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Seed dispersal by vertebrates is one of the main plant–animal interactions, especially 
in the Mediterranean region where fleshy fruits are, at least seasonally, one of the main 
food resources for birds and carnivores. To effectively assess the role of these preda-
tors as seed dispersers, we need to demonstrate the viability of ingested seeds. We 
therefore compared germination rates of seeds from freshly collected fruits with those 
of seeds collected from carnivore scats. We detected that several species (e.g. badgers, 
foxes, genets) had a significant positive effect on germination rates of seed of at least 
one fruit pland and one species (stone marten) had deleterious effects on most seeds. 
Seed size (e.g. weight, width, etc.) was correlated with seed survival, germination time 
and germination rate.

Introduction

Animal–plant interactions and their co-evolution, 
especially with regard to seed dispersion, give 
rise to some of the most interesting ecological 
research questions in understanding ecosystem 
regeneration and evolution (Corlett 1995). These 
dispersal events can play an important role in 
population expansion, the exchange of individu-
als between populations and the colonization of 
vacant habitats (Nathan et al. 2008). Moreover, 
long-distance dispersal has a particular marked 
influence on ecosystems, and carnivorous mam-
mals are one of the most important vertebrate 
groups involved in longer dispersal distances 
(Jordano et al. 2007). Dispersal affects large-
scale phenomena of great conservation concern, 
such as the spread of invasive plants, range 
shifts following climate change and persistence 
of species in fragmented landscapes (Nathan et 

al. 2008). An important number of plants, usu-
ally fleshy-fruited, have developed a mutualist 
relationship with animals (vertebrates and inver-
tebrates, see e.g. Shanahan et al. 2001) to assure 
seed dispersion (e.g. Corlett 1998). Vertebrates 
represent the main group of fruit eaters, digesting 
the pulp but passing the seeds almost unchanged 
and ready to germinate (Herrera 1995). To be an 
effective seed disperser, seed’s passage through 
a vertebrate gut should enhance germination, 
i.e., increase the rate of germination and/or the 
proportion of seeds that germinate, or at least 
have a neutral effect on the seed’s viability 
(Traveset 1998). Traveset’s (1998) review on 
the effect of seed passage through vertebrate 
frugivores’ guts reports that in 39% of the studies 
with non-flying mammals, there was evidence 
that fruit consumption enhanced germination, 
while only 19% described inhibition of germina-
tion (42% showed no effect). Several explana-
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tions are given to explain how the fruit passage 
through the vertebrate digestive system favours 
seed germination: (1) separation of seeds from 
the pulp in fleshy fruits, (2) moistening and fer-
tilization conferred by faecal material present in 
the dung, and (3) softening and scarification of 
the seed coat through mastication or action of 
acids and enzymes in saliva and stomach secre-
tions (Razanamandranto et al. 2004).

In the Mediterranean region, most plants 
producing fleshy-fruits are dispersed by birds or 
by an association of carnivores and birds (Her-
rera 1995). Birds are usually considered the main 
plant dispersers in southern Europe, although 
evidence for a common history of interaction is 
lacking (Herrera 1995) and, excluding migratory 
movements, they are mainly short-distance dis-
persers (Schaumann & Heinken 2002). Several 
carnivores are also considered seasonal dispers-
ers, because fruits are an important part of their 
diet (e.g. Rosalino & Santos-Reis 2002, Rosalino 
et al. 2005, Santos et al. 2007). For example in 
Spain, three species of carnivores (red fox, Eura-
sian badger and stone marten) are responsible for 
dispersing 40% of the fleshy-fruit seeds (Herrera 
1995). Due to their importance, in extreme situ-
ations involving local extinction of carnivores, 
the dispersal of seeds between plant populations 
may decrease, potentially leading to the isolation 
of the seed producing populations (Jordano et al. 
2007).

