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Abstract 
Past studies have revealed the benefits of rodent participation in the colonization process of oak species. Certain rodent 
species (Apodemus sylvaticus and Mus spretus) partially consume acorns, beginning at the basal part and preserving the 
embryo. Perea et al. (2011) and Yang and Yi (2012) found that during periods of abundance, the remains left after partial 
consumption continue to be present on the surface and are not transported to caches, given that they are perceived as leftovers. 
These remains, produced after several visits by the cache owner or by thieving conspecifics, also appear in the caches. If 
they are perceived as offal, they will not be attacked and may remain in these stores for longer periods, serving as resources 
for the cache builder. Our objective is to determine whether these remnants are perceived as offal by the rodent generating 
them or if the remains left by other rodents are considered offal. This is relevant in cases of theft, a common behavior of this 
species, if the thieving animals reject the remains. The results suggest that foreign remains and the rodents’ own remains are 
not rejected, but rather, they are consumed in preference to intact acorns. The intact acorns remain in the cache for longer 
periods and have a greater opportunity to germinate and emerge. Rodents prefer to consume foreign remains first. This may 
be due to the fact that, in case of shortage, it is considered advantageous to finish the reserves of a potential competitor 
before depleting one’s own reserves.

Significance statement
Rodents participate in the acorn dissemination process by constructing surface stores (caches). The rodent species studied 
here partially consumes acorns, beginning with the basal part and preserving the embryo located at the apical end. These 
partially consumed acorn remains are considered offal and remain in the caches for longer periods, serving as reserves for 
the rodent. Our objective is to examine whether these acorn remains are viewed as offal by the rodents. We have found that, 
to the contrary, they are consumed before intact acorns. Intact acorns remain in the caches for longer periods, assuming the 
role of reserves and taking on a greater capacity to germinate. This species of rodent differentiates between its own remains 
and those of others, first consuming the foreign offal. Therefore, their own offal remains in the stores for longer periods and 
may potentially germinate if the embryo is preserved. This behavior has been demonstrated by this rodent species.

Keywords  Acorns · Partial consumption · Preserved embryo · Rodents · Leftovers

Introduction

In previous studies, authors demonstrated the benefits of 
rodent participation in the colonization process of oak spe-
cies (Morán-López et al. 2016; Gallego et al. 2017; Wang 
and Corlett 2017; Del Arco et al. 2018). Some authors have 
revealed that certain rodent species (Apodemus sylvaticus 
and Mus spretus) partially consume acorns, based on the 
ratio between the mass of acorns and the animal’s body mass 
(Muñoz and Bonal 2008), beginning at the basal part and 
preserving the embryo (Perea et al. 2011; Del Arco et al. 
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2018; Del Arco and Del Arco 2022), in both surface and 
scatter hoard caches (Del Arco and Carretero 2013; Zhang 
et  al. 2014; Zhang et  al. 2016; Mittelman et  al. 2021). 
Embryo preservation enhances the mutualistic relationship 
between the plant and the rodent (Muñoz and Bonal 2008; 
Del Arco et al. 2018; Bogdziewicz et al. 2020; Moore and 
Dittel 2020; Del Arco and Del Arco 2022).

Perea et al. (2011) and Yang and Yi (2012) found that 
during periods of abundance, the remains produced after 
partial consumption are left on the surface without being 
transported to the scatter hoard, where they would be bur-
ied (Perea et al. 2016; Dittel et al. 2017; Wang et al. 2017; 
Dittel and Vander Wall 2018; Li et al. 2018; Yi et al. 2019). 
Transporting these remains is not considered worthwhile. 
These acorns are left on the ground because competitors 
perceive them as leftovers (Perea et al. 2011). There is a lack 
of interest in the uneaten remains due to their perception 
as offal, undesired waste, because they lose turgidity upon 
dying, potentially altering their nutritional composition, with 
a possible resulting bad taste. If taken to the buried caches, 
the moisture of the remains would increase and they could 
potentially germinate and shell (Perea et al. 2011; Yang and 
Yi 2012). The caches contain remains of partially consumed 
acorns resulting from successive visits by cache owners or 
thieving rodents to feed (Muñoz and Bonal 2011; Yi et al. 
2016; Yang and Yi 2018).

