
ii F o r e s tF o r e s t
Biogeosciences and ForestryBiogeosciences and Forestry

Use of fallen dead trees by Japanese squirrels within cedar plantations 
in northeastern Japan

Suzuka Honda (1), 
Masayuki U Saito (2)

Deadwood in forests plays a critical role in maintaining the ecological func-
tions. Small mammals use deadwood, and thus deadwood can mitigate the neg-
ative impacts of plantation on small mammals. This study focused on fallen 
dead trees in planted forests, and aimed to verify whether fallen dead trees 
affect behavioral patterns of Japanese squirrels. To clarify the use of fallen 
dead trees by Japanese squirrels in a Japanese cedar plantation, we observed 
squirrel  behavior  by  camera  trap  surveys  at  61  survey  sites.  Our  findings 
showed that fallen dead trees play a crucial role in the behavior of Japanese 
squirrels, serving as landmarks for movement, vigilance, resting, and hoarding 
sites. These functions are critical for the survival of Japanese squirrels, sug-
gesting that fallen dead trees in planted forests have positive impacts on their 
microenvironment use. The increase of deadwood due to disturbances such as 
heavy rainfall and snowfall resulting from climate change may provide benefits 
to arboreal small  mammals in poorly managed planted forests. Additionally, 
leaving  some of  the  deadwood generated during  the  harvesting  process  in 
properly managed forests can improve the quality of habitat for arboreal small 
mammals.

Keywords: Arboreal Small Mammal, Behavioral Ecology, Coarse Woody Debris, 
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Introduction
Deadwood within forests plays a critical 

role in maintaining the ecological functions 
of  forests,  including  nutrient  cycling,  en-
ergy flow, and wildlife habitat (Harmon et 
al.  1986,  2020,  Hunter  1990,  Evans  et  al. 
2013). This accumulation can be caused by 
both natural and human disturbances (Seip 
et al.  2018).  Natural causes include aging, 
imbalanced tree growth, animal predation, 
disease,  wind,  fire,  lightning,  environmen-
tal  stress,  chemical  pollution,  and the  ef-
fects of climate change (Sun et al.  2022). 
Meanwhile,  human  activities  such  as  for-
estry  operations  and  mismanagement  of 
planted forests can also contribute to the 
generation of deadwood through logging 
and  the  abandonment  of  forest  residues 
and unused thinning material (Yoshioka & 
Suzuki  2012).  Inadequate  management 
practices may also weaken the wind resis-
tance  of  individual  trees  following  inten-

sive thinning or selective cutting (Suyama 
1993), leading to the growth of unhealthy 
trees that are more vulnerable to natural 
disturbances (such as wind and snow dam-
age) and resulting in increased deadwood 
(Onodera 1990, Inagaki 1999). In Japan, re-
cent  climatic  changes,  including  an  in-
crease in days with daily precipitation ex-
ceeding 100 mm and heavy rainfall greater 
than 200 mm (Japan Meteorological Agen-
cy  2022)  and  projections  of  increased 
heavy  snowfall  risk  (Ohba  &  Sugimoto 
2020), emphasize the importance of prop-
er  management  of  planted  forests  to  re-
duce  the  impact  of  climate  change  on 
deadwood occurrence.

Previous studies have demonstrated the 
correlation between the presence of fallen 
dead  trees  and  the  selection  of  habitats 
and  population  densities  by  small  mam-
mals (Douglass & Reinert 1982,  Gray et al. 
2019). Small mammals use logs and fallen 

dead trees as routes for movement and es-
cape from predators, as well as for forag-
ing and nesting sites (Douglass & Reinert 
1982, Fauteux et al. 2012). Thus, deadwood 
can mitigate the negative impacts of defor-
estation on small mammals. The presence 
of above-ground deadwood is also benefi-
cial for arboreal small mammals. Logs with-
in  forests  serve  as  efficient  movement 
routes and significant food hoarding sites, 
even in snowy environments (Douglass & 
Reinert 1982,  Cudworth & Koprowski 2011, 
Yamada  et  al.  2016,  Minami  et  al.  2019). 
Above-ground deadwood also offers arbo-
real  small  mammals’  complex  microhabi-
tats, diverse food resources, and conceal-
ment  from  predators  (Smith  &  Mannan 
1994, Bakker 2006, Cudworth & Koprowski 
2011,  Minami et al. 2019). Disturbances re-
sulting from above-ground deadwood have 
a significant impact on arboreal small mam-
mal habitat use, and they are more likely to 
occur in planted forests compared to natu-
ral  forests (Suyama 1993).  Therefore,  it  is 
crucial  to  assess  the  effects  of  above-
ground deadwood on arboreal small mam-
mals in planted forests, despite the limited 
research currently available.

