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ABSTRACT 
 
Mammalian feeding behavior is often acquired or im- 
proved by learning. Social learners are thought to 
attain novel information or skills faster and at lower 
cost than asocial learners. In this study, we examined 
what types of learning affect the acquisition of effi- 
cient feeding behavior by the wood mouse Apodemus 
speciosus when feeding on large, hard-shelled walnuts. 
In house cages, naïve mice acquired an efficient feed- 
ing manner during the 14-day conditioning to walnuts, 
suggesting individual trial-and-error learning contri- 
butes to their feeding skills. Social factors such as 
learning from walnuts that have been opened by other 
individuals or by observing walnut consumption by 
proficient conspecifics did not affect the rate of ac- 
quisition of efficient feeding. However, weaned off-
spring could eat walnuts more efficiently and fre- 
quently if the mother had been given walnuts during 
her rearing period. Thus, the skill is likely transmit- 
ted between the mother and offspring in addition to 
individual self-learning. 
 
Keywords: Cultural Transmission; Feeding Skills; Ma-
ternal Effects; Rodent; Self-Learning; Social Learning 
 
1. INTRODUCTION  

Behavioral improvement with experience is the result of 
learning. Although learning is often thought of as an in- 
dividual exercise, in nature, much learning is social, i.e., 
under the influence of conspecifics. Typically, social 
learners acquire novel information or skills faster and at 
lower cost than self-learners [1]. Social learning can be 
defined as learning from social information and learning 
through social interactions. Different species have diffe- 
rent mechanisms of learning from social information, 
ranging from selective attention to the environment due 
to the presence of others to copying of complete sequ- 
ences. In vertical social learning, naïve individuals often 

learn skills or knowledge from parents, whereas hori- 
zontal social learning is from peers, either immature or 
adult individuals, and often involves eavesdropping. Be- 
cause vertical social learning is usually adaptive, mature 
individuals often prefer it to individual exploration [1]. 

Japanese walnuts, Juglans ailanthifolia Carrière, are 
highly nutritious seeds that are covered by an extremely 
hard shell. On mainland Honshu, Japan, because of the 
hard shell, major consumers of the walnut are Japanese 
squirrels, Sciurus lis Temminck, and Japanese wood mice, 
Apodemus speciosus (Temminck) [2,3]. Although the 
wood mice (20 - 60 g in body weight) are smaller than 
the squirrels (250 - 310 g) [4], they either eat the walnuts 
immediately after finding them or after hoarding them 
[5]. The mice gnaw holes in the shell and then pick the 
meat from the holes. One to 3 h is required for a mouse 
to eat the meat from one side of the nut, even if the shell 
is gnawed continuously. The positioning of the hole is a 
key factor in the ability to eat the meat without being 
obstructed by the inner partition wall and without leaving 
the meat in the deep portion of the nut [6]. Eating from a 
hole in the raphe of the shell is the most efficient strategy, 
whereas holes in other parts of the shell are less effective. 
Experience is likely to contribute to the development of 
walnut-feeding skills because 1) mice captured from ha- 
bitats with walnut trees tend to consume nuts more effi- 
ciently than mice from habitats without the trees, and 2) 
artificially supplementing walnuts in a natural habitat re- 
sults in an increased number of mice with efficient feed- 
ing skills [6]. Such behavioral modification by experi- 
ence implies that the mice are able to learn walnut-feed- 
ing skills. 