The M. spretus species displays these behaviors. These 
rodents partially consume acorns, starting at the basal end 
and maintaining the embryo. They build hoards that they 
visit repeatedly to stock up on food (Bartlow et al. 2018), 
while pilfering from other rodents’ hoards encountered dur-
ing the foraging period (Wang et al. 2017, 2018, 2019).

The following questions arise in response to these behav-
iors: Are partially consumed acorn remains in fact perceived 
as offal by this rodent species and subsequently rejected? 
Can this species differentiate between its own remains and 
remains generated by a distinct congener? Which does it 
prefer? The consequences of the oak seed dispersal process 
are clear. If the remains are rejected by the owner of the 
cache or by the rodent acting as a thief, they will remain 
in the cache for a longer period, and because the embryo is 
preserved, they will germinate.

To respond to these questions, we designed three experi-
ments. In the first and the second experiments, we attempted 
to determine if the rodents’ own remains (experiment 1) or 
foreign remains (experiment 2) were rejected. In the third 
experiment, we examined whether this species differentiates 
between remains and which it prefers, its own or those of 
others.

Once the results of these three experiments were 
obtained, another doubt arose. The remains used in the three 
experiments were between 1 and 3 days old, but we found 
that remains that had an age of up to 1 week were covered 

with fungi and mold on the open cotyledons. This led to 
the following question: Does the presence of mold change 
the organoleptic characteristics of the remains and alter the 
preferences observed in the three previous experiments? To 
test this, we repeated experiments 1 and 2, but using 1-week-
old remains containing mold. These are the fourth and fifth 
experiments.

The presence of each of these types of acorns in the 
caches and the time remaining in storage condition the suc-
cess of the oak dispersal process.

Methods

Study system

For this study, we captured 15 Mus spretus Lataste, 1883 
(Algerian mouse) specimens. They were placed in a 100 m2 
fenced enclosure. Inside this enclosure, 16 plots measuring 
4 m2 (2*2 m per side) were built. Each of these plots was 
isolated using a 2 m wide metal sheet buried in the ground 
at a depth of 50 cm and a height of 1 m on all sides of the 
square to prevent the rodents from escaping by jumping. 
Under these conditions, the mice behaved as if they were in 
semi-wild conditions: building burrows, creating shallow 
storages, galleries, pantries, and caches to hide the acorns, 
which they moved around the plot.

Experimental procedures and design

The rodents were fed with acorns from the Quercus ilex 
subsp. (Desf.) Samp. (Holm oak). This plant species 
dominates in distribution and abundance in the study area, 
making it likely that this rodent species has fed on these 
acorns since ancient times. The acorns were collected in 
the environment where the mice were captured. All of the 
acorns selected for the study were marked with a small 
and numbered plastic tag that was attached by a thin wire 
placed in the middle of the acorns (Fig. 1). They were all 
weighed with their label and wire prior to being placed 
in the plot. This is a nocturnal rodent species. All acorns, 
remains or intact, that remained after each night of breed-
ing were removed in the early morning hours after search-
ing the plot for the remnants of the nocturnal transport. 
This species engages in the partial consumption of most 
of the acorns, starting at the basal end and keeping the 
embryo at the apical end until the acorn is completely 
consumed (Fig. 1). All acorn remains were reweighed with 
their label and wire to estimate the mass consumed per 
acorn during the night. They were then quickly returned 
to the plot in their initial position to prevent odor loss due 
to handling. This handling was performed using sterilized 
paints and gloves to avoid altering any odor marks that 
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the rodent may have left on the acorns with their urine or 
defecation during the previous night (Sunyer et al. 2013). 
On days prior to the start of each experiment, we provided 
each mouse with a large number of weighed and labeled 
acorns. The objective was to have several partially con-
sumed acorns from each rodent in order to consider these 
remains their own offal. Some of these partially consumed 
acorn remains were kept for a week in small cages, inac-
cessible to the mouse, situated in the plots of each rodent. 
During this period, the remains suffered a natural deterio-
ration and became covered with mold as occurs in acorns 
processed by these rodents in the wild. In each experiment, 
the acorns were offered in a pile that was placed in an area 
of the plot that was covered superficially by earth, stones, 
leaf litter, or dry grasses, imitating the caches made by this 
species in the wild.

