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1. Introduction

In recent years, sika deer (Cervus nippon) and wild boar (Sus scrofa) have increased in
Japan, causing agricultural and forestry damages. Deer are known to have a significant
long-term impact on ecosystem components such as vegetation, soil fauna, and seed
banks. On the other hand, wild boars have been reported to give negative and positive
effects on plant species and soil fauna, and to move seed bank in deep soils to shallower
layer. In addition, wild boars may act to counteract the negative impacts of deer on the
ecosystem, because the two species habitats overlap in Japan. Since it is difficult to
accurately estimate the density of wild boars, their impacts have not been verified. In
this study, I investigated vegetation, soil fauna, and seed banks in forests where deer and
wild boar coexist.
2. Material and Methods

This survey was conducted from September to October 2019 in front of camera traps
installed at 24 locations (12 conifer plantations and 12 secondary forests) in the Boso
Peninsula (Kimitsu City to Minamiboso City), Chiba Prefecture. The "trap efficiency,"
which is the staying time of ungulates at each location divided by the number of days the
camera traps are in operation, was used as the density index of ungulates. The camera
trapping data was provided by the Nakashima Laboratory of Nihon University and the
Miyashita Laboratory of The University of Tokyo, who installed and managed the camera
traps.

I measured the vegetation cover, canopy openness, soil hardness, and litter depth in a
5 mx5 m frame set in front of each camera. Soil and litter at each site were sampled for
soil fauna collection and seedling assay of seed banks. Topographic Wetness Index (TWI)
was calculated from the 10 m DEM provided by the Geospatial Information Authority of
Japan, and the past cumulative deer density index (DDI) was also calculated based on the
data of the deer census (deer fecal pellets sampling) by Chiba Prefecture. The causal
relationships among vegetation cover or soil fauna, the density index of ungulates and
environmental factors were analyzed by conducting structural equation modeling (SEM).
The best model was selected by successively removing poorly fitting paths and
biologically inexplicable paths from the full model. A path from vegetation cover to deer
trap efficiency was included in the model because an unexpected positive correlation was

found between deer trap efficiency and vegetation cover. Based on the results of seedling



assay, ungulate density and environmental factors were compared using U-test to check
their difference between sites with and without germination of pioneer tree species. The
factors affecting the germination of other species than pioneers were analyzed using
generalized linear models.
3. Results and Discussion

The SEM analysis did not detect any impacts of deer or wild boar on vegetation cover,
while the trap efficiency of deer and wild boar was affected by vegetation and TWI,
respectively. This suggests aggregation of deer and wild boar to sites of rich vegetation
and moist soil, respectively. The vegetation might have been being degraded by deer, and
thus the impacts of deer may still be far smaller compared to the effects of environmental
condition. Also, wild boar might have given both positive and negative impacts on
vegetation. The effects of wild boar could be masked by environmental differences or be
offset by themselves, and that they presumably could not cancel out the impacts of deer.

In conifer plantations, deer trampling and litter exclusion by wild boars increased soil
hardness (Fig. 1), which caused reduction in some soil fauna, causing further negative
impacts on community networks. Thus, the impacts of deer and wild boar are thought to
reduce some soil fauna through environmental factors, and ultimately, reduce the whole
soil fauna. Wild boars reduced litter layer of conifer plantations, but they did not directly
reduce soil hardness, suggesting that the increase in soil hardness due to litter reduction
may be offset by the reduction in soil hardness due to rooting. Wild boars tended to
increase seeds of pioneer tree species in shallow soils of secondary forests, possibly by
moving seeds from deep soils to shallow region. In the deep soils of conifer plantations,
the number of seed banks other than pioneer tree species tended to decrease with higher
DDI, which could be attributed to the past decrease of vegetation by deer.

This study suggests that deer and wild boar tend to aggregate in certain environments,
where deer had a negative impact on soil fauna and seed banks, and it couldn't be offset
by the positive impacts of wild boar. Since deer aggregate in areas with high vegetation
cover that have not yet been impacted by deer, their impacts on soil and plants will
continue to expand. Wild boars may have the potential to promote forest regeneration by

positively affecting seed banks of pioneer tree species.
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