The purpose of this study was to determine how the 
mice learn efficient walnut feeding. In the wild, indivi- 
dual walnut-feeding skills are likely acquired through 1) 
trial-and-error, 2) from walnuts that have been opened by 
other individuals, 3) observing nut consumption by profi- 
cient conspecifics, or 4) the mother before natal dispersal. 
To examine processes 1) - 3), the feeding behaviors for 
consuming intact walnuts were compared among four 
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groups. For the first group, in which another individual 
had efficiently opened the walnuts, nuts were provided to 
all mice simultaneously. For the second group, a walnut 
with a small artificial hole at an appropriate position was 
given to each mouse simultaneously. For the third group, 
demonstrators were placed nearby the feeding mice, 
while the fourth (control) group was not provided with 
opened walnuts or demonstrators. In these observations, 
to avoid any confounding effects of experience with 
walnuts in the wild before the laboratory experiments, 
we used a population from Izu-Oshima Island (naïve to 
walnuts) because no walnut trees occur on this island. 
Finally, to examine learning process 4), field-caught pre- 
gnant females with efficient walnut-feeding skills were 
divided into two rearing groups. The first group was pro- 
vided with walnuts continuously until offspring became 
independent, whereas the second group had no access to 
walnuts just after the birth of the offspring. The mice 
hoard and eat walnuts in their underground nest sites [5]. 
Therefore, both experimental situations may occur in the 
field. The former conditions may provide the offspring a 
chance to learn walnut feeding, whereas this is not the 
case in the latter. Thus, this final experiment tested for 
the occurrence of vertical social learning from the 
mother. 

2. MATERIALS AND METHODS 

2.1. Observations of the Control Group 

The study site was on Izu-Oshima Island (34˚45'N, 
139˚22'E), located 108 km south of Tokyo, Japan. A 2.5- 
km2 study site was established in a forest on the southern 
part of this island. The main tree species were Castanop- 
sis cuspidata, Persea thunbergii, Cryptomeria japonica, 
and Alnus sieboldiana. The main understory species in-
cluded Camellia japonica, Aucuba japonica, and Pseu-
dosasa japonica. The walnut trees are not native to this 
island [7]. 

Mice were live-trapped using approximately 50 Sher- 
man traps (Folding Trap-LFA, 230 × 75 × 90 mm; H. B. 
Sherman Traps, Tallahassee, FL, USA) from February to 
October in 2006 and from May 2009 to May 2010. The 
traps were covered with vinyl and fixed to the substrates 
on the ground with wire. Peanuts and cotton were pro- 
vided in the traps as food and nest material, respectively. 
The traps were set in the late afternoon and recovered at 
dawn in the next morning. Lactating females were re- 
leased immediately at the capture sites. All other cap- 
tured mice were taken to the laboratory with carrying 
cages (240 × 155 × 145 mm; Sanko Shokai Co. Ltd, Osa- 
ka, Japan) in which peanuts, a piece of apple, water, and 
cotton were supplied. After mice were sexed, weighed, 
and assessed for reproductive state, they were placed in 
individual cages (200 × 250 × 350 mm). Each cage was 

partitioned with screen, so that mice could not see each 
other. A transparent plastic box (70 × 70 × 200 mm) was 
used as the nest site. This box included wood shavings 
and had two entrance holes. One or two small, dead 
twigs (20 mm in diameter, 250 mm long) were also 
placed in the cages to simulate natural habitats. One pea- 
nut and five sunflower seeds were supplied daily. Rodent 
pellets (Hamster and Lis Lunch; Hipet Co. Ltd, Osaka, 
Japan) were also added daily at an amount representing 
10% of the body weight of the mouse. Water was pro- 
vided ad libitum. A small piece of apple was supplied on 
days 1 - 3, and half of a small dried sardine was supplied 
on days 6 and 10 as supplemental food. Mice were reared 
under nearly natural temperature and day length condi- 
tions except that the temperature was prevented from 
exceeding 28˚C in the summer. After the observations 
were complete, the mice were released at their original 
capture sites after clipping a single toe to mark individu- 
als to avoid repeated usage of the mice. 

