the initial
stage of natural regeneration. If the lowest
initial survival rate is applied, at least 1,660
seedlings will survive on the site with a dense
subcanopy of hardwood trees at site #160.
This is not bad for Chamaecyparis natural
regeneration. For the recently harvested site
with few subcanopy hardwood trees at site
#130, seedling occurrence might reach 150,
000 seedlings/ha. This can be described as a
bumper year. Lin and Lai (1999) estimated
that seed production was about 1.5 million
seeds/ha, and the germination rate was 0.81%
in an old-growth Chamaecyparis formosensis
natural stand in central Taiwan in 1996. Both
results are quite close. Lo-cho (1989) re-
ported that there was a very distinct cycling
of mast years, and natural seedling occur-
rence could reach 7,000-12,000 seedlings/ha
in a mast year at Chilan.

Consequently, the Chamaecyparis for-
est has a very obvious recurring mast year
every 3-5 years. It is recommended that har-
vesting operations (if necessary) be conducted
in mast years. Under such circumstances, the
seedbed would have been recently prepared,
and weed and shrub competition eliminated
by the harvesting operation. On the other

hand, the higher survival rate of seedlings on
downed logs indicates that leaving some
large downed logs on the ground is benefi-
cial to seedling establishment. But, the num-
ber of large downed logs that should be left
needs to be further studied.
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