To confirm the role of carnivores as fruit dis-
persers it is necessary to validate the consump-
tion of fruit by these species, and also to test if 
seeds that have been subjected to the digestive 
process are still viable and capable of successful 
germination. Many studies have focused on the 
first approach (e.g. Pigozzi 1992, Rosalino & 
Santos-Reis 2009), but few have examined the 
success of germination following consumption 
by Mediterranean carnivores (e.g. Traveset et 
al. 2001, Schaumann & Heinken 2002, Verdú & 
Traveset 2004).

Our study goals were to: (1) compare the 
effect of several species of carnivore dispersers 
on germination success of typical Mediterra-
nean fleshy-fruits, and (2) evaluate the factor(s) 
enhancing/constraining fruit germination rates.

Material and methods

Study area

The field study was conducted in Serra de Grân-
dola, a coastal mountain area of southwestern 
Portugal (38°6´N, 8°34´W), characterized by 
a semi-arid climate (Mediterranean type), with 
mild winters and hot, dry summers (Correia & 
Santos-Reis 1999). The landscape is dominated 
by ‘montado’ matrix (cork oak woodland), inter-
spersed with a mosaic of small habitat patches 
including orchards, olive groves and riparian 
vegetation. The area sustains a high diversity 
of wild, semi-wild and cultivated fruit species: 
blackberries (Rubus ulmifolius), Mediterranean 
smilax (Smilax aspera), strawberry tree (Arbu-
tus unedo), pears (Pyrus bourgaeana), plums 
(Prunus sp.), apples (Malus sp.), figs (Ficus 
carica), garden tomato (Solanum lycopersicum), 
loquats (Eriobotrya japonica), olives (Olea 
europaea) and vine grapes (Vitis vinifera). These 
fruits are used by most vertebrates inhabiting the 
mountain, including carnivores (Rosalino et al. 
2005, Santos et al. 2007). More than 64% of all 
Portuguese carnivore species occur in Serra de 
Grândola (Santos-Reis et al. 1999), including 
foxes (Vulpes vulpes), weasels (Mustela niva-
lis), polecats (Mustela putorius), stone martens 
(Martes foina), Eurasian badgers (Meles meles), 
Eurasian otters (Lutra lutra), common genets 
(Genetta genetta) and Egyptian mongooses 
(Herpestes ichneumon).

Field methods

Carnivore scat samples from red foxes, wea-
sels, stone martens, Eurasian badgers, common 
genets and Egyptian mongooses were collected 
from linear transects between February 2006 
and January 2007. Samples were collected on 
a monthly basis after an initial clearance (Janu-
ary 2006) to allow a more precise estimate of 
scat’s time of deposition. Three transects, with 
a total length of 7.5 km, were set to proportion-
ally include all landscape types of the study area. 
Collected scats were identified to species (using 
scats’ morphological and scent characteristics, 
based on researchers experience and described 
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features, see Macdonald & Barrett 1993), tagged, 
and later analysed in the laboratory. Although the 
use of field-collected scats has been the subject 
of some criticism (e.g. Reynolds & Aebischer 
1991), this approach is still frequently used (e.g., 
Virgós et al. 2002, Moreno et al. 2006, Santos et 
al. 2008, Matos et al. 2009); the assemblage of 
species inhabiting southern Mediterranean areas 
produce distinguishable scats (on the basis of 
size, shape, odour and location) and miss-iden-
tification errors are minimized by the rareness 
of closely related species (e.g. weasels Mustela 
nivalis and polecats Mustela putorius, whose 
scats could be potentially confounded with those 
of stone martens Martes foina).

Six species of fruit-bearing plants were 
selected according to seeds visually identified in 
scats: blackberries, figs, olives, pears, strawberry 
tree, and vine grapes. For each species, five fruits 
from 20 randomly chosen individual plants were 
collected.

