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1. Introduction

The increase in the number of Sika deer has caused damages to crops and forests and has
changed the forest ecosystem throughout Japan in recent years. High density of deer has influenced
forest vegetation and succession by preventing the growth of saplings and shrubs. While controlling
of the density of deer has been tried, it is also important to understand the impacts of deer on the
ecosystem. This study tried to elucidate the responses of trees to deer browsing by focusing on leaf
morphology and its mechanism. First, deciduous and evergreen trees growing in the nature were
chosen to observe the morphology of the leaves produced after deer browsing. Second, clipping
experiment was conducted; previous leaves and/or apical bud on evergreen tree shoots were
removed, to compare the morphology of current leaf among the treatment and to reveal the
mechanism behind the response.
2. Study Site and Methods

The study was conducted in the Tokyo University Forest in Chiba, located in the southeast of
Bohsoh peninsula where the density of deer is high. Naturally distributed tree species, highly
preferred by deer were selected for this study.
Observational Study Five deciduous tree species: Viburnum dilatum, Lindera umbellata, Rubus
microphyllus, Deutzia scabra, and Callicarpa japonica; and three evergreen species: Quercus

salicina, Osmanthus ilicifolius, and Eurya japonica, were chosen. 10 trees browsed by deer and
five unbrowsed trees were selected as controls for each species. In September 2005, five current
shoots were taken from each tree to get more than 10 leaves. The area and dried mass of current
leaf were measured to compare leaf area and SLA (specific leaf area; leaf area / mass) between
browsed and unbrowsed trees.

Experimental Study Five evergreen tree species: Quercus acuta, Q. glauca, Q. salicina, Eurya

japonica, and Camellia japonica were chosen. In this study, more than 20 trees were used for each
species. In January 2005, four shoots were selected from each tree to apply four kinds of clipping
treatment: removing (1) all leaves, (2) apical bud, (3) all leaves and apical bud and no clipping as
control. The four shoots of each tree were in similar light condition and had similar number of bud
and leaf. In October 2005, current shoots produced after the treatments were sampled to measure
leaf area, the dried mass of all leaves and branch. Leaf area, SLA, and the mass of shoot were
compared among four treatments. In addition, the relationship between the mass of all previous
leaves and that of total current leaves was compared between clipping leaves and the control.

3. Results and Discussion

Observational Study In all the species, browsed trees showed significant reduction in leaf area




(Fig. 1). On the other hand, the increase in SLA was found only in V. dilatum, R. microphyllu, and E.
japonica. These results suggested that trees produce smaller leaf after deer browsing.
Experimental Study (1) Removing previous leaves significantly decreased current leaf area in two

Theaceae species. Current shoot mass also reduced in C. japonica. Moreover, the mass of total
current leaves had a significant correlation with that of previous leaves in the control shoots.
Therefore, it was demonstrated that removing previous leaves decreased current leaf area in C.
japonica since the removing reduced the resources used for current leaves construction and that the
resources might be mainly provided by previous leaves. Meanwhile, three Fagaceae species were
not affected in current leaf area and current shoot mass. In addition, the mass of total current leaves
had weak correlation with that of previous leaves in the control shoots. Hence, it was suggested that
removing previous leaves did not affect the amount of the resources for current leaves and that the
role of previous leaves might be small in providing the resources for current leaf. (2) Removing
apical bud did not affect current leaf area and current shoot mass in C. japonica and three Fagaceae
species. These results demonstrated that removing apical bud did not affect the amount of the
resources. Meanwhile, in E. japonica, removing apical bud reduced current leaf area. However, the
present study could not reveal its mechanism sufficiently. (3) Removing previous leaves and apical
bud significantly decreased current leaf area and current shoot mass in C. japonica. The degree of
the decrease was similar to that of removing only previous leaves. E. japonica also showed the
decrease in current leaf area; however, the degree was larger than that of removing either previous
leaves or apical bud. Therefore, it seems that the effect of removing previous leaves and that of
apical bud multiply on E. japonica. Meanwhile, SLA did not differ among the treatments in all the
species.

Deer browsing under natural condition caused the reduction in leaf area of all the species and the
increase in SLA of some species. On the other hand, clipping treatment caused the reduction in leaf
area of some species and did not cause the increase in SLA of all the species. These conflicting
results probably occurred since clipping treatment, conducted only once at winter, gave lesser
damages to trees than deer browsing, which might occur repeatedly through the year. The above
results suggested that trees produce smaller leaf after deer browsing and that the change in leaf
morphology is due to the loss of previous leaves which provide resource to current leaves in the
case of evergreen trees.
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Fig. 1. The area of current leaf produced after clipping treatment