Walnuts were collected in the field at Chiyoda, Ibaraki 
Prefecture, and stored under dark, cool conditions until 
use. On each day of the experiment, one walnut was ran- 
domly chosen and placed in each mouse cage (Figure 
1(a)) in the evening after it was weighed and measured 
(maximum height, width, and thickness). We used π (height 
× width × thickness)/6 as an indicator of walnut volume 
(mm3). All nuts were recovered the following day, and 
their position in the cage and all signs of feeding were 
noted. This trial was repeated for 14 consecutive days 
after mice were captured. Half of a cracked walnut was 
supplied to each mouse on the 15th day, and we checked 
whether the meat had been eaten the following day. 
Feeding behaviors were divided into five grades: intact 
(including slightly moved nuts), hoarded, gnawed, eaten 
on one side, and eaten on two sides. If walnuts were 
eaten, we distinguished between efficient and inefficient 
feeding based on the feeding marks. The time from the 
beginning of gnawing to the end of eating was deter- 
mined using a video camera (Digital Handycam models: 
DCR-TRV 17, DCR-TRV 30, DCR-PC 300, DCR-HC 
90, or DCR-HC 96; Sony, Tokyo, Japan). This feeding 
time excluded resting time, during which mice ceased 
feeding for more than 1 min. Behavior at night was 
videotaped under weak light (<1.0 lux). 

The feeding skill development was divided into four 
categories and scored as follows: A, when a mouse ate 
the meat from a hole on the raphe (i.e., efficient feeding) 
from the beginning of the 14-day observation period; B 
when efficient feeding occurred after several inefficient 
feedings; B’ if feeding was still inefficient on the 14th 
day, and C if the mouse never consumed the walnut meat 
during the observation period. 
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2.2. Learning from Feeding Signs and 
Demonstrators 

To examine the effect of feeding signs on the feeding be- 
havior, the mice of this experimental group (Ex. 1) were 
given an additional walnut every day, one side of which 
was opened and eaten by a proficient mouse, while the 
other side remained intact (Figure 1(b)). The walnuts 
with efficient feeding signs were derived from previous 
experiments [6] using the mice from the Tama Forest 
Science Garden, Hachioji, Tokyo (35˚39'N, 139˚16'E), 
and Yugashima, the Izu Peninsula, Shizuoka Prefecture 
(34˚52'N, 138˚54'E). The feeding behavior was observed 
in the same manner as for the above-mentioned control 
group. 

In addition, to examine the effect of feeding signs, the 
mice of the second experimental group (Ex. 2) were given 
an additional walnut that had been artificially opened on 
one side using a steel rasp and the meat left in (Figure 
1(c)). The methods of observation were the same as Ex. 
1. 

For the third experiment (Ex. 3), the feeding behavior 
of the mice with demonstrators was monitored in the 
same way as described above to examine whether mice 
learn feeding more efficiently by observing walnut con- 
sumption by proficient conspecifics (Figure 1(d)). In 
this experiment, six mice (2 males, 4 females) captured 
in March 2006 from the Yugashima population, which 
open walnuts efficiently, were used as demonstrators. 
Cages containing the object mouse and the demonstrator 
were placed within 10 mm of one another to allow the 
mice to observe each other. During the 14-day monitor- 
ing period, the demonstrators fed on an average of 5.2 
walnuts (N = 20, SD = 3.5) and the proportion of effi- 
cient feedings was 62.4% (N = 20, SD = 33.6). 

An analysis of variance (ANOVA) was used to com-
pare the body weights of mice, the volume of nuts, the 
weight of nuts, and the feeding times. A Kruskal-Wallis 
test was used to compare the number of nuts and the 
proportion of efficient feedings because the data were 
unlikely to be normally distributed. 

2.3. Learning from Mothers 

Fifteen pregnant females collected in the field from Sep-
tember 2005 to May 2010 that were confirmed to eat 
walnuts efficiently within the first 14-day monitoring 
period were used in this experiment. The walnut-avai- 
lable group was supplied with walnuts throughout the 
period, whereas for the walnut-unavailable group, wal- 
nuts were not provided once the mice produced offspring. 
The former group contained eight females: three from 
the Tama Forest Science Garden, three from Yugashima, 
one from Izu-Oshima, and one from Kakegawa (Shizu- 
oka; 34˚77'N, 138˚01'E). The latter group contained  

seven females: two from the Tama Forest Science Gar-
den, one from Kazuma (Tokyo; 35˚73'N, 139˚04'E), one 
from Yugashima, two from Izu-Oshima, and one from 
Kakegawa. 