Laboratory experiment

After collection, scat samples were immediately 
processed following standard analytical proce-
dures (e.g. Rosalino & Santos-Reis 2002). Date 
of collection was recorded (to be used as a 
surrogate for consumption date), and all seeds 
found in the samples were separated from the 
remaining non-digested material, species identi-
fied, weighed and measured (length and width). 
Other consumed prey (mammals, birds, reptiles, 
amphibians, eggs, arthropods, gastropods and 
other plant material) were also identified on the 
basis of the visible remains, to roughly assess 
meal composition (trophic diversity). Subse-
quently, following Baskin and Baskin (1998), 
each seed was cultivated in a 4 ¥ 4 ¥ 5 mm pit-
cell, filled with a mixture of peat and river sand, 
and kept in a germination tray with controlled 
conditions of sunlight and water. Each pit-cell 
was monitored and irrigated twice a week and 
emergence date was recorded (defined as the 
date when the seedling emerged above the cell 
surface).

Fresh fruits collected in the field, under tree 
canopy and still intact (< 15–20 days after ripen-
ing) were also weighed and measured (length 

and width) prior to seed extraction. Each of these 
seeds was subjected to the same procedure as 
those collected in scats.

The number of days to emergence for both 
seed types (from scats or fruit plants) was the 
number of days from planting to germination.

Data analysis

We used three different analytical approaches to 
ascertain the role of carnivores as Mediterranean 
fruit dispersers. First, for each carnivore spe-
cies we compared the percentage of germinated 
seeds for each fruit per carnivore, using Yates’ 
correction for continuity applied to a modified 
chi-square test (Simpson et al. 1960).

Then, we assessed potential factors influenc-
ing seed germination (the response variable), 
including those related to the consumer (carni-
vore species and its dietary diversity, estimated 
as the number of food types in the scat where the 
seed was collected), and those associated with 
the fruit and its seeds, specifically fruit type, 
field collection date, seed size (weight, length 
and width) and seed shape (ratio width/length). 
We tested three hypotheses: germination was 
determined by (1) carnivore-related factors, (2) 
seed characteristics, and (3) combination of both. 
For this purpose, following Hosmer and Leme-
show (1989) we used Logistic Regression models 
(binomial distribution and logit link function). 
This statistical procedure allows the analysis of 
binary response variables [germination(1)/no ger-
mination(0)] (Zuur et al. 2007). Models were 
developed for each fruit species and for all fruit 
types pooled together. Model selection was based 
on Akaike information criterion (AIC, ΔAIC and 
WI)

Since this technique is very sensitive to mul-
ticollinearity of independent variables (Tabach-
nick & Fidell 1996), we tested correlations 
between them using Spearman’s rank correlation 
(rs) (Zar 1999). Cook’s distance was used to 
investigate outliers (Maroco 2007). When corre-
lations between pairs of variables were detected, 
the one that showed a higher association with 
the response variable (on the basis of the signifi-
cance value of the Wald statistics) was retained 
for further analysis.
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Significance of regression parameters was 
tested using the Wald statistic and the likelihood 
ratio test. Models’ goodness-of-fit was assessed 
using: (i) percentage of correct classifications, 
and (ii) Pearson residuals chi-square test. Lastly, 
the effect of seed size (weight, length and width) 
and origin (scat or fruit samples) on germina-
tion rate (i.e. difference, in days, between the 
planting and emerging at the cell surface dates) 
and their interactions per species, was evaluated 
using a general linear model (GLM) (Tabachnick 
& Fidell 1996). For each GLM, the equality of 
error variances was tested using Levene’s test 
and the normality of residuals was tested using 
a Kolmogorov-Smirnov (K-S) test (Zar 1999). 
Since the model for strawberry tree fruits did 
not produce normally distributed residuals, even 
after data transformation, a Generalized Linear 
Model was used (Zuur et al. 2007). All analyses 
were carried out using SPSS for Windows, ver. 
16.0.1.

Results

During the 12 months of field work, 326 scats 
were collected: 7 of weasels, 47 of stone mar-
tens, 107 of Eurasian badgers, 35 of Egyptian 
mongooses, 97 of common genets and 33 of 
red-foxes. From those, only 171 contained seeds 
(weasel: 1; stone marten: 24; badger: 60; Egyp-
tian mongoose: 18; genet: 46; fox: 22). Due to 
small sample size, weasel data were excluded 
from further analyses. Data regarding fruits, 
seeds and carnivores are summarised in Table 1.

