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Abstract The growing populations of sika deer (Cervus
nippon yesoensis) in Hokkaido, Japan, are having
increasingly negative impacts on forests. Although the
percentage or frequency of browsed twigs and seedlings is
a useful index of the impact of deer on forests, differences
in the browse preferences of deer among tree species
should also be considered. We evaluated the woody browse
preferences of sika deer and examined a method for eval-
uating deer impacts based on the occurrence of browsing
scars on seedlings, together with browse preferences. We
also validated the percentages of browsed seedlings irre-
spective of browse preferences as an index of deer impact.
We measured the heights of seedlings 30-200 cm tall in
five 5 x 20 m plots located in Abies sachalinensis plan-
tations in each of seven tracts and recorded browsing
damage that occurred on leader shoots of seedlings.
Browse species preference was evaluated using a general-
ized linear model (GLM) that included the seven tracts,
species, and seedling height as explanatory variables. The
results of the GLM suggest that differences in browse
preferences among species are continuous and cannot be
categorized discretely. The tract coefficients are considered
to be an index of deer impact levels and can be estimated
from the percentage of browsed seedlings for a species if
the species coefficient is given. Simple percentages of
browsed seedlings can also be used as an index of impact
level, regardless of browse preferences, though these may
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be inaccurate, especially when the site is dominated by
significantly preferred or avoided species.

Keywords Browse preference - Cervus nippon -
Generalized linear model - Hokkaido

Introduction

Growing deer populations cause serious impacts on many
forests throughout temperate regions (Coté et al. 2004;
Takatsuki 2009; Reimoser and Putman 2011). The impacts
of sika deer (Cervus nippon yesoensis) on natural forests and
forest plantations in Hokkaido, Japan, are increasing as deer
populations increase (Akashi 2009b; Akashi et al. 2013), and
deer population control has become a critical issue for forest
management. Estimations of population size and trends are
essential for effective population management. Spotlight
surveys, catch per unit effort, and sighting per unit effort
(SPUE) by hunters have been used to monitor deer popula-
tion trends in Hokkaido (Uno et al. 2006), and deer abun-
dance in eastern and western Hokkaido has been estimated
using harvest-based Bayesian techniques (Yamamura et al.
2008). However, local population densities have not yet been
estimated, and given that one of the primary objectives of
deer population management is to mitigate deer impacts on
natural vegetation, the development of reliable indices of
both local deer abundance and impacts on vegetation is a
major priority.

Various indices have been developed to evaluate the
impacts of deer on vegetation. Projective cover (Fujiki
et al. 2010), species composition (Sweetapple and Nugent
2004), browsing on woody seedlings (Frelich and Lorimer
1985; Castleberry et al. 1999; Morellet et al. 2001; Rooney
and Waller 2003), and the height of indicator herb species
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(Anderson 1994; Augustine and de Calesta 2003; Koh et al.
2010) in the understory vegetation have been considered.
The forest floor of many forests in Hokkaido is dominated
by dwarf bamboo (Sasa spp. and Sasamorpha borealis;
Toyooka et al. 1983), which prevents seedling establish-
ment (Umeki and Kikuzawa 1999; Noguchi and Yoshida
2004). This means that the abundance and species com-
position of seedlings and herbaceous plants depends largely
on bamboo cover. Seedling density, projective cover, and
species composition reflect the cumulative impact of deer
browsing, while current impact levels are needed for deer
population management. New browsing scars represent the
impact of the current deer population; our previous study
evaluated the effects of sika deer using percentages of
seedlings browsed in the current year for all broad-leaf
species (Akashi et al. 2011).

