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Fig. 1. The frequency distribution of relative light intensity in the mixed pine forest. Upper
values show the frequency in sunny day and lower ones show that in cloudy day. The
measurements are taken at more than one hundred points from 1la.m. to 12a.m.
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Fig. 2. Seasonal changes of light and temperature regimes in the mixed pine forest. Filled
circles, mean total light; open circles, mean ilght of sunfleck; crosses, cover degree of
sunflecks. Solid line shows monthly mean temperatures.
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Fig. 3. Seasonal changes of survivorship percentage of seedlings of Trachycarpus fortunei
in the mixed pine forest.
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Fig. 4. Temperature regimes of maximum and minimum in the Institute for Nature Study
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Open circles, measured at the open site; filled circles, measured in the mixed pine for-
est (Sugawara, unpublished).
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Fig. 6. One year seedling of Trachycarpus fortunei (Hook.)
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1L, 1st leaf; 2L, 2nd leaf; P, Petiole; CP, coleoptile; CS,

cotyledon suspensor; S, seed; R, Root.
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Fig. 9. The growth curve of total dry weight. The values shown here are the mean values
obtained from more than 20 plants in the 1st and the 2nd years and 40 plants in the 3rd
year. Vertical bars show standard deviations.
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Fig. 10. Comparison of dry matter growth between seedlings in the mixed pine forest and
those shaded by mean of saran screens in the nursey. Filled triangles, 10% light; open
squares, 2% light; filled circles, mean values of all plants in the mixed pine forest; open
circles, mean values of maximum 5 plants in the mixed pine forest.
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Fig. 11. Comparison of leaf area growth between the seedlings in the mixed pine forest and
those shaded by saran screens in the nursery. Filled triangles, 10% light; open suquares,
29; light; filled circles, mean values of all plants in the mixed pine forest; open circles,
mean values of maximum five plants in the mixed pine forest.

= 5

<~ YHIKTRBT S > 2 v OFELX TR 3EMICIH IS ARHER, SECERYFN, RN
MREg, sunflecks, KU OFEMALXWE LY = v O R L OXILEAAT, EICHTH FKE, 1980a, b) o
et FOAEE & DR T -1,

DUTFRDZ EXEBMICTIE - T

1. HMAOMHMREIRESE 0.1% L&, 4 ATA» b 2.5% &t

2. sunflecksDEIEHIIHEZF 2.3% LKL, 4 ATAPRELEL9.0% Thoto,

3. MMl U EAIRIEA T 2.5°C Fi, mEZimiiE T 2.5°C K-,

4. FAOFETHERNE LTI R OERIEN 5%, KO EIE - HEICHE Shics 34:/HT18%,
1 SEHDL DRI L 5L D159, BMELHEFMC LD 0N 4% TH I BERESEBEOFRAE L% 2
DRBFETILED bIied - oo

5. AR XS TIEL 34ERIT 320mg LFETED 350 mg ¥ THE LA -1,

6. ARV A ol UERRT CHER AR KIEINIRD biied - 1,

7. BEKTHOEE L DR T2 RER LIZIFHELWERY LTWAHZ EAW B LD, sunflecks
DR LK DHFEDORED EANERORE L EFOMRFICKELSFHFLTWD EE L bR,

8. 1 {EHDEED XMOWHBEINMIBIRTIE, ~2r D EHFCKRELERELL->TWH I ENLTF
Mt

2 £ X M|

HIHHES. 1975, RAFEFNCBIT 585 (ID). REMITTHT 5 e 7 $HROEH. HUKHH, 47 34—47.

Fukul, E. 1977. Climatic fluctuations, past and present. —Urban effects on secular climatic



WHRCRT DY arvd by om0 REEHE =~ 15 .=

changes—. Developments in Atmospheric science; 8, Kodansha, Tokyo: 297-304.

GRross, L. J. 1982. Photosynthetic dynamics in varying light environments: A model and its
application to whole leaf carbon gain. Ecology, 63: 84-93.

HEEN 1977, WHHKCRT B Yard by oL v OREERE. L ETOHRMEESE HREEERRE,
7 :19—31.

1979. #itkicksT 2 v amd P v Y 2 m ORFEHIE. 1L BAEFEC KT 500K &5
e >WC. BHABER®RE, 9: 1-1L

1980a. #itkick T B v 2w & b v P2 m D BEFEE. I AHXBE RO 4EKS DL 25
DY br—=LVEHETTOY . v FEFEEOEFTICOWT. AAHBEREBSE, 10 : 37—50.

1980b. #hitkick B~ am b by Y o v DR, IV, . eFE4FAo NAR, LAR,
RGR LA RE & DBtk BARABREAS, 11: 61-75.

M=% - BT - KEF5E. 1980. HAEFREA L oA HEHROLRE. 2. KN~OHFTHE. BREE
[EHss, 11: 45—48.

HUxLEY, P. A. 1969. The effect of fluctuating light intensity on plant growth. J. Appl. Ecol.,
6: 273—276.

R K. 1977, WHKEO SO KRE. KWL, — b, 133: 26—47.

JIBBLZIE - EHEE - BFIR. 1977, v /2 ® ATHROBRITROBUER &L RN O BRI\ T. HUKEH
¥, 47: 26—33.

JIPE 1979, KA Tio%iR —(1) BREZRICOWT— KOKFEEEF B EHLEEARE), 54):
21—27.