The comparison between the proportion of 
germinated seeds collected from the field and 
those that have passed through the carnivores’ 
digestive tracks showed that some mammalian 
species have a positive effect on germination, 
while others negatively influence germination 
(Table 2). Thus, while consumption of pears by 
badgers, genets and foxes; olives by badgers and 
genets; and grapes by genets seemed to promote 
their seed germination, the remaining combina-
tions of seeds and carnivores had deleterious 
effects on germination (Table 2). With regard to 
figs, although several statistical differences were 
detected, (e.g., higher germination rate if figs are 
consumed by genets), due to very low percent-

age recorded (< 0.001, Table 2) we ignored this 
result.

When all seeds were pooled together, it was 
clear that the probability of germination was 
influenced by the seed weight, consumption date 
and fruit species considered (Table 3). The detec-
tion of multicollinearity prevented the use of 
seed length, width and shape in logistic regres-
sion models. Due to small sample sizes some 
of the fruits were not included in the models; 
analysis was only possible for pears, figs and 
olives. For figs, the number of prey types in the 
meal seemed to positively influence germination 
(Table 4). Pear germination appears to be con-
strained by carnivore species (especially stone 
martens), and heavier seeds are more likely to 
germinate (Table 5). Finally, olive germination 
is more likely from heavier seeds consumed later 
in the year (Table 6). Models showed that at least 
one independent variable had predictive power 
for each fruit species, and demonstrated a fair to 
good goodness-of-fit whatever the method used 
(Tables 3–7).

Due to small sample sizes, GLMs were only 
produced for pears, figs and olives. None of the 
considered variables seemed to influence olive’s 
germination rate. For pears, the germination rate 
was dependent on the interaction carnivore spe-
cies ¥ origin ¥ seeds width (F5 = 18.629, p < 
0.001; Levene’s test: F4,5 = 1.027, p = 0.402; K-S 
test: Z59 = 1.328, p = 0.059). Figs were highly 
affected by seeds’ width (F1 = 5.887, p = 0.027; 
Levene’s test: F1,2 = 0.023, p = 0.881; K-S test: 
Z19 = 0.858, p = 0.453). However, models did not 
account for much of the variability present in the 
data. For example for figs, GLM explained only 
26% of the variance (r2 = 0.257). The best model 
for pears, explained 64% of the variability (r2 = 
0.637).

GLM produced for strawberry tree seeds 
showed that seed weight (Wald χ2 = 29.352, df 
= 1, p < 0.001) and its interaction with width 
(Wald χ2 = 26.341, df = 1, p < 0.001) determined 
the number of days to germination.

Discussion

Our results indicate that in the cork oak wood-
land area of southwestern Portugal, there are 
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Table 2. Comparison between the percentage of germinated seeds collected from scat samples (% scat) and 
seeds isolated from wild fruits (% fruits). χ2 = Chi-square statistics; – = no consumption; df for all tests = 1. *** = 
significant at p < 0.001.

	 % fruits		  Martes	 Meles	 Herpestes	 Genetta	 Vulpes
			   foina	 meles	 ichneumon	 genetta	 vulpes

Arbutus unedo	 9.48	 % scats	 1.45	 0	 0	 0	 0
		  χ2	 4556.16***	 4703.05***	 3713.69***	 6392.45***	 59652.64***
Ficus carica	 < 0.001	 % scats	 0	 0	 0	 < 0.001	 0
		  χ2	 379.13***	 417.07***	 1532.60***	 86.64***	 442.08***
Olea europaea	 32.00	 % scats	 –	 41.03	 –	 41.18	 9.09
		  χ2	 –	 5845.81***	 –	 59.83***	 479.28***
Pyrus bourgaeana	 3.72	 % scats	 1.64	 8.42	 1.59	 4.17	 10.53
		  χ2	 389.65***	 18.48***	 379.10***	 903.86***	 62.43***
Rubus sp.	 0.03	 % scats	 0	 0	 0	 0	 0
		  χ2	 14.72***	 308.59***	 41.02***	 15.60***	 505.33***
Vitis vinifera	 0	 % scats	 –	 –	 –	 0.94	 –
		  χ2	 –	 –	 –	 1.08***	 –

