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Abstract Quercus suber, Quercus ilex and Quercus coccifera (Cork, Holm and Kermes oaks, respectively) are
common evergreen oak species that coexist in the
landscapes of the western part of the Mediterranean
basin. Rodents are the main acorn predators and thus
one of the main factors for understanding recruitment
patterns in oaks. In this paper we analyse to what extent mice prefer acorns from one oak species over another in three oak species studied using acorn removal
experiments and video tape recordings. Twenty labelled
acorns from each of the three Quercus species (60
acorns) were placed in 40 cm·40 cm quadrats on each
plot. Because selection might vary as a result of the
vegetation context, we performed the trials in the ﬁve
main vegetation types within the study area (four replicates in each vegetation type) in order to control for
habitat inﬂuences on rodent acorn preferences (a total
of 20 plots). The removal of 1,200 acorns occurred
within 68 days. Mice removed 98.7% of the acorns.
Q. ilex acorns were preferred over Q. suber and Q. coccifera in all vegetation types except in pine forest, where
no acorn preferences were detected. Acorn removal rates
diﬀered with vegetation type, correlating positively with
shrub cover. The distance at which acorns were displaced
by rodents (mean =4.6 m±5.1 SD) did not diﬀer between acorn species, but varied among vegetation types.
Bigger acorns of Q. coccifera were selected only after
Q. ilex and Q. suber acorns were depleted, while no
size selection was detected for the latter two species.
Thus, we conclude that rodents show preference for some
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oak acorns and that landscape context contributes
signiﬁcantly to rodent activities and decisions.
Keywords Apodemus sylvaticus Æ Quercus coccifera Æ
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Introduction
Many Mediterranean landscapes are dominated by oak
(Quercus) species, especially evergreen oaks. In the
Mediterranean basin, evergreen oaks of diﬀerent species
can coexist, forming mixed forests with pines, appearing
in the understory or being dominant in some shrubland
communities (garrigue). This oak spatial diversity may
be related to diﬀerent resource requirements, disturbance responses or past uses (Mohler 1990). These different communities with varying oak abundance can be
found as mosaics of Mediterranean landscapes (mixed
oak landscapes), and thus acorns from diﬀerent oak
species (sympatric acorn-producing species) may be
available to predator populations. Furthermore, acorns
are a very valuable food source for rodents (Jensen
1985), and rodents are the main acorn predators (Shaw
1968).
It has been suggested that acorn crop variability may
aﬀect mouse populations the following spring and
summer (Mcshea 2000), but the role of species-speciﬁc
seed preferences by rodents (Ivan and Swihart 2000;
Shimada 2001a; Sone and Kohno 1996) is still unknown.
Although the total inter-speciﬁc variation in acorn
production has been recognised to have a great inﬂuence
on seed eaters (Liebhold et al. 2004), few studies have
dealt with the diﬀerential selective pressure by these seed
eaters on the producers’ actual performance (i.e., mast
and regeneration patterns, but see Hoshizaki and Hulme
2002).
It has been suggested that rodents have a preference
for large acorns from Holm oak Quercus ilex (Gomez
2004a); however, in mixed oak landscapes, acorns of
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diﬀerent species may vary not only in size, but also in
nutritional properties (Ferreira-Dias et al. 2003; Shimada 2001b; Talebbendiab et al. 1991) and tannin levels
(Cantos et al. 2003). The question that arises is to what
extent rodents show a preference for acorns of a given
oak species. Diﬀerential acorn selection may produce
changes in predation pressure and dispersal rates in
diﬀerent oak species (Shimada 2001a; Stapanian and
Smith 1978) and have evolutionary implications on the
diﬀerential mast seeding dynamics or community oak
species composition (Janzen 1971).
Rodents suﬀer higher predation risk in areas with
reduced vegetation cover of low height (Kollmann 1995;
Manson and Stiles 1998). Therefore, rodent activity,
rodent population densities or rodent species composition may diﬀer between more open habitats and shrubby
habitats (Falkenberg and Clarke 1998). As a consequence, if rodents select acorn types (i.e., species or size),
the degree of selection and/or other variables in the
acorn predation mechanisms could diﬀer as a function
of the surrounding vegetation. Rodent diﬀerential seed
predation has been documented in Fagaceae species for
both temperate forests and indoor trials (Briggs and
Smith 1989; Shimada 2001a). To our knowledge, no
such studies have been carried out in Mediterranean
landscape mosaics under ﬁeld conditions.
Thus, our objectives are: (1) to determine if mice
prefer any of the acorns tested over the others and (2) to
quantify any variation in acorn removal rates and displacement distances as a function of the vegetation type.
Our hypothesis is that rodents are the main predators
and that they select for nutritionally superior acorns.
These acorns would be transported farther because of
the higher nutritional revenue. However, this pattern
would vary with respect to the diﬀerent vegetation types
because of diﬀerent rodent density, predation risk, food
availability and/or percent of available places to cache
acorns. To test this hypothesis, we performed an
experiment in which labelled acorns from three oak
species were placed in ﬁve diﬀerent vegetation types and
left for depletion by rodents. Video recordings were also
used for complementing the analyses.