However, deer browsing preferences vary among tree
species (Castleberry et al. 1999; Forsyth et al. 2002;
Boulanger et al. 2009; Mosbacher and Williams 20009;
Koda and Fujita 2011). While indicative species have been
used to obtain a reliable index in other studies (e.g.,
Morellet et al. 2001; Rooney and Waller 2003; Koh et al.
2010), selecting indicative species that cover most of
Hokkaido is not feasible because the flora often differ
among sites and no species may be common among all
sites (Akashi et al. 2011). Thus, one possible approach is to
determine deer preferences for major tree species and to
estimate deer impacts at each site from browsing on
dominant species, combined with browse preferences.
Several studies in Hokkaido have quantitatively identified
the tree preferences of deer for bark stripping since scars
persist on trunks for a considerable time afterwards
(Takayanagi et al. 1991; Takahashi et al. 1997; Sakabe
et al. 1998; Kojima et al. 2006; Suzuki et al. 2011), but few
have described the browse preference of deer.

The other approach is to use the percentage of browsed
seedlings of all species regardless of browse preference as
an index. This may be less precise than approaches
incorporating browse preference, but in forests with a low
seedling density or low abundance of dominant species,
field surveys evaluating individual species are time-con-
suming. Thus, the limitations of simple percentages of
browsed seedlings should be recognized based on valida-
tion through comparisons with evaluated impact levels
combined with browse preferences.

In this study, we reanalyzed data from Akashi et al.
(2011). Our objectives were: (1) to determine the woody
browse preferences of sika deer, (2) to advance an approach
for evaluating deer impacts on forests based on the per-
centage of browsed seedlings combined with browse pref-
erences, and (3) to examine the validity of the percentage of
browsed seedlings of all species regardless of browse pref-
erences as an index of deer impact on forests.

Methods
Study sites and sampling methods

Surveys were conducted from August 31 to October 8,
2009 (Akashi et al. 2011). Our study sites were located in
seven tracts within the Hokkaido Prefectural Forests
(Akkeshi: AKK; Urahoro: URA; Niikappu: NII; Nish-
iokoppe: NIS; Mukawa: MUK; Toyokoro: TOY; Tsuki-
gata: TSU; Fig. 1). Within each of the seven tracts, five
sites were selected within Sakhalin fir (Abies sachalinensis)
plantations aged 40-60 years. These sites were managed
according to standard Prefectural Forests procedures; ca.
2500-3000 seedlings ha~' were planted after clear-cutting
and managed with several thinning operations until har-
vesting at a stand age of 60-80 years. We arbitrarily
located a plot measuring 5 x 20 m at each site. We mea-
sured the heights of seedlings 30-200 cm tall in each plot,
identified their species, and recorded any browsing damage
that occurred on leader shoots in the survey year.

Sika deer are the only wild ungulate species in Hokkaido.
SPUE (the number of deer sighted per hunter-day) is the only
index of sika deer abundance that covers nearly all of Hok-
kaido; it is tallied annually using grid squares of 2'30” lati-
tude by 3’45” longitude based on reports from hunters. SPUE
values (averaged for 3 x 3 grids) differed among the tracts,
from 2.1 to 10.2 deer/hunter-day (20062008 hunting sea-
sons; Akashi et al. 2011).

Analysis

We used a generalized linear model (GLM) with a binomial
distribution and logit link function to examine browse
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Fig. 1 Locations of the study tracts. Five sites were established in
each of the seven tracts

@ Springer



398

J For Res (2015) 20:396-402

species preferences based on the presence of browsing scars
on seedlings. The GLM included broad-leaf species with ten
or more seedlings in total that occurred in two or more tracts
and with at least one seedling browsed by deer; seedlings of
species that did not meet these criteria were excluded from
the analysis. The explanatory variables included tract, spe-
cies, and seedling height, and variable selection was con-
ducted using Akaike’s information criterion (AIC). The
analysis was conducted in R 3.1.2 (R Core Team 2014). The
estimated coefficients for each species indicated their browse
preference value. Multiple comparisons among the esti-
mated species coefficients were conducted using Tukey’s
honest significant difference (HSD) test in the multcomp
package in R (Hothorn et al. 2013).