Table 3. Model selection and selected variables incorporated in the best logistic regression models obtained for the 
data grouping all seed species. Coll_date = collection date, Diet_divers = diet diversity, Au = Arbutus unedo, Fc = 
Ficus carica, R = Rubus sp., Oe = Olea europaea, Vv = Vitis vinifera, AIC = Akaike Information Criterion, ΔAIC = 
difference between AIC values for two nested models, WI = Akaike weight.

Model types	 AIC	 ΔAIC	 WI

1. Fruit_based: Fruit_sp + seed_weight + Coll_date	 1545.53	 0	 0.743
2. Hybrid model: Carnivore_sp + Diet_divers + Fruit_sp + seed_weight + Coll_date	 1547.65	 2.12	 0.257
3. Consumer_based: Carnivore_sp + Diet_divers	 1742.31	 196.78	 < 0.001

Model 1	 B	 SE	 Z	 p	 Likelihood ratio test (χ2)	 p

Fruit*					     30.93	 < 0.001
Fruit2 (Au)	 –0.161	 1.041	 –0.154	 0.877
Fruit3 (Fc)	 0.666	 0.643	 1.035	 0.300
Fruit4 (R)	 –0.129	 0.031	 –0.042	 0.997
Fruit5 (Oe)	 1.307	 0.341	 3.833	 < 0.001
Fruit6 (Vv)	 –2.073	 1.021	 –2.029	 0.042
Coll_date	 0.004	 0.0005	 8.287	 < 0.001	 76.33	 < 0.001
Weight	 3.688	 0.993	 3.715	 < 0.001	 269.45	 < 0.001
Constant	 –3.690	 0.223

* Fruit reference category: Pyrus bourgaeana.

Table 4. Model selection and selected variables incorporated in the best logistic regression models obtained for the 
figs germination data. Coll_date = collection field date, Diet_divers = diet diversity, AIC = Akaike Information Crite-
rion, ΔAIC = difference between AIC values for two nested models, WI = Akaike weight.

Model types	 AIC	 ΔAIC	 WI

1. Simplified consumer_based: Diet_divers	 17.07	 0	 0.737
2. Fruit_based: seed_weight + Coll_date	 20.5	 3.43	 0.166
3. Consumer_based: Carnivore_sp + Diet_divers	 21.9	 4.83	 0.066
4. Hybryd model: Carnivore_sp + Diet_divers + seed_weight + Coll_date	 23.4	 6.33	 0.031

Model 1	 B	 SE	 Z	 p	 Likelihood ratio test (χ2)	 p

Diet_diver	 2.771	 1.387	 –2.333	 0.0457	 5.277	 0.022
Constant	 –8.324	 3.554
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some carnivore species that seem to promote 
germination of certain seeds, and thus act as 
dispersers, while others function as germination 
inhibitors. While some authors showed contrast-
ing results to this pattern (e.g., Traveset’s 1998 
review stated that 42% of all non-flying mam-
mals have a neutral effect on seed germina-

tion) others stated that mammals could act as 
important dispersers. In the Sierra de Cazorla 
(southeastern Spain) for example, almost 40% 
of the fleshy-fruited plants occurring could be 
dispersed by mammalian carnivores (Herrera 
1989), and in the French Mediterranean region, 
32% of all studied plant taxa were dispersed 

Table 5. Model selection and selected variables incorporated in the best logistic regression models obtained for the 
pears germination data. Coll_date = collection field date, Diet_divers = diet diversity, Hi = Herpestes ichneumon, Gg 
= Genetta genetta, Mm = Meles meles, Vv = Vulpes vulpes, AIC = Akaike Information Criterion, ΔAIC = difference 
between AIC values for two nested models, WI = Akaike weight.