Materials and methods
Study area
The study was performed in the Espadà mountains,
eastern Iberian Peninsula (3951¢N, 020¢W, close to
Chovar, Castelló province). The climate is typically
Mediterranean with summer drought and mild and wet
winters. Two bedrock types are common, Bundsandstein
sandstone (the most common) and limestone. The vegetation is the product of a long history of ﬁre and land
use, in which many slopes were terraced and cultivated
in the past, and then abandoned (Pausas 2004; Bonet
and Pausas 2006). Thus, current landscapes are mosaics
of ﬁve main vegetation types: Holm oak forests (HF)

(forests dominated by Q. ilex subsp. rotundifolia), Cork
oak forests (CF) (dominated by Quercus suber), Kermes
oak garrigue (GA) (shrublands dominated by Quercus
coccifera), pine forests (dominated by Pinus halepensis
and/or Pinus pinaster) and abandoned ﬁelds (at diﬀerent
abandonment ages). The three oaks, Holm oak, Cork
oak and Kermes oak, are evergreen species; the ﬁrst and
second are trees and the third is a shrub.
The wood mouse (Apodemus sylvaticus) and Algerian
mouse (Mus spretus) are the dominant rodents in the
study area. Previous ﬁeld trap sessions found that the
population of the latter is about a third of the former
and that the black rat (Rattus rattus) is present at much
lower densities (own unpublished data).
Sampling
Four replicate plots were located in each of the ﬁve
diﬀerent vegetation types (therefore, 20 plots): HF, CF,
GA, pine woodland (PF) and oldﬁelds (OF, abandoned
ﬁelds currently covered by shrubs and grasses, without
oaks). These vegetation types were selected because they
are the dominant landscape units in the study area. For
plot characterisation, a plot size of 10 m·10 m was
considered; however, acorns removed from the centre of
the plot (removal experiment, see below) were searched
for without considering plot size. Vegetation on each
plot was characterised by using four 10-m transects
along the main cardinal directions and recording species
occurrence and height every 33 cm. Because the objective of the habitat characterisation was to look for
variables explaining diﬀerent acorn predation rates, the
cover percentages of structures relevant to rodents were
recorded as well (bare soil, fallen branches, stones and
terrace walls). Additional plot characteristics (aspect,
slope, tree cover, grazing symptoms and bedrock type)
were also recorded.
In autumn 2003, acorns of the three oak species were
obtained from several trees in the study area or nearby
populations and stored in a constant-cold humidity
chamber. Nonviable and unripe acorns were discarded
by the ﬂoating method and visual screening. In spring
2004, 20 acorns from each of the three oak species, Q.
ilex subsp. rotundifolia (Qi), Q. suber (Qs) and Q. coccifera (Qc), were placed in a 40 cm·40 cm quadrat in the
centre of each plot (therefore, 1,200 acorns). The
quadrats were surrounded with coloured powder to be
able to identify predator footprints. Acorns were labelled for their identiﬁcation with a numbered plastic
label tied on with a thin iron string (Xiao et al. 2004;
mean weight of labels 0.54±0.01 g, n=10). To monitor
acorn removal, plots were periodically visited: ﬁrst every
2 days, then every week and ﬁnally at 2-week intervals.
On each visit, the labels were searched out and mapped;
the status of the acorn (unaﬀected, eaten or partially
eaten) was also recorded. Two plots were depleted in just
1 night; although these plots provided information on
the total removal rate, they did not oﬀer information on
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rodent acorn species preferences. Moreover, in order to
increase the power of the survival function through ties
multiplications, we found it necessary to reduce the time
interval to rank cases (Muenchow 1986) as a synchronic
approach. Thus, a total of four ﬁlms (each of 3 h in
length) were recorded at two plots (one in an OF and the
other in a shrubland). In ﬁlms 1 and 4, the species of
some predated acorns could not be identiﬁed and were
classiﬁed as ‘unknown species’.
To assess whether rodents select acorn sizes, all
acorns corresponding to Cork forest habitat (sites 17,
18, 19 and 20) were previously weighed (0.1 mg precision). The mean weight of the acorn plus tag was
4.18 g±1.09 SD (n=240, range 2.5–9.0 g). By species,
Qi and Qs acorns were similar (4.44 g ±0.98 SD and
4.70 g ±1.17 SD, respectively) and approximately 1 g
heavier than Qc acorns (3.46 g ±0.46 SD; ANOVA for
species mean weight diﬀerences, F=40.621, df=2,
P<0.001).
The experiments were performed in spring (that is,
outside the peak acorn-drop period) to avoid interference in the selection behaviour by the natural levels of
acorn abundance on each site, that is, to avoid the
possible diﬀerential masting and relative abundance of
oak species on each site. This implies that our results
may reﬂect the intrinsic behaviour of the predators (as in
a lab experiment) more than their behaviour under
natural conditions, which may be too heterogeneous to
allow easy interpretation of the results.