In this study, we focused on the relation-
ship  between  Japanese  squirrels,  a  small 
arboreal  mammal  endemic  to  Japan,  and 
above-ground deadwood.  Japanese squir-
rels are primarily arboreal but are known to 
often  use  the  ground  (Yatake  &  Tamura 
2001,  Yatake 2016). In the cool temperate 
zone,  Japanese  squirrels  occupy  parts  of 
cedar  plantations as  their  habitat  (Honda 
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et al. 2022, Honda & Saito 2023). This study 
focused  on  fallen  dead  trees,  a  common 
form of deadwood in planted forests, and 
aimed to verify whether fallen dead trees 
affect  behavioral  patterns  of  Japanese 
squirrels. To do this, we employed camera 
trap surveys to observe the differences in 
the types of behaviors exhibited by Japa-
nese squirrels on fallen dead trees versus 
on  the  ground.  If  any  differences  were 
identified, we analyzed the relationship be-
tween  the  behavior  types  and  the  fallen 
dead tree size and environmental factors.

Material and methods

Study area
This  study  was  conducted  in  Tsuruoka 

City, northeastern Japan (38° 37′ N, 139° 50′ 
E -  Fig.  1),  located in  the  cool  temperate 
zone with an annual precipitation of 2191.4 
mm  and  an  average  annual  temperature 
of  12.9  °C  (Japan  Meteorological  Agency 
2020). The mountainous areas of the study 
area experience heavy snowfall with snow 
depths exceeding 3 m. Japanese squirrels 
are widely distributed in the forested sites 
of  the  study  area  and are  well-suited for 
field surveys as they often use conifer plan-
tations (Honda et al. 2022,  Honda & Saito 
2023). The study area was divided in three 
areas:  Kaminagawa  (elevation:  195-410  m 
a.s.l.), Kushibiki (elevation: 110-260 m), and 
Kinbosan (elevation: 80-170 m – Fig. 1). Typ-
ical forest types in the study area are Fagus 
crenata forests,  Quercus  crispula forests, 
and Japanese cedar (Cryptomeria japonica) 

plantations. As the focus of this study was 
deadwood  in  plantations,  field  surveys 
were conducted within cedar plantations in 
all three areas.

At  each  of  the  study  areas,  we  located 
pre-existing  fallen  dead  trees  and  estab-
lished survey  sites.  The conditions  of  the 
fallen  dead  trees  were  defined  based  on 
previous studies (Seip et al. 2018,  Harmon 
et al. 2020) as having a minimum length of 
1 m and a diameter of at least 10 cm at its 
thickest  point.  The distance between the 
survey sites was set to be at least 100 m, 
taking into account the daily range of activ-
ity of Japanese squirrels (Yatake & Tamura 
2001). A total of 61 survey sites were estab-
lished, with 26 in Kaminagawa, 25 in Kush-
ibiki, and 10 in Kinbosan.

Measurement of fallen dead trees and 
environmental factors

During the period of August to October 
2022, we conducted measurements of fall-
en dead trees and environmental factors at 
each of the 61 survey sites. Based on previ-
ous  studies  on  the  American  red  squirrel 
(Tamiasciurus hudsonicus), we selected the 
following  measurements  (Bakker  2006): 
fallen dead tree size, ground slope angle, 
mean diameter at breast height (DBH) of 
the  five  nearest  cedars  from  the  fallen 
dead  tree,  number  of  Japanese  walnut 
trees (Juglans ailanthifolia),  degree of  un-
derstory  visibility,  canopy  openness,  and 
distance from the fallen dead tree to the 
nearest tree.