Field-caught females were placed in individual cages 
(200  250  350 mm). During the first 14 days, the 
rearing and observation methods were the same as in the 
control group. After that, we continued to provide one 
walnut every day until offspring were produced, which 
was easily determined by their squeaks. After birth, one 
group of females was provided with a walnut everyday 
(walnut-available group), while the other group was not 
given any walnuts (walnut-unavailable group) (Figure 
1(e)). By 26 - 35 days after birth, which was determined 
to be approximately 2 weeks after the first day that off-
spring moved out of the nest, offspring were separated 
from the mother and reared individually in new cages 
(100  200  300 mm). At this time, the body weight of 
each offspring was measured. For the walnut-available 
group, the mother consumed 16 - 33 walnuts (N = 8, 24.5 
± 6.0 SD) during the pup-rearing period, and the propor-
tion of efficient feedings was 88.1% (N = 8, SD = 11.5). 
The feeding behavior of these offspring was monitored 
for 30 days during which one whole walnut was given on 
1 day, then recovered on the following day for examina-
tion (Figure 1(e)). On the 31st day, half of a cracked 
walnut was supplied to each mouse, and whether the 
meat had been eaten was checked the following day. 
Once the individual offspring were able to eat walnuts in 
an efficient manner, monitoring was stopped and the 
body weight at this time was measured. The mice that 
failed to eat walnuts were weighed at the end of moni- 
toring (31st day). 

A t-test was used to compare the data between the two 
groups unless the variances were not equal, in which 
case Welch’s approximate t was used [8]. 

3. RESULTS 

3.1. Feeding Behavior of the Control Group 

Thirty-one mice were monitored regarding their feeding 
behavior for 14 days. The mean body weight of mice was 
35.4 ± 8.0 g (N = 31). The sex ratio (proportion of males) 
was 0.42 (13/31). The supplied walnuts were 14.2  103 
± 0.4 mm3 (N = 31) in volume and 9.15 ± 0.18 g (N = 31) 
in weight. Of a total of 14 walnuts, 5.3 ± 3.8 (N = 31) 
were intact, 3.3 ± 3.7 (N = 31) were gnawed, and 1.0 ± 
1.8 (N = 31) were eaten. Eight of 31 (25.8%) mice were 
observed to eat walnut meat at least once. When the 
walnuts were eaten, the proportion of efficient feedings 
was 57.1 ± 35.4% (N = 8). The feeding time was 130.9 ± 
33.9 min (N = 8). On the 15th day, the meat of the 
cracked walnuts was eaten by all 31 mice. 
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Figure 1. Schematic drawings of the study designs and treatments of the mice for examining 
the effects of feeding signs and demonstrators: (a) Control; (b) Experiment 1; (c) Experiment 2; 
(d) Experiment 3; (e) examining social learning between the mother and offspring. If opened at 
the central part of raphe, mice can eat walnuts efficiently. Only intact walnuts were given in 
the Control, whereas walnuts opened on one side by other proficient mice or by using a steel 
rasp were provided in Experiments 1 and 2, respectively. In Experiment 3, proficient mice 
were placed close to the experimental mice. In the mother-offspring experiment, once the off-
spring were produced, one group was provided a walnut every day (walnut-available group), 
while the other group was not given any walnuts (walnut-unavailable group). 