calculated for each acorn species as Ei=(Ri Pi)/
(Ri+Pi), where Ri is the number of acorns of the species
i selected and Pi is the number of acorns of the species i
supplied. This electivity index ranges from 1 to 1, with
negative values indicating avoidance and positives values indicating selection.
Acorn size
Acorn weight was tested in the Cork oak vegetation
type, and data were grouped between the acorns removed on the day following the beginning of the
experiment (early removal) and those removed afterwards (late removal). A univariate ANOVA procedure
(GLM module, SPSS 10.5) was used to compare acorn
weight and retrieval distances (log-transformed).
Distances of tag retrieval
Tag retrieval distance (TRD) was measured as the distance (straight line) from the quadrat to the place where
the label was found, usually a few days after removal,
for both eaten and not-eaten acorns. We did not consider cache relocations in this study. To compare the
diﬀerent TRD distribution between vegetation types and
between acorn species we used the non-parametric
median test. In the cases where it was signiﬁcant, we
performed the pairwise comparisons using the Kolmogorov–Smirnoﬀ test (K–S test); both tests compare
the full distribution of distances.

Data analysis
Acorn removal

Determinants of removal rates

Median removal time, i.e., the time at which 50% of the
acorns were removed (hereafter MRT and expressed in
days), was used to compare acorn removal rates in both
the vegetation type · acorn species experiment and in
the ﬁlms. Survival function analysis (time failure analysis, Pyke 1986) was used to analyse acorn removal
rates, taking into account both vegetation type and
acorn species. By ‘survival’, we refer to acorns not removed from the 40 cm·40 cm quadrat (i.e., remaining in
the quadrat). Cox regression was used to control for
factor variance and was tested with Gehan’s generalised
Wilcoxon test (hereafter Wilcoxon).

Stepwise forward multiple regression was used to reveal
the signiﬁcant plot variables that explained most of the
variability in MRT (log-transformed prior to the analysis). The initial variables included in the regression
model were the parameters obtained from the transects
(mean vegetation height, standard deviation in vegetation height, plant cover and a structural diversity index)
and aspect. The structural diversity index was computed
as the Simpson’s diversity index (Simpson’s D), including plant species and physical structures relevant to rodents (such as rocks, bare soil and dead branches). For
computing Simpson’s D, species accounting for less than
5% of total cover or species present on only one site
were aggregated into the category ‘others’. Plant cover
was computed for diﬀerent strata: ground level
(<20 cm), short shrubs (20–50 cm), medium shrubs
(50–120 cm), tall shrubs (120–300 cm) and tree layer
(>300 cm). Aspect was transformed in an aspect index
(AI), which was computed as: AI=cos (a 22.5), where
a is the aspect angle in decimal degrees (Pausas et al.
2004). This transformation is necessary to account for
the more mesic conditions of the north–east aspect as
most of the humidity in the study region comes from the
Mediterranean sea (eastwards).