Model types	 AIC	 ΔAIC	 WI

4. Simplified hybrid_based: Carnivore_sp + seed_weight	 214.09	 0	 0.683
3. Hybryd model: Carnivore_sp + Diet_divers+ seed_weight + Coll_date	 216.8	 2.71	 0.253
2. Fruit_based: seed_weight + Coll_date	 218.82	 4.73	 0.064
1. Consumer_based: Carnivore_sp + Diet_divers	 234.19	 20.01	 < 0.001

Model 4	 B	 SE	 Z	 p	 Likelihood ratio test (χ2)	 p

Seed_weight	 42.679	 9.916	 4.304	 < 0.001	 18.528	 < 0.001
Carnivore*					     12.271	 0.015
Carnivore2 (Hi)	 0.926	 1.460	 0.634	 0.526
Carnivore3(Gg)	 2.227	 1.496	 1.489	 0.137
Carnivore4 (Mm)	 2.281	 1.066	 2.140	 0.032
Carnivore5 (Vv)	 2.520	 1.081	 2.332	 0.020
Constant	 –6.394	 1.203

* Carnivore reference category: Martes foina.

Table 6. Model selection and selected variables incorporated in the best logistic regression models obtained for the 
olive germination data. Coll_date = collection field date, Diet_divers = diet diversity, AIC = Akaike Information Crite-
rion, ΔAIC = difference between AIC values for two nested models, WI = Akaike weight.

Model types	 AIC	 ΔAIC	 WI

1. Fruit_based: seed_weight + Coll_date	 1272.3	 0	 0.703
2. Hybryd model: Carnivore_sp + Diet_divers + seed_weight + Coll_date	 1275.02	 2.72	 0.297
3. Consumer_based: Carnivore_sp + Diet_divers	 1343.39	 71.09	 < 0.001

Model 1	 B	 SE	 Z	 p	 Likelihood ratio test (χ2)	 p

Coll_date	 0.004	 0.001	 7.987	 < 0.001	 63.79	 < 0.001
Weight	 3.281	 0.994	 3.301	 < 0.001	 11.08	 < 0.001
Constant	 –2.226	 0.352

Table 7. Goodness-of-fit of models.

Models	 Percentage of correct classifications	 Pearson residuals χ2-test

All seeds’ data	 75.4	 χ2 = 1589.695, df = 1617, p = 0.679
Figs	 88.5	 χ2 = 20.762, df = 25, p = 0.706
Pears	 93.1	 χ2 = 406.262, df = 463, p = 0.973
Olives	 63.2	 χ2 = 914.766, df = 906, p = 0.413
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by mammals, especially the red fox and stone 
marten (Debussche & Isenmann 1989). Our 
results showed that the common genet is one of 
the most effective seed dispersers because of its 
positive germination effect on pears, olives and 
grape seeds. This species is a recent invader of 
Mediterranean Europe (Gaubert et al. 2009), 
where fruits are often available (Herrera 1995), 
but it behaves more often as a vertebrate preda-
tor, especially preying on rodents (Larivière & 
Calzada 2001, Rosalino & Santos-Reis 2002). 
Gastrointestinal tracts of most carnivores are 
relatively short and simple (Stevens & Hume 
1998), but the high meat content in carnivore diet 
typically increases retention time of food in the 
gut (Silva et al. 2005). This increases the time 
seeds are subjected to mechanical and chemical 
(gastrointestinal acids and enzymes) abrasion, 
which can weaken seeds’ protection layer (the 
seed coat) that physically prevents the seed-
ling from growing, and represents a mechanical 
defence of seeds against predation (Rodgerson 
1998). Passage through a predator’s gut facili-
tates a seed coat’s split when the embryo grows, 
thus promoting development when the seed is 
deposited on the soil together with other faecal 
organic material (Razanamandranto et al. 2004).