Among the species analyzed in the GLM, the percent-
ages of browsed seedlings of species with five or more
seedlings in each tract were plotted against their corre-
sponding preference coefficients to examine the difference
in preference for a given species among tracts. The per-
centages estimated by the GLM at each tract can be cal-
culated as a function of species coefficients if the seedling
height is given. The estimates with seedling height of
63 cm (the average height of seedlings analyzed) were
overlaid for each tract.

The estimated coefficients for tracts can be considered
as indices of deer impact levels. These coefficients and the
percentages of browsed seedlings of all species in each
tract were compared with the SPUE values by Spearman’s
rank correlation coefficient.

Results
Species composition of seedlings

There were 64 species of seedlings in the seven study
tracts, including 60 broad-leaf species and 4 conifers.
Species composition differed among tracts, and no species
occurred in all tracts (Table 1). Dominant seedling species
at a given tract were often uncommon or absent in the other
tracts. Both the frequency and species richness of seedlings
were low at URA and AKK.

The number of seedlings of 2 conifer species and 28
broad-leaf species were less than 10. No browsing was
detected for two conifers (A. sachalinensis and Cephalo-
taxus harringtonia var. nana) and one broad-leaf (Aralia
elata) species that had more than 10 seedlings. Five species
with 10 or more seedlings occurred only in one tract (Be-
tula ermanii in NIS, Symplocos sawafutagi in TSU, Zan-
thoxylum piperitum in NII, Sorbaria sorbifolia var.
stellipila in AKK, and Staphylea bumalda in TOY).
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Browse preference of deer

Browse preferences were analyzed using the GLM for 26
species. The AIC score for the full model containing tract,
species, and seedling height was 1187.8 (the lowest); in
comparison, the AIC score for the model without seedling
height was 1193.2. Thus, all variables were included in the
model. Though seedling height was included in the model,
86 % of analyzed seedlings were shorter than 100 cm, and the
range of coefficients for seedling height (30-200 cm) was
smaller than the coefficients for the tracts and species. The
estimated coefficients for each species from the GLM were
continuously distributed (Table 2). Tukey’s HSD compar-
isons showed that the differences between some of the most
and least preferred species were significant, but no significant
differences were detected among most species (Table 2).

An index of deer impacts on the forest

The percentages of browsed seedlings for each species in each
tract were distributed along lines estimated from the GLM and
average seedling height, with a few exceptions (e.g., Morus
australis in NIS; Fig. 2). The percentages of browsed seed-
lings for a given species were higher in MUK and NIS than in
NII, and few seedlings of less preferred species (species
coefficients <0) were browsed in TOY and TSU (Fig. 2).

The order of coefficients in the GLM for each tract was
consistent with the percentages of browsed seedlings for all
species, except for the inversion of NII and NIS (Fig. 3).
Spearman’s rank correlation coefficient in tracts with
SPUE was 0.71 (P = 0.088) for coefficients of the GLM
for each tract, and 0.75 (P = 0.066) for percentages of
browsed seedlings for all species.

Discussion

The browse preferences of plants are often categorized as
either preferred, not selected, or avoided (Forsyth et al.
2002; Boulanger et al. 2009; Koda and Fujita 2011), but the
classification of a given species can vary among sites (e.g.,
Koda and Fujita 2011). Some species that were not con-
sumed by deer at one site could be preferred at other sites
where more palatable plants were unavailable. The GLM
results suggest that the differences in woody browse pref-
erences among species were continuous and could not be
categorized discretely, but the rank order of species was
generally consistent among tracts (Fig. 2). The browsing
probability of seedlings also depended on seedling height,
and the GLM evaluated the browse preferences of species
while considering this factor.