The size of the fallen dead tree (m3) was 

calculated as its volume assuming a cylin-
drical shape based on its length and diame-
ter measurements. The diameter was mea-
sured  at  the  thickest  point  (Burns  et  al. 
2014). The ground slope angle (°) was mea-
sured using a Vertex™ IV (Haglöf, Sweden). 
The average DBH (cm) of five cedar trees, 
excluding  standing  dead  trees  and  seed-
lings, was calculated as an indicator of for-
est age. The number of trees in a 20 m ra-
dius  around  the  fallen  dead  tree  was 
counted, based on previous studies exam-
ining hoarding and feeding sites  of  Japa-
nese squirrels (Tamura 1997, Deguchi et al. 
2017). To assess the degree of understory 
visibility, we marked five points at 20 cm in-
tervals from the ground up to 1 m and ob-
served them from a distance of 10 m, re-
peating this process three times at 1 m in-
tervals. The percentage of the number of 
visible points (%) was used as an index of 
understory visibility. The degree of canopy 
openness  was  assessed  by  taking  hemi-
spheric  photographs at  a  height  of  1.2  m 
above the ground,  using a digital  camera 
(Coolpix™ P5100, Nikon, Japan) with a fish-
eye lens (FC-E8, Nikon), on cloudy days dur-
ing  the  survey  period.  The  degree  of 
canopy openness (%) was calculated using 
CanopOn2  (Takenaka  2009)  analysis  of 
these  photographs.  The  distance  (in  cm) 
from  the  fallen  dead  tree  to  the  nearest 
standing tree with a height greater than 2.5 
m was also measured (Bakker 2006).

Camera trap survey
To  examine  the  use  of  the  fallen  dead 

trees and ground by Japanese squirrels, we 
performed camera traps equipped with in-
frared  sensor  cameras  (BTC-6HD-MXP, 
Browning,  UK)  from  August  to  October 
2022.  The  camera  traps  were  installed  at 
each  survey  site  for  7-14  days.  The  main 
camera trap was placed 4 m away from the 
fallen  dead  tree,  at  a  height  of  approxi-
mately 70 cm from the ground, to capture 
the squirrels’  behavior  on both the fallen 
dead tree and the ground. The camera was 
fixed in a horizontal direction 90° from the 
fallen dead tree, and the angle of view was 
adjusted to allow for both the fallen dead 
tree and ground to be visible. The camera 
trap recorded 20-second videos,  with a 1-
second interval  between each shot.  Addi-
tionally,  sub-camera  traps  (Torophy  Cam 
HD 20MP No Glow, Bushnell, KS, USA; Core 
24MP  No  Glow  119938C,  Bushnell;  Hyke-
Cam SP2, Hyke, Japan) were installed at a 
45°  horizontal  angle from the fallen dead 
tree,  capturing 15-second videos.  The set-
tings of  the sub-camera traps,  except for 
the  camera  view  direction  and  video 
length, were identical to those of the main 
camera traps.

In this study, we treated consecutive be-
haviors  of  Japanese  squirrels  captured 
within  a  10-minute  interval  as  being  per-
formed  by  the  same  individual,  as  de-
scribed in  previous studies  (Yasuda 2004, 
Yoshida & Saito 2022). For each event, we 
recorded the date and time of the shoot-
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Fig. 1 - Location of the study area. Circles represent the survey sites.
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ing, using the data from the first video file, 
and  the  squirrels’  behavior  on  the  fallen 
dead tree and the ground. Behaviors were 
classified as locomotion, vigilance, comfort 
behavior,  and  foraging,  including  food-
transporting,  food-searching,  hoarding, 
and walnut manipulating,  based on previ-
ous studies (Ferron 1983, Leger et al. 1983, 
Halloran & Bekoff 1995, McAdam & Kramer 
1998 – see  Tab.  1).  For  each  event,  we 
recorded the presence or absence of each 
behavior  type  (Yoshida  &  Saito  2022). 
Videos  with  multiple  individuals  were  ex-
cluded  because  the  presence  of  other 
squirrels could affect their  behavior.  Data 
from  the  main  camera  traps  was  used 
whenever  possible;  however,  in  cases 
where  data  from  the  main  camera  could 
not  be  obtained  due  to  technical  issues, 
data from the sub-camera traps was used.