Stone martens are an interesting case of a fru-
givorous carnivore whose role as seed disperser 
seems to vary throughout its European range. 
Schaumann and Heinken (2002) concluded that 
stone martens, as well as pine martens, must be 
considered important dispersers of the fleshy-
fruited plants inhabiting the understory of central 
European forests. However, Aronne and Russo 
(1997), and Traveset et al. (2001) did not detect 
any effect of stone martens on seed viability. 
This species is one of the European southwest-
ern carnivores that include higher proportions of 
plant biomass (plants and fruits) in their diet (e.g. 
Posluszny et al. 2007, Santos et al. 2007). This 
results in ingested foods passing faster through 
their guts (Murray et al. 1994), thus a neutral 
effect of ingestion on seed germination could be a 
results of seeds’ spending shorter time in the gut. 
However, our results seem to point to a deleteri-
ous effect on some fruit species, suggesting that 
additional factors are affecting seed germination 
viability, and that this species does not function 
as an effective disperser for Mediterranean fruit 

species in our study area. This inconsistency of 
a consumer’s role as disperser is not uncom-
mon (see Traveset 1998 for other examples), 
and our results could be a consequence of sev-
eral interacting factors, whose effects are dif-
ficult to untangle: fruit and seed characteristics, 
which vary geographically and with seed and 
fruit age (Traveset 1998); constraints on germina-
tion imposed by climate unpredictability and the 
dryness of Mediterranean landscapes (e. g. higher 
protection from dryness); and type and quality 
of the food consumed simultaneously with the 
fruits which can alter the degree of acidity within 
the gut and in scats, that can affect the seed 
coat physically and/or chemically (Traveset et al. 
2001) and consequently decrease its viability.

Foxes and badgers are opportunistic feed-
ers for which fruits and other plant material 
are important, but vertebrate prey also play an 
important role in the species trophic ecology 
(Fedriani et al. 1999, Carvalho & Gomes 2004, 
Santos et al. 2007). According to our data, these 
species have a positive effect on germination 
and can be considered average seed dispersers 
among carnivores of southwestern Iberia (which 
is associated with a moderate digesta speed).

Peco et al. (2006) demonstrated that, for 
Mediterranean grassland plants ingested by sheep 
(Ovis sp.), large-seeded plant species generally 
had higher survival rates than small-seeded spe-
cies. Our results seem to support the extrapola-
tion of these inferences towards Mediterranean 
fleshy-fruits and carnivores. In fact, the heavi-
est seeds (in our case olives) were those that 
presented a higher germination rate (reaching 
41% for two carnivores dispersers: badgers and 
genets). Moreover, even within the same species 
(e.g. pears and olives), seed weight significantly 
enhanced the germination rate.

Three different weight-related factors prob-
ably act synergistically in promoting seed sur-
vival. Heavier seeds can be the result of a thicker 
seed coat, a greater supply of nutrients for the 
embryo, or a larger embryo (although embryo 
size is thought to be less important than the other 
factors). A thicker seed coat gives more efficient 
protection (Razanamandranto et al. 2004), while 
a larger nutrient supply can help the embryo’s sur-
vival for longer periods in a disperser’s digestive 
track. There is also an evidence that longer peri-
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ods inside the digestive tract, with the consequent 
higher mechanical and chemical abrasions, seem 
to enhance germination after dormancy is inter-
rupted (Traveset 1998, Schaumann & Heinken 
2002). Moreover, a higher amount of nutrient 
(endosperm) means that structurally the embryo is 
located more internally (Baskin & Baskin 1998), 
which helps to prevent embryonic damage caused 
by external factors, since the lower surface/
volume ratio could decrease the impact of acids 
and digestive fluids (Peco et al. 2006).

The consumption of olives later in the season, 
which significantly promotes their germination, 
could be associated with weakening of the seed’s 
protective layer. Olives have a slow decay rate 
(Kruuk & De Kock 1981), and after falling from 
trees they are still available to carnivores (e.g. 
badgers, see Loureiro 2008). However, during 
this period, when they are on the soil surface or 
semi-buried, the seeds’ protective layer is subject 
to external stressors that weaken their resistance 
(e.g. humidity, rain, bacteria, fungi, insects, etc.). 
These factors, together with the mechanical and 
chemical aggression of dispersers’ gut probably 
facilitate splitting of the seed coat to allow ger-
mination.