Video monitoring of acorn removal
Time failure analysis and Cox regression were also used
to analyse acorn removal rates by species. However,
because of the limited length of the video tapes, in many
cases fewer than 50% of the removed acorns were
ﬁlmed, and thus, MRT was not computed. Alternatively, Ivlev’s Electivity Index (Scarlett and Smith 1991)
was used to quantify rodent preference for a particular
acorn species in the video monitoring. Electivity is
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Video monitoring of acorn removal

Results
Acorn removal
Track prints in the quadrats revealed that rodents were
the main acorn predators. However, diﬀerentiating between the two species in the study area (A. sylvaticus and
M. spretus) on the basis of their tracks was extremely
diﬃcult, and no attempt was made to quantify them.
Only on two plots did other vertebrates (jays and
domestic sheep) predate a few acorns (1.6% of total),
and these data were omitted from the analysis. Rodents
took on average 8.8 nights to discover the acorns (range
1–34 nights) and an additional 11.4 nights (on average)
to remove all the acorns (range 1–57 nights). After 68
days, no acorns were left in the quadrats. Acorn removal
was higher immediately after the plot was discovered
and decreased with time: after 1 week more than 50% of
acorns had disappeared (MRT=6.3 days), and after
2 weeks this percentage was about 75%.
The median removal time diﬀers between vegetation
types (Wilcoxon statistic=287.822, df=4, P<0.001)
and was shortest on OF (MRT=1.6 days), longest on
PF (MRT=18.5 days) and intermediate in the remaining vegetation types (MRT=5–8 days; Table 1). MRT
also varied with the acorn species considered (Wilcoxon
statistic=9.375, df=2, P=0.009). Qi acorns were removed faster (MRT=5.8 days) than Qs and Qc acorns
(MRT=6.5–6.8 days; Table 1). However, acorn species · vegetation type interaction was also signiﬁcant: Qi
acorns were positively selected on HF, CF and GA, but
no acorn preferences appear on PF and OF. Very fast
removal rates (i.e., removal of all acorns in just 1 night)
prevented any acorn species selection evidence in OF.
However, the video ﬁlms revealed a Qi preference over
the others (see below) in OF.

Table 1 Median removal time (MRT, in days) values by vegetation
type and acorn species
Removal time (days)
MRT
Vegetation types
HF
CF
GA
PF
OF
Overall
Acorn species
Qi
Qs
Qc
Overall
Overall

5.1
5.8
8.0
18.5
1.6

n

P
240
240
240
240
240

5.8
6.8
6.5

400
400
400

6.3

1,200

b
c
d
e
a
<0.001
a
b
b
0.009

In P, letters refer to Bonferroni-corrected pairwise comparisons at
P<0.05 signiﬁcance level, while numbers refer to the signiﬁcance of
the Wilcoxon test

Because of the limited tape length (3 h), only the ﬁrst
21.7–58.3% of the removed acorns were ﬁlmed (total
n=240) in a total of four ﬁlm sessions. We found differences in removal rates between the diﬀerent acorn
species (Table 2). Qi acorns were preferred in all ﬁlms,
ranging between 47.6 and 61.5% of the total removed
acorns ﬁlmed (mean 55%), followed by Qs (24%) and
Qc (21%) (Table 2). Qi acorns were removed more than
Qc acorns, and more than Qs acorns (Table 2), and no
acorn selection seems to occur between the latter two
acorns species (Table 2). In accordance, the electivity
index was positive for Qi and negative for Qs and Qc,
being the lowest in Qc (Table 2).
Acorn size
Plots 17, 18 and 19 were depleted after two to three visits
to the plot (6–7 nights); because plot 20 was depleted in
just 1 night, it was not considered for further analysis.
We grouped the data as a function of removal time
(‘early’ for acorns removed on the ﬁrst visit, and ‘late’
for acorns removed on the second or third visit) and
analysed the three acorn species separately as they diﬀer
in weight. Mean acorn plus tag weight did not diﬀer
between groups for either Qi (early =4.69±0.72 g,
n=14; late =4.38±1.10 g, n=46; Table 3) or Qs (early = 4.83±1.29 g, n=28; late = 4.43±1.17 g, n=32;
Table 3). On average, a signiﬁcant diﬀerence of 0.2 g
was detected between the early and late Qc acorn groups
(early, mean weight =3.62±0.48 g, n=20; late, mean
weight =3.40±0.48, n=40; Table 3) and marginal signiﬁcance for the group (early/late) · plot interaction
(see Table 3). Since acorn size is directly proportional to
acorn weight, these results indicate some preference by
rodents for bigger Qc acorns, but no size discrimination
for Qi or Qs acorns. No signiﬁcant correlation was

Table 2 Overall results on acorn removal in the four ﬁlms,
including the number of initial and removed acorns, the electivity
index, the pairwise comparisons for diﬀerences in the estimated
survival functions for each acorn species and the pairwise comparisons for the mean electivity index (only signiﬁcant diﬀerences
are shown)
Number of
acorns
Initial acorns for
80
each species
Acorns removed by species
Qi
55
Qs
24
Qc
21
Total acorns tracked
100