 
3.2. Effects of Feeding Signs and Demonstrators ing pattern, the combined proportions of A, B, and B’ 

(the proportion of mice that could eat the nuts) were sta- 
tistically compared among the groups: 8 of 31 (25.8%), 2 
of 20 (10.0%), 6 of 20 (30.0%), and 2 of 20 (10.0%) for 
the Control, Ex. 1, Ex. 2, and Ex. 3, respectively. This 
difference was not significant (chi-square test: 2

3  = 
4.44, P = 0.22). Even if the walnuts were eaten, the pro- 
portion of efficient feedings (Figure 2(f); Kruskal-Wallis 
test, H3 = 1.52, P = 0.68) and the feeding time (Figure 
2(g); ANOVA, F3.10 = 1.09, P = 0.40) did not differ sig- 
nificantly among the groups. 

The feeding behaviors were examined for each of the 20 
mice in the three experimental groups, and the results 
were compared among four groups including the control. 
The body weight of mice differed significantly among 
the groups (Figure 2(a); ANOVA, F3.87 = 2.78, P = 0.01). 
The sex ratio was similar among the groups: 11 males 
and 9 females in Ex. 1, 10 males and 10 females in Ex. 2, 
and 13 males and 7 females in Ex. 3 (chi-square test: 2

3  
= 2.71, P = 0.44). The mean size of walnuts supplied to 
the mice was approximately 14 × 103 mm3 (range 13.7- 
14.4 ×103 mm3), although it differed significantly among 
the four groups (Figure 2(b); ANOVA, F3.87 = 11.61, P 
< 0.001). The mean weight of the nuts ranged from 9.07 
to 9.15 g, but did not differ among the groups (ANOVA, 
F3.87 = 1.31, P = 0.28). 

For the mice in Ex. 1, walnuts with feeding marks 
(one side not eaten) were available in addition to a fresh 
one (Figure 1(b)). During the 14 days, nine of 20 (45.0%) 
mice gnawed these marked walnuts (1 - 9 nuts/individual), 
and two (10.0%) mice ate the uneaten side of the marked 
walnuts (one ate one nut and the other ate five nuts). 
However, their feeding manner was always inefficient 
and no fresh nuts, which were given simultaneously, 
were eaten. For the mice in Ex. 2, walnuts with an artifi- 
cially made small hole (one side only) were also avail- 
able (Figure 1(c)). During 14 days, 17 of 20 (85.0%) 
mice gnawed these holed walnuts (1 - 14 nuts/mouse), 
and five (25.0%) mice ate the un-holed side of the wal- 
nuts (1 - 5 nuts/mouse). The proportion of efficient feed- 
ings on the un-holed side of walnuts was 34.7% (N = 5,  

The number of intact walnuts did not differ significan- 
tly among the four groups (Figure 2(c): Kruskal-Wallis 
test, H3 = 4.44, P = 0.22). Neither the number of nuts 
gnawed and/or eaten nor the number of nuts eaten dif- 
fered among the groups (Figure 2(d): Kruskal-Wallis 
test, H3 = 1.25, P = 0.74; Figure 2(e): Kruskal-Wallis 
test, H3 = 2.10, P = 0.55). The proportion of the four 
feeding patterns (A, B, B’, and C) did not differ signifi- 
cantly among the control group and Experiments 1 - 3 
(Figure 3(a)). Due to the small proportion of each feed- 
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Figure 2. Effects of feeding signs produced by other mice (Ex. 1), those opened using a steel rasp (Ex. 2), and the demonstrators (Ex. 
3) on the feeding behavior (c)-(g) of the target mice. The body weight of the mice (a) and the walnut size given (b) are also shown. N 
indicates the number of mice examined. Bars indicate ± SD. 
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Figure 3. The proportion of mice with four feeding patterns of 
walnuts in the Control, Experiment 1 (adding walnuts with a 
feeding sign), Experiment 2 (adding walnuts with an artificial 
hole), and Experiment 3 (seeing demonstrators) after a 14-day 
training period (a), and in walnut-unavailable and available 
conditions when the mother was rearing pups (b). Feeding pat-
tern A involves eating the meat from the hole on the raphe from 
the beginning of the 14-day observation period, while B repre-
sents efficiently eating the meat after several inefficient feed-
ings; B’ remains inefficient after 14 days, and C indicates that 
the mice never ate the meat during the observation period. N is 
the number of mice examined. 
 