J For Res (2015) 20:396-402 399
Table 1 Numbers of seedlings (/500 m?) and browsed seedlings in each study tract

Species URA AKK MUK NIS NII TOY TSU Total
Ulmus laciniata 4 (2) 51 (15) 55 (17)
Hydrangea paniculata 1(1) 7 (5) 31 (14) 26 (6) 65 (26)
Ulmus davidiana var. japonica 2 (1) 1(1) 4 (3) 2 (0) 5@3) 14 (8)
Euonymus alatus 2 (2) 3 (3) 1 (0) 7(1) 13 (6)
Morus australis 11 4) 2 () 512 30 (8) 48 (15)
Ostrya japonica 7 (5) 19 (12) 1 (0) 27 (17)
Fraxinus lanuginosa 10 (10) 30 (23) 2(2) 4(2) 21 (2) 67 (39)
Phellodendron amurense 7 (5) 1 (0) 1 (0) 1 (0) 10 (5)
Acer cissifolium 39 (20) 39 (20)
Viburnum furcatum 61 (37) 6 (0) 67 (37)
Acer pictum 2 (1) 2 (1) 7(5) 17 (7) 4 (1) 38 (3) 70 (18)
Quercus crispula 22 (10) 2 (2) 2 (0) 10 (0) 36 (12)
Aria alnifolia 74) 5(0) 12 (4)
Syringa reticulata 3(2) 30 (19) 4(1) 37 (22)
Padus ssiori 9 4) 17 (10) 2 (0) 28 (14)
Betula maximowicziana 29 (14) 1(0) 30 (14)
Sorbus commixta 4 (3) 13 (5) 3(1) 1 (0) 1 (0) 22 (9)
Acer amoenum var. matsumurae 4 (4 1 (0) 48 (24) 9 4) 10 (0) 72 (32)
Euonymus oxyphyllus 4 (3) 512) 4 (0) 6 (2) 4 (1) 23 (8)
Acer japonicum 11 (5) 3(0) 6 (0) 20 (5)
Fraxinus mandshurica 20 (8) 6 (0) 45 (1) 71 (9)
Tilia japonica 1 (0) 20 (9) 42 (0) 63 (9)
Hydrangea serrata var. yesoensis 8 (0) 84 (3) 92 (3)
Kalopanax septemlobus 2 (0) 14 (3) 10 (2) 12 (0) 33 (1) 71 (6)
Magnolia kobus 1(1) 16 (3) 12 (1) 10 (0) 39 (5)
Rubus idaeus 4 (0) 153 (13) 22 (0) 179 (13)
Others 12 (5) 18 (3) 8 (2) 71 (17) 30 (7) 44 (7) 38 (5) 221 (46)
Total 31 (23) 72 (37) 125 (71) 486 (160) 162 (66) 185 (49) 375 (46) 1436 (452)

Numbers in parentheses are browsed seedlings

Among the species with small estimated coefficients, the
aboveground parts of Hydrangea serrata var. yesoensis and
Rubus idaeus often wizen in winter. Deer typically only
browse the leaf blades and petioles of Kalopanax septem-
lobus and A. elata, which have leaves with long petioles or
compound leaves. In these cases, no browsing scar is left
on the twigs or stems, resulting in underestimation of their
browsing damage. However, species coefficients (Table 2)
represent relative preferences for major broad-leaf species
in Hokkaido, though the differences in browse preferences
among species were not significant for most species. Fur-
ther data from other areas and more species should be
included in the analysis to increase the availability of
evaluated preferences.

The estimated GLM coefficients for the tracts (Table 2)
represent the impact level combined with browse prefer-
ences. The tract coefficient of the GLM with average

seedling height can be estimated from the percentage of
browsed seedlings for a species if the coefficient of the
species is given (Fig. 2). For example, 20 % for species
with a coefficient of —1 means that the impact level is the
same as at NII, and is equivalent to 70 % for species with a
coefficient of 1. Detecting deer impacts at an early stage
and controlling their abundance are necessary to maintain
forest health (Akashi 2009a), and the percentage of
browsed seedlings for preferred species can be used as an
indicator of early-stage browsing impacts. Few seedlings of
preferred species can be found in tracts with high impact
levels, but less preferred species can be used to estimate the
impact levels at these sites.