Statistical analysis
To investigate the differences in the be-

havior of Japanese squirrels on fallen dead 
trees  and  on  the  ground,  we  first  con-
ducted a chi-square test using the number 
of observations of each behavioral type. If 
significant  differences  were  detected,  we 
further conducted residual tests to deter-
mine  the  specific  behaviors  that  differed 
between  the  fallen  dead  trees  and  the 
ground. The number of observations for a 
behavioral type was defined as the number 
of  events  in  which  that  behavior  was  re-
corded (Yoshida & Saito 2022).

To explain the effect of fallen dead tree 
size and environmental factors on each be-
havioral  type,  we  constructed  a  general-
ized linear mixed model  (GLMM).  The re-
sponse variable followed a binomial distri-
bution  and  was  represented  as  the  pres-
ence (1) or absence (0) of each behavioral 
type at each camera trap event. Seven ex-
planatory variables were used in this analy-
sis: fallen dead tree size, ground slope an-
gle, mean DBH, number of Japanese wal-
nut  trees,  understory  visibility,  canopy 
openness, and distance to the nearest tree. 
We also included the shooting month as an 
additional explanatory variable to account 
for  seasonal  effects,  and  included  survey 
sites as random effects. Due to the poten-
tial issue of multicollinearity, we calculated 
the  correlation  coefficients  between  the 
variables and found a high negative corre-
lation (r = -0.71) between canopy openness 
and  understory  visibility.  As  a  result,  we 
only  used  the  understory  visibility  in  the 
analysis.  No other  high correlations  (|r|  < 
0.7) were found between the explanatory 
variables,  thus  we  assumed  that  multi-
collinearity  did  not  arise  (Dormann  et  al. 
2013). The relative importance of variables 
was  evaluated  by  the  absolute  value  of 
their standardized regression coefficients.

Data analysis was performed using R ver. 
3.6.1 (R Development Core Team 2019) and 
the package “glmmML”.

Results
A total of 578 camera days were carried 

out  during the  camera  trap survey.  Japa-
nese squirrels were recorded at 34 out of 
61  survey  sites,  yielding  a  total  of  154 
events.  The  behaviors  of  Japanese  squir-
rels  were  observed  163  times  on  fallen 
dead trees  and 229 times  on the  ground 
(Tab.  2).  Locomotion,  vigilance,  comfort, 
hoarding, and walnut manipulating behav-
iors  were  observed  on  fallen  dead  trees. 
On the ground, locomotion, vigilance, com-
fort,  food-transporting,  food-searching, 
hoarding, and walnut manipulating behav-
iors were observed. The observed comfort 
behaviors  included  grooming  on  the 
ground (1 event), and cheek rubbing with a 
walnut  in  the  mouth  (11  events)  and 
sprawled lying posture (1 event) on fallen 
dead trees. Cheek rubbing with a walnut in 
the mouth was only recorded at 2 sites and 
was repeated at the same location. Food-
searching behavior was only observed on 
the ground, and no food-searching behav-
ior  related  to  fallen  dead  trees  was  ob-
served.

A chi-square test  indicated that  the fre-
quency of  behaviors  was significantly  dif-
ferent between fallen dead trees and the 
ground (χ2 = 79.149,  df = 6,  p < 0.01  – Tab.
2). Residual tests revealed significant differ-
ences among behavior types in locomotion 

and food-searching, hoarding, and comfort 
behaviors (p < 0.01 – Tab. 2).

Locomotion and vigilance behaviors were 
observed  at  more  than  5  sites  on  both 
fallen  dead  trees  and  the  ground,  while 
food-transporting,  food-searching,  and 
hoarding behaviors were only observed at 
more  than  5  sites  on  the  ground.  The 
GLMM results showed no significant differ-
ences  in  locomotion  behavior  for  either 
fallen dead trees or ground with regards to 
either variable (p ≥ 0.05 – Fig. 2). No signifi-
cant differences were detected in vigilance 
behavior on the ground for any of the vari-
ables (p ≥ 0.05  – Tab. 2). However, signifi-
cant differences were detected in vigilance 
behavior on fallen dead trees for three vari-
ables (p < 0.05 – Fig. 2), indicating that vigi-
lance  behavior  was  more  frequent  on 
larger fallen dead trees with better under-
story  visibility  and  fewer  nearby  walnut 
trees.  The GLMM results for vigilance be-
havior indicated that fallen dead tree size 
was the most important variable, followed 
by the walnut trees and understory visibil-
ity  (Fig.  2).  For  hoarding behavior,  signifi-
cant  differences  were  detected  for  both 
fallen dead trees and ground (p <  0.05  – 
Fig.  2),  indicating  that  this  behavior  was 
more prevalent in areas with larger fallen 
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Tab. 1 -  Behavior types and definitions observed by camera trap survey. Behavioral 
types were defined with reference to previous studies (Ferron 1983, Leger et al. 1983, 
Halloran & Bekoff 1995, McAdam & Kramer 1998).