SD = 41.0). However, three of these five mice never ate 
the fresh nuts that were given simultaneously. 

On the 15th day, all mice ate the meat of the cracked 

nuts in Experiments 1 - 3, which was the same result for 
the control group. 

3.3. Learning from the Mother 

The mean litter size was 3.6 (N = 7, SD = 1.1) and 5.0 (N 
= 8, SD = 2.1) for the walnut-unavailable and available 
mothers, respectively. This difference was not significant 
(t-test, t13 = 2.16, P = 0.14). Twenty-five (14 males, 11 
females) and 40 pups (17 males, 23 females) were ob-
tained from the walnut-unavailable and available groups, 
respectively. The sex ratio did not differ significantly 
between the two groups (chi-square test; 2

1  = 1.12, P 
= 0.29). The pups were separated from the mother to 
start monitoring their feeding behavior at 31.6 days old 
(N = 25, SD = 2.3) and 20.7 g (N = 25, SD = 5.7) for the 
walnut-unavailable group and 32.4 days old (N = 40, SD 
= 2.0) and 19.8 g (N = 40, SD = 4.0) for the walnut- 
available group. The age and weight at the onset of mo- 
nitoring did not differ between the two groups (t-tests; t63 
= 2.00, P = 0.10, and t39 = 1.68, P = 0.48, respectively). 
The volumes and weights of the walnuts used to monitor 
the pups’ feeding behavior were 12.4 (N = 25, SD = 0.5) 
× 103 mm3 and 11.9 (N = 40, SD = 0.5) × 103 mm3 in the 
walnut-unavailable and available groups, respectively 
(t-test, t63 = 3.57, P = 0.0007), and 8.24 g (N = 25, SD = 
0.19) and 8.21 g (N = 40, SD = 0.17) in the walnut-un- 
available and available groups, respectively (t-test, t63 = 
0.65, P = 0.52). 

The proportions of pups scored as A, B, B’, and C 
during the monitoring period differed significantly be-
tween the walnut-unavailable and available groups (Fig- 
ure 3(b)) (chi-square test; 2

2  = 9.92, P = 0.004). Pups 
that fed efficiently from the beginning (scored as A) in-
creased when reared by the mother that was provided 
with walnuts. The pups at the first efficient nut-con- 
sumption were 44.9 days old (N = 8, SD = 7.4) and 28.8 
g (N = 8, SD = 4.9) in the walnut-unavailable group and 
44.4 days old (N = 25, SD = 8.6) and 27.3 g (N = 23, SD 
= 5.2) in the walnut-available group. These values did 
not differ between the two groups (t-tests; t31 = 1.70, P = 
0.90, and t29 = 1.70, P = 0.49 for age and weight, respec-
tively). 

On the last monitoring (30th) day, 17 and 15 pups 
were still unable to efficiently eat the walnuts in the wal-
nut-unavailable and available groups, respectively. These 
failed pups were 63.0 days old (N = 17, SD = 1.8) and 
31.8 g (N = 17, SD = 6.9) in the walnut-unavailable 
group and 63.9 days old (N = 15, SD = 1.7) and 30.0 g 
(N = 15, SD = 6.3) in the walnut-available group. The 
age and weight of these pups did not differ significantly 
between the two groups (t-tests; t30 = 1.38, P = 0.18, and 
t30 = 0.77, P = 0.45, respectively). On the 31st day, all 
pups ate the walnut meat from the cracked nut. 
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4. DISCUSSION 