Although an increase in fig germination is 
low, our model showed that for figs, germina-
tion of ingested seeds is promoted by increased 
number of prey types in a meal. Removal of 
drupelets (small parts of an aggregate fruit) from 
the syconium (the fleshy part of the fig, contain-
ing the drupelets), when they are eaten by car-
nivores, aids germination since it eliminates the 
effect of inhibitors and/or microenvironments 
with high osmotic pressure inside the syconium 
(Lisci & Pacini 1994). Moreover, although we 
are still uncertain what could be causing the 
reported germination pattern, we believe that it 
could be related to the nutrient needs of drupelet 
embryos, which are satisifed when seeds are 
excreted with highly diverse mineral material 
composing non-digested excreta.

The germination period (defined here as the 
number of days between planting and emergence 
of the seedling at the soil surface) was further 
influenced by the morphological characteristics 
of the seeds. Morphology acts as the main factor 
promoting germination in some cases (seed 
width in figs and weight in strawberry tree 

fruits) or in combination with other variables, as 
detected in pears.

Frequently there is a positive correlation 
between seed mass and survival and growth 
(e.g. Bonfil 1998). Therefore, although heavier 
seeds are more prone to germinate, among those 
that do germinate, the smallest need less time 
to develop. This might be related to the nutrient 
reserves available to the embryo. Heavier seeds 
have more reserves and thus embryos can delay 
their germination without compromising seed 
viability. Inversely, smaller seeds, if surviving 
the disperser gut, must germinate sooner because 
of scarce nutrient reserves. Moreover, early ger-
minated smaller seeds have an advantage of 
accessing a larger share of resources (water, light 
and other nutrients), or even allowing the seed-
ling to take advantage of a growth period before 
the severe summer drought, typical for southern 
mediterranean landscapes (Traba et al. 2006).

An important consequence of the ingestion, 
and consequent dispersal, of cultivated fruits 
(e.g., olives, grapes and figs in our study) is its 
deleterious effects on natural or regenerating 
landscapes through introduction of these agrar-
ian species into the species pool (Matías et al. 
2010). Although it can represent almost a neg-
ligible fraction of the consumed fruits in some 
areas (e.g. only 0.14% in a study implemented 
in Sierra de Cazorla, southeastern Spain, see 
Herrera 1989), in our study they reach 50%, 
and could be an important factor to take into 
consideration. This dispersion affects particu-
larly regenerating habitats, where species rich-
ness is lower and germination opportunities for 
cultivated species higher and where mammals 
can act as long-distance dispersal vectors (see 
e.g. Matías et al. 2010). However, our study 
area is composed of a landscape shaped by 
centuries of human activities (cork oak wood-
land or “montado”), characterized by a multi-use 
system traditional in rural landscapes of south-
ern Europe, where agricultural, silvicultural, and 
pastoral production are combined to provide a 
sustainable use of natural and human resources 
(Makhzoumi 1997). In this landscape, orchards 
and olive yards have been a part of the system 
for centuries, and are particularly important in 
terms of vertebrate conservation, because of the 
diverse wildlife that they support (Diáz et al. 
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1997), and therefore the non-native dispersion in 
the community is minor.

Although our results contribute to a better 
understanding of the role of carnivores in the 
effective dispersion of Mediterranean fleshy 
fruits, it is important to reinforce the idea that 
the effect of dispersers on seed germination is 
not universal and varies with plant species, fruit 
type, retention time of seeds in the disperser’s 
gut, environmental conditions and geographical 
location (Razanamandranto et al. 2004). How-
ever, this data highlights the role of many car-
nivores inhabiting a Mediterranean region of 
southwestern Europe as potential seed dispersers, 
by identifying fruits consumed by those species 
and assessing their effect on seed germination. 
The importance of carnivores as dispersers is 
enhanced by the fact that seed dispersal is consid-
ered a major vector of gene flow among remnant 
patches of natural vegetation (Bacles et al. 2006).
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