Behavior type Subtype Definition

Locomotion - Behavior of moving on fallen dead trees and the 
ground

Vigilance - Behavior of pausing and sniffing

Comfort - Behavior of grooming, cheek rubbing, and resting

Foraging Food-transporting Behavior of transporting a walnut

Food-searching Behavior of looking and digging at the ground 
without holding a walnut

Hoarding Behavior of looking, digging at the ground with 
holding a walnut, and burying walnut in the 
ground

Walnut manipulating Behavior of removing the rind and soil from the 
walnut, and putting the walnut back in the 
mouth.

Tab. 2 - Number of observed events in each behavior type and the results of a chi-
square test (p-value in total) and residual tests (p-value in each behavior type).

Behavior 
type

Subtype
No. of events

p-valueFallen 
dead tree

Ground

Locomotion - 59 43 <0.01

Vigilance - 57 69 0.31

Comfort - 13 1 <0.01

Foraging Food-transporting 27 42 0.65

Food-searching 0 28 <0.01

Hoarding 0 42 <0.01

Walnut manipulating 7 4 0.13

Total - 163 229 <0.01
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dead  trees.  The  GLMM  results  for  food-
searching  behavior  on  the  ground  indi-
cated that  it  was more frequent  in  areas 
with poor understory visibility (p < 0.05  – 
Fig. 2). No significant differences were de-
tected in hoarding behavior on the ground 
for any of the variables (p ≥ 0.05 – Fig. 2).

Discussion

Behavioral differences between fallen 
dead trees and the ground

More locomotion and comfort behaviors 
were observed on fallen dead trees  than 
on  the  ground,  indicating  that  Japanese 
squirrels  exhibit  different  usage  patterns 
for fallen dead trees and the ground (Tab.
2).  Fallen dead trees were used as move-
ment routes by Japanese squirrels, as pre-
viously reported in other studies (Douglass 
& Reinert 1982, Smith & Mannan 1994, Bak-
ker 2006, Cudworth & Koprowski 2011). Ja-
panese squirrels can move quickly and effi-
ciently over fallen dead trees, and the dry 
litter can help to conceal them from preda-
tors through the reduction of auditory cues 
(Fitzgerald & Wolff 1988, Bakker 2006). The 
observation of comfort behaviors such as 
resting  and  rubbing  only  on  fallen  dead 
trees  suggests  that  they  serve  as  an  in-
termediary  between  tree  tops  and  the 
ground, offering a small resting site during 
locomotion. Cheek rubbing by squirrels has 
been linked to grooming activities  during 
foraging (Halloran & Bekoff 1995), and it is 
possible  that  the animals  may have been 
removing smudges that  adhered to them 
while  collecting  walnuts.  Additionally,  re-
peated cheek rubbing at limited sites could 
indicate a marking behavior to help the ani-
mals familiarize themselves with their envi-
ronment and orient their activities.

In contrast, food-searching and hoarding 
behaviors were more commonly observed 
on the ground, likely due to the fact that 
Japanese  squirrels  frequently  use  it  as  a 

hoarding site  (Kato 1985,  Nishigaki  &  Ka-
wamichi  1996,  Tamura 1997,  Yatake et  al. 
1999).  While  previous  studies  have  indi-
cated that squirrels consume fungi and in-
sects  from decaying logs  and fallen dead 
trees  as  a  food source (Smith & Mannan 
1994, Cudworth & Koprowski 2011), no for-
aging behavior related to fallen dead trees 
was observed in this study. This could be a 
result of the survey being conducted dur-
ing the walnut fruiting period, when other 
food resources were scarce.