Mean electivity
(SE)

0.424 (0.021)
0.357 (0.029)
0.417 (0.031)

Signiﬁcant pairwise comparisons (Wilcoxon test)
Qi Qs
23.07 (P<0.0001)
9.178 (P<0.001)
Qi Qc
27.35 (P<0.0001)
8.928 (P<0.001)
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Table 3 ANOVA analysis of acorn weight as dependent factor and
plot and removal group (early or late) as main factors
Acorn sp.

Source

MS

df

F

Signiﬁcance

Qi

Plot
Group
Plot · group
Error
Plot
Group
Plot · group
Error
Plot
Group
Plot · group
Error

218.240
34.300
54.081
93.661
80.578
186.150
91.099
156.261
16.315
98.532
63.733
21.936

2
1
2

2.330
0.366
0.577

0.107
0.548
0.565

2
1
2

0.516
1.191
0.583

0.600
0.280
0.562

2
1
2

0.744
4.492
2.905

0.480
0.039*
0.063!

Qs

Qc

Analysis was run independently for each acorn species (see text for
further details)

movements. No acorn species diﬀerences were found in
the percent of acorn label retrieval (Qi=33.9%, Qs=
34.1%, Qc=31.5%, n=1,154, F=0.339, P=0.713).
Tag retrieval distance diﬀered between vegetation
type (median test, v2=23.287, df=4, P<0.001, n=431).
Pairwise comparisons (K–S test) indicate that TRD was
longer in OF (mean =6.7±7.4 m, maximum=62.0,
n=74), shorter in garrigue (mean =3.3±1.8 m, maximum =7.5, n=118), Holm (mean =4.6±3.4 m, maximum =18.4, n=72) and CF (mean =4.0±4.1 m,
maximum =16.3, n=119) and intermediate in pine
forest (mean =6.3±8.7 m, maximum =40.1, n=48)
(Fig. 1). All pairwise comparisons between vegetation
types were signiﬁcant at the P<0.03 level (K–S test)
except for and GA–PF (P=0.07).
When considering acorn species, no signiﬁcant differences in TRD were found for the whole population
(median test, v2=2.417, df=2, n=431, P=0.299). The
maximum TRD for Qs (62.0 m, n=149) was remarkably
larger than for Qc (18.6 m, n=151).
Determinants of removal rates
At plot scale (20 plots), the stepwise regression was
selected as the best ﬁt for MRT the model with medium
shrub (50–120 cm) and the SD of vegetation height
(vertical complexity). MRT shows a negative relation
with both parameters (log MRT =2.715 1.772·
medium shrub cover 0.012· vegetation height SD;
cover was arcsine-root transformed, adjusted R2=0.485,
P=0.001). That is, mice remove quicker in sites with
greater shrub cover and vertical complexity, which corresponds to shrublands, long abandoned OF and
shrubby oak forest. For TRD, a signiﬁcant, but weak
relation was found with short shrub (20–50 cm) cover
(log TRD =0.840 0.016· short shrub cover, adjusted
R2=0.19, P=0.032), suggesting greater acorn movements in sites with high short vegetation cover, usually
corresponding to recently abandoned OF and pine forest
sites.

Fig. 1 Frequency distributions of TRDs by vegetation type: OF
oldﬁelds, PF pine forest, GA garrigue, HF Holm oak forest, CF
Cork oak forest

found between the TRD and acorn-tag weight (Pearson
correlation = 0.022, P=0.809, n=119).
Distances of tag retrieval
Mean TRD was 4.6 m (SD=5.1), with a maximum of
62 m on an OF. However, these values should be considered underestimations as only 36% of the tags were
located. This is probably because the eﬀort involved in
locating long-distance tags increases exponentially, and
some of the lost tags would correspond to long-distance