To gain access to the walnut meat, the mice gnaw the 
hard shell while holding the nut on the ground with both 
paws. This appears to be a difficult task as approximately 
2 h was required for a mouse to finish gnawing through 
the shell and eating the meat from one side of the nut, 
even if the attempt was continuous. Walnut trees are not 
distributed on Izu-Oshima Island [7]. Walnuts appeared 
to be the preferable food items, even for the mice on this 
island, because they all consumed the meat when cracked 
nuts were provided. However, only a few individuals 
managed to eat the walnuts. In the control group, 25.8% 
of mice were able to eat the nuts during the 14-day pe-
riod, suggesting that the mice were able to improve their 
feeding techniques via individual trial-and-error learning. 
This type of self learning has been reported for other 
rodent species including Eurasian red squirrels (Sciurus 
vulgaris) feeding on hazelnuts [9], the Japanese squirrel 
(Sciurus lis) feeding on walnuts [10], Norway rats (Rat-
tus norvegicus) feeding on mollusks inhabiting a river 
bottom [11,12], and Algerian mice (Mus spretus) feeding 
on acorns without weevil infestation [13]. 

Social factors are also important in the development of 
feeding behavior. To the extent that a naïve animal can 
use the behavior of other individuals to guide the deve- 
lopment of its own behavioral repertories, it should be 
able to acquire adaptive responses to environmental de- 
mands without incurring all of the costs of individual 
trial-and-error learning [14]. For example, black rats 
(Rattus rattus) that have experience removing the scales 
from a pinecone that has been partially opened by either 
another rat or a human experimenter become proficient 
extractors of seeds [15,16]. The black rat can also ac- 
quire pinecone-stripping techniques through cultural 
transmission from the dam to its pups [15,16]. In Ameri- 
can red squirrels, Tamiasciurus hudsonicus, naïve cap- 
tive individuals learn to open hickory nuts by watching 
conspecifics complete the task [17]. Here, we examined 
whether mice learn from encountering walnuts that have 
been opened either by other individuals or artificially, 
and from observing nut consumption by proficient con- 
specifics. We found no significant effect of these factors 
on the improvement of feeding behavior. In some rodent 
species, younger individuals are better able to learn from 
demonstrators than older ones [10,18,19]; however, ex- 
amining this characteristic in A. speciosus was difficult 
because the immature period was very short compared to 
the training period. 

In the mother-offspring experiments, offspring were 
able to eat walnuts more efficiently when reared by the 
walnut-consuming mothers, which suggests that social 
learning between the mother and offspring is effective 
for transmitting efficient walnut-feeding skills. In our 

experiment, however, an alternative explanation may 
apply that does not involve social learning. The offspring 
of the mice whose mother opened walnuts throughout 
their nursing and weaning period would have been fa- 
miliar with the walnuts; they would have manipulated 
them as well as consumed the kernel extracted by their 
mothers, and thus would know that walnuts are a good 
food source. Thus, these youngsters might be more mo- 
tivated to attempt opening the walnuts themselves. Con- 
versely, the offspring of the mothers that did not receive 
walnuts would be less motivated to attempt to open the 
walnut during the tests. The difference in motivation could 
affect whether the youngsters approach and manipulate 
the walnuts, which in turn could affect whether they are 
able to learn to efficiently open them. 

Although the mechanism behind mother-offspring in- 
teractions is still unclear, the experimental situations 
used in this study may be similar to field conditions. Fe- 
male mice rear their offspring in underground nests, 
where the mother stores walnuts in the autumn for later 
consumption [5]. In central Japan, these mice experience 
two reproductive seasons, one in early summer and one 
in late autumn [4]. The late-autumn breeding in particu- 
lar fits our experimental situations because the mother 
eats stored walnuts during the rearing period. In Apode- 
mus rodents, females tend to settle near the natal site 
while males tend to disperse far away [20]. The trans- 
mission of feeding skills from the mother to daughters 
may be more important than that from a mother to sons 
because the sons cannot transmit the skill to other indi- 
viduals or to the next generation. In contrast, daughters 
with efficient feeding skills have a good chance of re- 
producing near the mother’s range (i.e., within the vicin- 
ity of walnut trees), and thus their skills would be useful 
for the next generation. This may explain why a high 
proportion (92%) of walnuts are efficiently opened in the 
field [6]. 
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