Strong correlations with the SPUE values were not
detected, both for the tract coefficients and percentages of
browsed seedlings (P > 0.05). This may partly stem from
the fact that the data used to determine the SPUE value are
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Table 2 Estimated coefficients

of the generalized linear model Estimate Standard error _ Tukey test*

with a binomial distribution and Intercept —0.1378 0.403

logit link function for the Height 0.0067 0.002

exister'we or absence of . Species

browsing scars on each seedling
Ulmus laciniata 1.6043 0.729 ab
Hydrangea paniculata 1.4980 0.458 a
Ulmus davidiana var. japonica 1.2921 0.485 abc
Evuonymus alatus 1.1710 0.754 abcd
Morus australis 0.7050 0.495 abc
Ostrya japonica 0.6372 0.542 abcd
Fraxinus lanuginosa 0.2553 0.511 abcde
Phellodendron amurense 0.2448 0.768 abcde
Acer cissifolium 0.2264 0.485 abcde
Viburnum furcatum 0.1833 0.459 abcde
Acer pictum 0.0000 - abcde
Quercus crispula —-0.2620 0.527 abcde
Aria alnifolia —-0.3812 0.778 abcdef
Syringa reticulata —-0.3901 0.568 abcdef
Padus ssiori —-0.3909 0.546 abcde
Betula maximowicziana —0.4238 0.546 abcde
Sorbus commixta —0.4286 0.569 abcde
Acer amoenum var. matsumurae —0.4648 0.494 bcde
Evuonymus oxyphyllus —0.6586 0.568 bcdef
Acer japonicum —-0.6603 0.679 abcdef
Fraxinus mandshurica —0.8058 0.532 cde
Tilia japonica —1.0096 0.545 cdef
Hydrangea serrata var. yesoensis -1.5772 0.705 cdef
Kalopanax septemlobus —1.5896 0.551 def
Magnolia kobus —2.1308 0.654 ef
Rubus idaeus -2.6133 0.477 f

Tracts

URA 2.8554 1.135
AKK 0.5975 0.430
MUK 0.2529 0.454
NIS 0.0000 -
NII -0.3674 0.375
TOY -2.3136 0.376
TSU —2.7047 0.308

* Species with the same letters are not significantly different (¢ = 0.05)

restricted to hunting seasons (in most areas, October—
March). Sika deer in Hokkaido often exhibit seasonal
migration between their summer and winter ranges (Uno
and Kaji 2000; Sakuragi et al. 2003; Igota et al. 2004). It is
possible that deer impact levels differ between summer and
winter.

The difficulty in evaluating impact level from the per-
centage of browsed seedlings of a species stems from the
low density of seedlings in forests dominated by dwarf
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bamboo and/or in forests with high deer impact levels. Low
abundances of dominant species also complicate evalua-
tions based on single species. According to our results, the
percentages of browsed seedlings of all species, not con-
sidering preferences, were generally consistent with the
estimated GLM coefficients for the tracts, which represent
the impact level in relation to browse preferences (Fig. 3).
This indicates that simple percentages of browsed seed-
lings can also be used as an effective index of deer impact
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levels in Hokkaido, regardless of browse preferences.
However, because the seedling species composition dif-
fered among tracts (Table 1), the results may be inaccurate,
especially for sites dominated by significantly preferred or
avoided species.

Observations by many involved persons are ideal to
evaluate deer impacts at many sites, but identifying plant
species is often difficult despite the fact that considering
species preferences is preferable when evaluating deer
impacts. Monitoring the percentage of browsed seedlings is
a simple and affordable method for detecting the early

warning signs of negative deer impacts on forests. In
conclusion, there is a continuum of species from preferred
to avoided, and intensive surveys considering browse
preferences are needed to demonstrate the impact of deer
on forests; however, extensive surveys using simple
methods are also beneficial for understanding the extent of
deer impacts, provided that the methods’ limitation are
recognized.
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