KAwANO, S. 1975. The productive and reproductive biology of flowering plants. II. The con-
cept of life history strategy in plants. J. Coll. Lib. Arts. Toyama Univ., Nat. Sci., 8: 51—86.

& MASUDA, J. 1979. The Productive and reproductive biology of flowering plants.
VI. Assimilation behavior and reproductive allocation of Coptis japonica (Thunb.) Makino
(Ranunculaceae), J. Coll. Lib. Arts. Toyama Univ., Nat. Sci., 12: 49—63.

KiMURA, M., OHYA, M. & TANAKA, E. 1972. Production processes of Ophiopogon planiscapus
population grown in a mixed forest stand. “Photosynthesis and Utilization of Solar Energy,
19717, 76-79.

KusumoTo, T. 1957. Physiological and ecological studies on plant production in plant communi-
ties 4. Ecological studies on the apparent photosynthesis curves of evergreen broad-leaved
trees. Bot. Mag. Tokyo, 70: 299—304.

1961. An ecological analysis of the distribution of broad-leaved evergreen trees,
based on the dry matter production. Jap. J. Bot., 17: 307—331.

LARCHER, W. & WINTER, A. 1981. Frost susceptibility of palms: Experimental data and their
interpretation. Principes, 25: 143—152.

SAEKI, T. & NomoTo, N. 1958. On the seasonal change of photosynthetic activity of some de-
ciduous and evergreen broadleaf tree. Bot. Mag. Tokyo, 71: 235—241.

SAKAI, A. 1970. Mechanisms of desiccation damage of conifers wintering in soil-frozen areas.
Ecology, 51: 657—664.

WS AR, 1982, FHY DM & SR HEIE. 469 pp. FRHR L v & —, HIT.

EHERF - WFAWE. 1972, KAORE (I). HUKHHR, 43: 53—62.

1974 b. kN OIREE (). £RZEEFC X 5 (1). FKEEHR, 44: 100—109.

TaMAI, S. 1975. Studies on the stand structure and climate (II). Methods of investigating the
sunfleck on the forest floor (1). Bull. Kyoto Univ. Forests, 47: 69—79.




— 16 — HtkicksF s> avd b v . r D REEIH

Summary

In the urban area declining of natural vegetation is accelerated not only in its amount but
also in its floristic composition and structural diversity.

On the contrary, it is very interesting that the increasing of evergreen shrubs such as Trac-
hycarpus spp., Fatsia japonica, Aucuba japonica etc. which grow vigorously in the subtropical
zone in Japan, have been recognized as the undergrowth of forest in the urban area, particularly
in the natural parks and gardens of residential zone. In the Institute for Nature Study rapid
muliplitcation of Trachycarpus fortumei has lately become remarkable.

In order to reveal the cause of the increase of Trachycarpus spp, some experiments have
been carried out (Hagiwara, 1977, 1979, 1980a,b). In the previous paper of this series, it is assumed
by the experiments about the growth rate and mortality of the seedlings in the artificially
shaded nursery that one of the most reasonable factors which promotes rapid multiplication of
seedlings of Trachycarpns fortunei is due to their tolerance for the lower relative light intensity
less than 0.5%.

In this paper, comparisons about their growing process and mortality were made between the
seedlings in the nursery and those in the mixed pine forest.

The dry matter production of the first year seedlings in the mixed pine forest with ever-
green shrub layer was studied based on the harvesting method. Measurements of dry weight of
more than twenty seedlings were made about every month from July 1980 to December 1982.
Also, the measurements of relative light intensity, sunfleck and temperature were made at the
same intervals.

The experimental results are as follows:

The relative light intensity in the forest floor varies seasonally, according to the unfolding
and the shedding of deciduous tree and pine tree in the forest canopy, with the maximum of
about 2.5% in late April and the minimum of only 0.1% in summer.

In this paper, sunfleck means the value of light intensity under the canopy which exceed
three times more than that of mean light intensity.

The proportion of sunfleck area to the total examined forest floor and mean values of its
light intensity varied in the same tendency of shade light, but their changes showed more
drastic amplitude (Figures 1 and 2).

As the seasonal change of dry matter of various organs of seedlings is shown in Figures 7,
8 and 9, the monthly growth rate except that in the summer was very low and the total dry
matter of three-year seedling did not regain to the initial weight of seed, but growth continued
throughout two years.

Comparing the results of Hagiwara (1980b, artificially shaded by saran screens in the nursery
where the light was unchangeable throughout the year) with the laterly experimental results, the
production processes in dry matter and leaf development were most similar with those in 2%
light plot of the previous experiment.

What is obvious on comparing these results was that the remarkable differences of light in-
tensity in summer between both of them could be compensated by the sunflecks and increasing
light intensity during winter and spring.

The survivourship of seedling under the forest canopy was 59% at the end of the third year,
though there were some risks for seedlings. During the experimental period one of these risks
was the drying death of cotyledon suspensor and juvenile roots on the thick litter layer during
the establishment of seedling.
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More than 10% of seedlings was buried alive with the fallen leaves and twigs in the autumn—
this fact was especially evident in the first year—since the petioles of the first leaves were not
fully extended.

The maximum mortality at the severe cold weather in January 1981 was based on desicca-
tion damage: since limited part of the root in A, layer was kept frozen at temperatures below
0°C and the water ascent in the root was completely blocked (Sakai, 1970).

Through the experimental period any direct death of seedlings caused by the insufficiency of

light could not be recognized.