To respond to these questions, we designed five experi-
ments (Fig. 2). The first three refer to the questions that 
initially prompted this study: Are the remains perceived as 
offal? Do the rodents distinguish between their own remains 
and those of others? The last two experiments, the fourth and 
fifth, were designed upon finding that the age of the remains 
could change the organoleptic characteristics of the same, 
potentially influencing consumption preferences. These 
experiments refer to the following questions: Are remains 
containing mold rejected? To conduct the experiments, 
we used five types of acorns: intact (I), 1–3-day-old own 
remains (PI), 1–3-day-old foreign remains (PO), 1-week-old 
own remains (PIM), and 1-week-old foreign remains (POM) 
(Fig. 2).

First experiment

In the first experiment we attempted to answer the question: 
Are the rodents’ own remains perceived as offal? Are the 
rodents’ own remains rejected?

In response to these questions, we examined the rodents’ 
preference for their own remains as compared to the intact 
acorns. We gave the 15 rodents five intact acorns (I), and five 
of their own 1–3-day-old remains (PI) every day for 10 days 
(Fig. 3). A total of 1500 acorns were used during the experi-
ment. We estimated these preferences as a function of the 
number of acorns attacked in each group, as a function of the 
total mass consumed each day within each group, and as a 
function of the mean mass consumed per acorn or remainder 
each day within the two groups. These same three means of 
estimating preferences were applied in the five experiments.

Second experiment

The second experiment was designed to respond to the 
questions: Are foreign remains perceived as offal? Are they 
rejected and not attacked? Like the previous one, this experi-
ment lasted 10 days and the same 15 mice were used. Each 
day, the mice were provided with five intact acorns (I) and 
five 1–3-day-old remains (PO) generated by another conge-
ner (Fig. 3). We examined the preferences for intact acorns 
or foreign remains, as a function of the number of acorns 
attacked in each group, as a function of the total mass con-
sumed each day within each group, and as a function of the 
mean mass consumed per acorn or remains each day within 
the two groups.

Third experiment

The third experiment was designed in response to the 
question: “Which remains does this rodent species pre-
fer, its own or those of others? During the 10 days of the 
experiment, we provided each of the 15 mice with five 

Fig. 1   Remains of acorns attacked by M. spretus starting from 
the basal end. The embryo is at the apical end, which is preserved. 
Below, remains of acorns (own or foreign remains) with their label 
and wire to be weighed
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remains generated by the mouse (PI) and five remains 
generated by another rodent (PO) (Fig. 3). In both cases, 
the remains were generated during the previous three 
days. We examined the preferences according to the num-
ber of remains of each group attacked by each mouse each 
day, the total mass consumed per day in each group, and 
the mean mass consumed per acorn each day.

Given that it was verified that the remains deterio-
rate over time, with the cotyledons exposed to the air 
becoming covered with fungi and molds, the following 
question arose: Can these modifications due to the age of 
the remains affect the preferences of this rodent species 
seen in the previous experiments? To consider this, we 
repeated experiments 1 and 2 by replacing the 3-day-old 
remains with 1-week-old offal.