Discussion
Rodents were the main agents in the acorn removal, as
has been reported in other Mediterranean landscapes
(Alcantara 2000; Gomez et al. 2003; Borchert 1989), and
they clearly selected Qi acorns. Preferences for Qi acorns
could be related to their higher nutritional value in terms
of oil content (7.3–9.1% relative to Qs =5.0–5.2%;
Talebbendiab et al. 1990, 1991; Afzalraﬁi et al. 1992;
Nieto et al. 2002; Ferreira-Dias et al. 2003) or to their
lower content in tannins relative to Qc (Cañellas and
San Miguel 2003), or probably to both. Higher tannin
content indirectly implies lower nutritional value because energy is needed to neutralise the tannin (Janzen
1971). The selection of Qi over Qs could be partially
explained by the high phenolic compound content in the
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Qs acorn skin (Cantos et al. 2003), but it is still unknown
whether this substance acts as a signal cue or has an
eﬀect over rodents by itself. Species preferences could
not be related to synchronic exposure to diﬀerent acorn
densities because the ﬁeld experiments were carried out
in March when natural acorn production does not occur.
At least in CF, rodents removed Qi and Qs acorns
independently of their size, while for Qc, they chose
large acorns. The Qc acorns used in our trials were
smaller than those of the other species, and this might
have contributed, to some extent, to the selection of the
larger Qc acorns. The absence of acorn-size selection
reported by Xiao et al. (2004) seems to be in conﬂict with
results from other studies (Alcantara 2000; Gomez
2004a). However, our results suggest that size selection
could be species-dependent (i.e., seed quality). Diﬀerences in acorn location may contribute to the diﬀerences
between our results (from acorns set at the soil surface)
and those from Gomez (2004a; buried acorns), because
detectability and time to remove the acorns may be
longer in buried acorns.
Rodent preferences for diﬀerent acorns can be divided into feeding and carrying/hoarding preferences
(Shimada 2001a). We have not tested these separately,
but the lack of diﬀerences in TRDs suggests that Qi
preference is set at the experimental depot site. However,
the fact that Qc acorns were found attached to the tag
more often than expected (data not shown) suggests that
Qi and Qs acorns were preferred for feeding and that,
afterwards, Qc acorns were moved for storage. Alternatively, the preferred acorns could have been better
hidden, thus making it harder for us to locate (i.e.,
sampling error). To solve this problem, more accurate
acorn-tracking methods (Sone and Kohno 1996; Hoshizaki and Hulme 2002) should be used.
Removal rates, acorn species preference and TRD
varied with the vegetation type considered. Vegetation
structure (mostly shrub cover) accounts for part of these
diﬀerences in agreement with previous studies (Dı́az
1992; Kollmann 1995), but food availability and rodent
community composition—species and relative densities—could also be important (Ostfeld et al. 1997). In
relation to vegetation type, we have found three clear
patterns: (1) mice Qi preference is observed in all the
vegetation types except in PF. A probable reason for this
pattern is a high mice predation risk in pine forests (i.e.,
shorter time for acorn discrimination and selection;
Willson and Whelan 1990; Hulme 1994, 1997; Alcantara
2000; Torre and Dı́az 2004; Dı́az et al. 2005). (2) Acorn
removal rates are higher in OF and lower in PF (intermediate in HF, CF and GA). This seems to be related to
shrub cover and vegetation structure. This pattern is in
agreement with higher mice densities deduced from livetrapping under increasing shrub cover (unpublished
data) and with the Quercus recruitment densities (Pons
and Pausas 2006). (3) TRDs increase from GA to OF
and PF (HF and CF intermediate). An explanation for
this pattern is diﬃcult as TRD showed a weak correla-

tion with short shrub cover. The greater acorn movement distances in OF and PF might be the result of
diﬀerent causes such as the lack of safe sites in PF or the
high mice densities in OF (e.g., longer distance movements for reducing pilfering by congeneres; Vander Wall
2002).
Most of the literature deals with just one acorn species (Shaw 1968; Herrera 1995; Gomez et al. 2003; Gomez 2004a, b; Pulido and Dı́az 2005). However, most
vertebrates that consume acorns interact with several
acorn species at the same time. Our ﬁnding of Qi preference over Qs and Qc might have implications for differential recruitment in a mixed oak population.
However, prior to extracting the direction of this selection on the population dynamics of the diﬀerent Quercus
species, we must deal with the possible variation because
of a speciﬁc Quercus masting pattern and with the
relationship between mice populations and the last
year’s acorn availability (see, i.e., Ostfeld et al. 1996).
We suggest that the predator–disperser activity of mice
would be diﬀerent not only because of the vegetation
type and the previous year’s acorn production, but also
because of the preferences of mice for speciﬁc acorns. In
other words, under speciﬁc conditions mice could act as
a disperser for some acorns and as a predator for others.
Acorn predation is one of the multi-steps in oak
recruitment. Probably extending the multi-species approach to the whole oak regeneration process will yield
some promising results.
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