Relationship between behavioral type 
and fallen dead trees and 
environmental factors

The  differences  in  behavior  between 
fallen dead trees and the ground showed 
that fallen dead trees affect behavioral pat-
terns  of  Japanese  squirrels  (Tab.  2).  The 
GLMM  results  also  indicated  that  fallen 
dead  tree  size  and  surrounding  environ-
mental  factors influence squirrel  behavior 
(Fig. 2). Fallen dead tree size was found to 
have the greatest impact on vigilance be-
havior on fallen dead trees (Fig. 2). Larger 
fallen  dead  trees  offer  a  higher  vantage 
point,  allowing  the  squirrels  to  observe 
their  surroundings  more  effectively  and 
move more efficiently for longer periods of 
time.  Vigilance  behavior  was  also  more 
common in areas with high understory visi-
bility (Fig. 2), as these environments offer 
easy predator detection, particularly when 
large fallen dead trees are present and the 
understory vegetation is sparse. Japanese 
squirrels also tended to be more vigilant in 
areas with fewer nearby walnut trees (Fig.
2).  This  may  be  because  squirrels  have 
more pauses in unfamiliar locations, which 
decrease  with  repeated  experience  (Mc-
Adam & Kramer 1998). Repeated visits to 
walnut trees for hoarding behavior may re-
duce  the  number  of  pauses  near  these 
trees.

Foraging  behavior  was  also  affected  by 

fallen dead tree size, and walnut transport-
ing  behavior  increased  near  large  fallen 
dead  trees  (Fig.  2).  Japanese  squirrels 
hoard  walnuts  in  a  dispersed  manner  on 
the  ground  (Tamura  1997),  and  previous 
studies  have  shown  that  piles  of  logs  in 
forests can serve as conspicuous hoarding 
sites  for  non-hibernating  Hokkaido  squir-
rels (Sciurus vulgaris orientis – Minami et al. 
2019).  Large fallen dead trees may there-
fore act as visible food reservoirs for Japa-
nese  squirrels.  Food-searching  behavior, 
which is a type of foraging behavior on the 
ground, was more prevalent in areas with 
poor understory visibility (Fig. 2).  This be-
havior  leaves  the  squirrels  vulnerable  to 
predators as they dig in the soil with their 
eyes  focused  on  the  ground.  Japanese 
squirrels engage in this risky behavior in ar-
eas  with  dense  understory  vegetation  to 
avoid  predators,  as  they  may  easily  hide 
and detect  approaching predators by the 
sound of rustling grass.

Conclusions
In this study, we investigated the use of 

fallen dead trees by Japanese squirrels in 
cedar  plantations.  Our  findings  showed 
that fallen dead trees play a crucial role in 
the behavior of Japanese squirrels, serving 
as  landmarks  for  locomotion,  vigilance, 
resting,  and  hoarding  sites.  These  func-
tions  are  critical  for  the  survival  of  Japa-
nese squirrels, suggesting that fallen dead 
trees  in  planted forests  have positive im-
pacts on their  use of  microenvironments. 
However, it is advisable to conduct further 
research to determine the behavior of Ja-
panese  squirrels  in  other  seasons  and 
other  types  of  deadwood  to  provide  a 
comprehensive  understanding  of  dead-
wood function.

The results of this study support previous 
studies that found fallen dead trees posi-
tively  affect  small  mammals  in  both well-
managed and poorly managed planted for-
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Fig. 2 - Standardized 
regression coefficients 
of GLMMs for each 
behavior type on fallen 
trees and the ground (n 
= 154). Dark gray indi-
cates significant differ-
ences (p < 0.05), and 
light gray indicates no 
significant differences (p 
≥ 0.05).
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ests  (Douglass  &  Reinert  1982,  Smith  & 
Mannan  1994,  Bakker  2006,  Cudworth  & 
Koprowski  2011,  Fauteux  et  al.  2012,  Ya-
mada et al. 2016, Gray et al. 2019, Minami et 
al. 2019). The increase of deadwood due to 
disturbances  such  as  heavy  rainfall  and 
snowfall  resulting  from  climate  change 
may  provide  benefits  to  arboreal  small 
mammals in poorly managed planted for-
ests.  Additionally,  leaving  some  of  the 
deadwood  generated  during  the  harvest-
ing  process  in  properly  managed  forests 
can improve the quality of habitat for arbo-
real  small  mammals.  Future  research  can 
assess the value of planted forests for con-
servation  management  by  examining  the 
impact of deadwood on Japanese squirrel 
populations and other arboreal small mam-
mals.
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