Fourth experiment

In this experiment, a repetition of the first one, we asked, 
are the remains rejected due to the presence of mold? This 
experiment also lasted 10 days and the same 15 mice were 
used (Fig. 4). Each day, they were provided with five intact 
acorns (I) and five 1-week-old remains with molds (PIM) 
generated by the mouse. We used the variables number, total 
daily mass, and mean mass consumed per acorn to estimate 
the preferences for the two groups of acorns provided.

Fifth experiment

In the fifth experiment, a repetition of the second, we asked 
the same question as previously, although in this case, with 

Fig. 2   Description of the 
experiments performed. Types 
of acorns used in each one and 
questions to be answered
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foreign remains: Are foreign remains rejected due to the 
presence of mold? This experiment also lasted 10 days and 
the same 15 mice were used. Each day, the mice were pro-
vided with five intact acorns (I) and five 1-week-old remains 
with molds (POM) generated by another congener (Fig. 4). 
We used the number of acorns attacked per rodent per day, 
the total daily mass consumed by each mouse, and the mean 
mass consumed per acorn per day to estimate preferences for 
the two groups of acorns provided.

Data analysis

The possible effects of acorn category consumption (intact 
acorns (I), acorns that were partially consumed by the mice 
(PI), those partially consumed by a conspecific (PO)), day 
(10 levels), and interactions with the number of acorns eaten 
per specimen, total acorns mass per day, and mean acorns 
mass per day, were analyzed using linear mixed models 
(LMM) with the restricted maximum likelihood method 
(REML). The specimens were treated as the random fac-
tor and time was the repeated factor. Finally, working with 

the model matrix, contrasts were performed to examine the 
differences between fixed factor levels (Pinheiro and Bates 
2000). The Bonferroni correction was used to adjust for the 
significance level of each t-test (Sokal and Rohlf 1995). 
Statistical calculations were performed in the R software 
environment (version 2.15.3; R Core Team 2013), using the 
NLME package for LMM (Pinheiro et al. 2013).

Blinded methods were used for the recording and analysis 
of all behavioral data, to minimize observer bias.

Results

In the first experiment, we examined the preferences of the 
Algerian mouse for intact acorns (I) or for remains gener-
ated by the rodent itself (PI). The LMM indicates that, 
for the three variables measured, significant differences 
exist between the two groups (Table 1). The number of 
acorns consumed each day by each mouse was higher in 
the remains group (PI) than in the intact acorn group (I) 
(Fig. 1a). The total daily mass of acorns consumed was 

Fig. 3   Acorn categories consumed by M. spretus in a experiment 1 
(I, intact; PI, own remains 1–3 days old); b experiment 2 (I, intact; 
PO, foreign remains 1–3 days old); c experiment 3 (PI, own remains 

1–3 days old; PO, foreign remains 1–3 days old). Number of acorns/
day; total mass/day (g); mean mass/acorn day (g), each mouse per 
day, 15 mice, 10 days
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also higher in the remains group (Fig. 1a). Similarly, the 
mean mass consumed per acorn was higher in the remains 
group than in the group of intact acorns (Fig. 1a).

No significant differences in time were found between 
the two groups of acorns for any of the three variables 
used (Table 1). Therefore, neither the number of acorns 
attacked, the daily mass consumed, nor the average mass 
per acorn changed over the days of the experiment.

As a result of the second experiment in which we com-
pared the preferences of the Algerian mouse for intact acorns 
(I) or remains generated by another congeneric rodent (PO), 
according to the LMM, it was found that significant differ-
ences exist between both acorn groups (Table 2). Specifi-
cally, the number of acorns consumed daily by each mouse 
is higher in the foreign remains (PO) group than in the intact 
acorn (I) group (Fig. 1b). The same is true for the total mass 

Fig. 4   Acorn categories consumed by M. spretus in a experiment 4 
(I, intact; PIM, own remains 1 week old with molds); b experiment 5 
(I, intact; POM, foreign remains 1 week old with molds). Number of 

acorns/day; total mass/day (g); mean mass/acorn day (g), each mouse 
per day, 15 mice, 10 days
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of acorns consumed per day and the mean mass per acorn 
consumed daily (Fig. 1b). In both cases, they are higher in 
the foreign remains (PO) group than in the intact acorn (I) 
group. Time does not significantly affect the three variables 
(Table 2).

In the third experiment, we tested the preferences of the 
Algerian mouse for its own remains (PI) and foreign remains 
(PO). The results reveal significant differences between both 
acorn groups (Table 2). The number of acorns attacked 
daily by each mouse is higher in the foreign remains group 
(Fig. 1c). Moreover, the total mass consumed daily is higher 
in these foreign remains (PO) group than in the own remains 
(PI) group (Fig. 1c). Likewise, the mean mass per acorn con-
sumed daily is higher in the foreign remains group (Fig. 1c). 
Time is not found to significantly affect the three variables 
studied (number, total daily mass, and mean mass consumed 
per acorn per day). None of them changed during the experi-
ment (Table 3).

In the fourth experiment, like the first one, we studied 
the preferences of the Algerian mouse for intact acorns (I) 
or acorn remains generated by the rodent participating in 
the test (PIM), but unlike the first experiment, the remains 
were 1 week old. They were generated by the same mouse, 
but 1 week previously. The open part of the cotyledons con-
tained mold (PIM). The LMM indicates that significant dif-
ferences exist between the two acorn groups (Table 4). The 
number of acorns attacked daily by each mouse is higher in 
the group of acorn remains containing mold (PIM) than in 
the intact acorn (I) group (Fig. 2a). The total mass of acorns 
consumed daily is also higher in the own remains group than 
in the intact acorn group (Fig. 2a). The same is also true for 
the mean mass consumed per acorn daily (Fig. 2a). Time 

Table 1   Experiment 1. LMM summary results of linear mixed mod-
els testing the effects of category of consumption (I, intact; PI, previ-
ously consumed by the rodent itself), day, and their interaction on the 
(a) number of acorns, (b) total mass of acorns per day (g), and (c) 
mean mass of acorns per day (g) consumed per individual. The F val-
ues of the fixed factors and their significance (p) are presented

df F P

(a) Number of acorns
  Intercept 264 1162.7329  < 0.0001
  Category of consumption 264 158.9837  < 0.0001
  Time 264 1.7366 0.0809
  Category *Time 264 1.0384 0.4096

(b) Total acorn mass/day (g)
  Intercept 264 1274.7869  < 0.0001
  Category of consumption 264 384.0978  < 0.0001
  Time 264 1.8285 0.0633
  Category *Time 264 3.1791 0.0011

(c) Mean mass/acorn (g)
  Intercept 264 2251.9522  < 0.0001
  Category of consumption 264 296.3301  < 0.0001
  Time 264 0.7009 0.7009
  Category *Time 264 3.8808 0.0001

Table 2   Experiment 2. LMM summary results of linear mixed mod-
els testing the effects of category of consumption (I, intact; PO, pre-
viously consumed by another rodent), day, and their interaction on the 
(a) number of acorns, (b) total mass of acorns (g), and (c) mean mass 
of acorns (g) consumed per individual. The F values of the fixed fac-
tors and their significance (p) are presented

df F P

(a) Number of acorns
  Intercept 578 1128.0748  < 0.0001
  Category of consumption 578 535.9048  < 0.0001
  Time 578 1.9219 0.1662
  Category *Time 578 10.1905 0.0015

(b) Total acorn mass/day (g)
  Intercept 578 299.6259  < 0.0001
  Category of consumption 578 903.5087  < 0.0001
  Time 578 1.7437 0.1872
  Category *Time 578 4.7343 0.0300

(c) Mean mass/acorn (g)
  Intercept 578 1128.0748  < 0.0001
  Category of consumption 578 535.9048  < 0.0001
  Time 578 0.36065 0.5484
  Category *Time 578 10.1905 0.0015

Table 3   Experiment 3. LMM summary results of linear mixed mod-
els testing the effects of the category of consumption (PI, previously 
consumed by the rodent itself; PO, previously consumed by other 
rodents), day, and their interaction on the (a) number of acorns, (b) 
total mass of acorns (g), and (c) mean mass of acorns (g) consumed 
per individual. The F values of the fixed factors and their significance 
(p) are presented

df F P

(a) Number of acorns
  Intercept 578 1570.7898  < 0.0001
  Category of consumption 578 523.2475  < 0.0001
  Time 578 0.0010 0.9747
  Category *Time 578 0.0909 0.7632

(b) Total acorn mass/day (g)
  Intercept 578 793.1347  < 0.0001
  Category of consumption 578 1095.2497  < 0.0001
  Time 578 0.3819 0.5363
  Category *Time 578 0.8527 0.3562

(c) Mean mass/acorn (g)
  Intercept 578 1938.2917  < 0.0001
  Category of consumption 578 1023.5750  < 0.0001
  Time 578 4.9250 0.0269
  Category *Time 578 2.4992 0.1145
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did not alter the values of these three variables during the 
experiment (Table 4).

The results of the fifth experiment are similar to those 
obtained in the second experiment. The preferences 

examined here were intact acorns (I) versus remains gener-
ated by a congener, but 1 week previously (POM). These 
remains were moldy. As in the previous experiments, accord-
ing to the LMM, the differences observed in each group are 
significant (Table 5). The number of acorns attacked daily 
by each mouse is higher in the group with moldy remains 
(POM) than in the intact acorn (I) group (Fig. 2b). The total 
mass consumed daily is higher in the foreign remains cov-
ered with mold (Fig. 2b). The mean mass consumed per 
acorn daily is higher in the foreign remains (POM) than in 
the intact acorns (I) (Fig. 2b).

Discussion

Perea et al. (2011) and Yang and Yi (2012) proposed that 
partially consumed acorns were abandoned on the surface 
because these remains were perceived by rodents as offal. 
Our results indicate that, to the contrary, the remains of par-
tially consumed acorns are not perceived as offal and are 
not discarded; in fact, they are even more highly appreciated 
than intact acorns. Foreign remains and those generated by 
the mouse itself are consumed before the intact acorns, as 
found in experiments 2 and 1, respectively, and even when 
the foreign and own remains are covered by a layer of mold 
on the exposed cotyledons, as seen in experiments 4 and 
5, respectively. What is the reason for this preference? We 
believe that this preference may be energy-related, given 
that less energy expenditure is required (Sundaram et al. 
2015). Removing the shell from acorns implies a high 
energy expense in addition to being subject to an unpleas-
ant taste due to the presence of tannins (Steele et al. 1993; 
Perea et al. 2011; Muñoz et al. 2012). Accessing remains 
with an already removed shell is easier and requires less 
energy (Jansen et al. 2010; Yi et al. 2012). Shelling acorns 
is energy-intensive, so shelled acorns are preferred, even if a 
layer of mold needs to be removed to access the cotyledons. 
It is likely that the mold modifies the palatability of acorns, 
but nevertheless, it is more profitable to consume shelled 
acorns than to expend energy to remove the shell (Perea 
et al. 2011; Muñoz et al. 2012).

The consequences in terms of acorn dissemination are 
that intact acorns may remain in the scatter hoards for longer 
periods of time, thus having a higher likelihood of germinat-
ing and shelling (Yang and Yi 2012).

Rodents of this species can distinguish their own acorn 
remains from those of others. We have observed that they 
prefer foreign remains to their own (experiment 3). This 
behavior may be motivated by the fact that, in case of acorn 
scarcity, it may be convenient to preserve one’s own remains 
and prematurely consume the remains of others found in 
scatter hoards (Steele et al. 2011; Alpern et al. 2012; Lichti 
et al. 2015; Dittel et al. 2017; Dittel and Vander Wall 2018). 

Table 4   Experiment 4. LMM summary results of linear mixed mod-
els testing the effects of category of consumption (I, intact; PI, previ-
ously consumed by the rodent itself 7  days ago) and time day, and 
their interaction on the (a) number of acorns/day, (b) total mass of 
acorns per day (g), and (c) mean mass of acorns per day (g) con-
sumed per individual. The F values of the fixed factors and their sig-
nificance (p) are presented

df F P

(a) Number of acorns
  Intercept 578 1599.3302  < 0.0001
  Category of consumption 578 224.0413  < 0.0001
  Time 578 1.9219 0.1662
  Category *Time 578 1.6114 0.2048

(b) Total acorn mass/day (g)
  Intercept 578 1225.5715  < 0.0001
  Category of consumption 578 561.9744  < 0.0001
  Time 578 0.0010 0.9753
  Category *Time 578 0.4890 0.4846

(c) Mean mass/acorn (g)
  Intercept 578 1107.5517  < 0.0001
  Category of consumption 578 351.1391  < 0.0001
  Time 578 0.0415 0.8387
  Category *Time 578 0.0033 0.9544

Table 5   Experiment 5. LMM summary results of linear mixed mod-
els testing the effects of category of consumption (I, intact; PO, pre-
viously consumed by another rodent 7 days ago), day, and their inter-
action on the (a) number of acorns, (b) total mass of acorns (g), and 
(c) mean mass of acorns (g) consumed per individual. The F values 
of the fixed factors and their significance (p) are presented

df F P

(a) Number of acorns
  Intercept 266 1153.1404  < 0.0001
  Category of consumption 266 79.8574  < 0.0001
  Time 266 0.5670 0.8236
  Category *Time 266 0.1872 0.9954

(b) Total acorn mass/day (g)
  Intercept 266 787.2981  < 0.0001
  Category of consumption 266 194.1264  < 0.0001
  Time 266 0.8991 0.5265
  Category *Time 266 0,3354 0.9627

(c) Mean mass/acorn (g)
  Intercept 266 1461.6041  < 0.0001
  Category of consumption 266 175.6444  < 0.0001
  Time 266 1.4910 0.1511
  Category *Time 266 0.8645 0.5576
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The implication for the seed dispersal process is that the 
remains are in the scatter hoards for longer periods of time. 
Since this rodent species engages in partial consumption of 
acorns and preserves the embryo (Del Arco et al. 2018; Del 
Arco and Del Arco 2022), these acorn remains may have the 
opportunity to germinate and emerge as intact acorns since 
the embryo remains viable, even though part of the cotyle-
dons is missing. Perea et al. (2012) considered that plants 
place more resources in the cotyledons than necessary for 
the acorn to germinate and settle. Therefore, fewer cotyle-
dons may still provide the necessary resources to germinate 
with depleted cotyledons (Yang and Yi 2012).

These remains are consumed in the scatter hoards first, 
allowing the intact acorns to remain in these stores for longer 
periods, giving them the opportunity to germinate and shell 
(Yang and Yi 2012). The own remains would play this 
same role since the foreign remains are consumed first, but 
only if the embryo is preserved. This is the behavior of this 
rodent species, which consumes acorns while preserving the 
embryo (Del Arco et al. 2018; Del Arco and Del Arco 2022).

Conclusion

Rodents of the species M. spretus do not perceive their own 
or foreign acorn remains found in caches as offal. Therefore, 
they do not remain in the caches for longer periods of time, 
and they do not serve as a reserve for the cache owner. This 
role is performed by the intact acorns, which remain in the 
caches for longer periods, given that the rodents’ own or 
foreign acorn remains are consumed first. Therefore, intact 
acorns have a higher likelihood of germinating. This rodent 
species differentiates between its own remains and those of 
foreign species, consuming the foreign ones first, allowing 
the own remains to stay in the caches for longer periods and 
having the opportunity to germinate if the embryo is pre-
served, a behavior displayed by this rodent species.
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