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Can cover crops reduce rabbit-induced damages in vineyards in

southern Spain?

Isabel C. Barrio, Rafael Villafuerte & Francisco S. Tortosa

Damage caused by wildlife foraging can lead to significant agricultural losses and the problem can be further
complicated if the damage-inducing animal is a valuable resource in its own right. Provision of alternative food

sources such as cover crops might be a means of reducing the damage which appears to be linked to scarcity of
alternative foods in intensively-managed agroecosystems. Cover cropsmay provide other benefits to agroecosystems,
i.e. preventing soil erosion but can potentially have some undesired consequences, i.e. water competitionwith the cash
crop. In our study, we tested the effectiveness of cover crops in reducing the damage caused by foraging European

rabbit Oryctolagus cuniculus to vineyards in a semi-arid agroecosystem in southern Spain. Experimental treatments
consisted of a combination of the presence/absence of sown cover crops (70% oatAvena sativa and 30% garden vetch
Vicia sativa) with/without rabbit exclusion. In the 2009 growing season, we assessed rabbit-induced damage using a

browsing index on vine shoots, rabbit use of plots was estimated based on faecal pellet counts and grapevine yield was
measured at harvest. Rabbits ate the cover crops, and rabbit use was highest in the plots sown with the oat and vetch
cover crop. However, the effect of the presence of the cover crop on the amount of damage caused by rabbits was

limited and, moreover, the presence of the cover crop had a negative effect on grapevine yield. Exclosure fences
effectively reduced rabbit damage by keeping rabbit densities close to zero, but even a low rabbit number (; 1 rabbit/
ha) can cause significant damage.Although cover crops provided rabbits with an alternative food source, they acted as

attractants for rabbits and were not effective in reducing the damage caused to vineyards by higher rabbit numbers.
Therefore, adding cover crops might not be an effective measure in controlling rabbit-induced damage in semi-arid
wine-growing regions.
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Pyrenean Institute of Ecology (CSIC), Avda Rgmto Galicia s/n P. O. Box 64, Jaca E-22700, Huesca, Spain - e-mail:

b42cabai@uco.es
Rafael Villafuerte, Instituto de Investigación en Recursos Cinegéticos (CSIC-UCLM-JCCM), Ronda de Toledo s/n,
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In intensively human-modified landscapes, game spe-

cies can be agricultural pests whose foraging can lead

to significant agricultural losses, especially in semi-

arid landscapes where agriculture and game-hunting

industries coexist. In some semi-arid agroecosystems

in southernSpain,wherevineyardsareoneof themost

important crops in terms of income, employment and

environmental impact, these crops are compromised

by the damage causedby foragingwildEuropean rab-

bits Oryctolagus cuniculus. In the region, the dam-

age caused by rabbits might be exacerbated by a

reduction in the availability of alternative foods (e.g.

arable weeds) caused by agricultural intensification

(Barrio et al. 2010b).
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In this sense, cover crops, i.e. sowing lines of
herbaceous vegetation within valuable crops, might
represent an alternative food source for the damag-
ing pest and may thus provide a means of reducing
wildlife-induced damage to crops (Barrio et al.
2010b). Cover cropping can be a means of reversing
the loss of diversity in intensively managed agro-
ecosystems by increasing plant diversity and land-
scape heterogeneity (Storkey & Westbury 2007).
Besides, cover crops can be a benefit to agro-
ecosystems by reducing soil erosion, improving
nutrient and water retention in soils, and activating
soil processes (Steenwerth & Belina 2008). Some
studies have examined the effects of cover cropswith
an emphasis on invertebrate pest control (Nicholls
et al. 2001, Thomson & Hoffman 2009), but less is
known about the effects of these measures on
vertebrate pests (Ingels et al. 2005).

Vineyard cover cropping is used widely in the
world’s winegrowing regions, particularly in areas
that have summer rainfall or use irrigation as a
means of controlling vigour and enhancing wine
quality (Chaves et al. 2007). The benefits of in-
tercropping in vineyards have been as well dem-
onstrated in areas that experience low rainfall in
summer and high evaporative water loss (Montei-
ro & Lopes 2007, Lopes et al. 2008, Steenwerth &
Belina 2008), but winegrowers remain concerned
about excessive competition for water between
swards and vines (Celette et al. 2005). That said,
the addition of alternative food sources such as
cover crops over long periods to divert animals
away from the cash cropmight pose other problems.
The addition of a concentrated supplemental food
source might lead foraging animals to congregate in
large numbers, which might cause the food supply
to be temporarily exhausted and lead to an overall
increase in the damage inflicted on the cash crop
(Calenge et al. 2004, Sullivan & Sullivan 2004). The
problem can become particularly acute when
supplemental food is made available in winter or
whenever natural foods are scarce (Conover 2001).
In addition, some cover crops might provide refuge
for the pest species (Ingels et al. 2005) and increase
the potential for damage to vineyards (R. Villa-
fuerte, pers.obs.).

In this study, we evaluated experimentally the
effect of the presence of cover crops on the damage
caused to vineyards by rabbits in a semi-arid
agroecosystem in southern Spain. Specifically, we
assessed the effect of the addition of cover crops on
local rabbit use of plots and the extent of the damage

they caused to vines. Secondly, at the level of the
individual plant, we evaluated the effect of cover
crops on the severity of the damage caused to vines
and the impact on grapevine yield. If cover crops act
as a food source for rabbits and damage is driven by
scarcity of alternative foods, i.e. the Food-limita-
tion Hypothesis (Barrio et al. 2010b), cover crops
will reduce the damage to vineyards caused by
rabbits; however, if cover crops primarily act as
attractants for rabbits and increase their abundance
locally, the result might be an increase in the extent
of the damage caused to vineyards by rabbits.

Methods

Study area and experimental design

Our study was conducted in a semi-arid agricul-
tural landscape in the province of Córdoba
(Montilla-Moriles Winegrowing Region), southern
Spain (37833’N, 4837’W). The region has a dry
Mediterranean climate, with mean annual temper-
atures ranging between 8 and 268C, and an average
annual rainfall of 500 mm. Most of the precipita-
tion occurs in autumn. The soils are calcareous and
most of the arable land is devoted to intensive
agriculture. The area is a mosaic of olive groves,
vineyards, cereal crops and, to a small extent,
patches of natural vegetation. Winegrowing repre-
sents a vast proportion of the arable lands (; 40%;
I.C. Barrio, unpubl. data) and is a major compo-
nent of the local economy, with grapes being used
mainly in commercial wine production. In addi-
tion, small-game hunting is of significant economic
importance to the area (Vargas et al. 2007), and
regionally, rabbits occur in moderately high
numbers (Barrio et al. 2010a).
To conduct the experiment, we selected vineyards

of 3-8 ha at three sites that were . 1 km apart. The
vineyards contained grapevines Vitis vinifera of the
variety Pedro Ximénez. Cultivation practices (e.g.
crop protection treatments and fertilizers) might
have differed slightly among the vineyards because
they had different owners, but the differences were
likely to be minor because all were regulated under
the sameWinegrowingRegion. For the experiment,
each vineyard was divided into four contiguous
sections (hereafter ’plots’) and an experimental
treatment resulting from the combination of two
management actions (presence/absence of sown
cover crops and exclosure fencing) was assigned to
each plot (N¼ 12). The size of plots was constant
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within sites but differed among sites owing to
vineyard size, and in all cases, it was . 0.75 ha. In
November 2008, a cover crop of 70% oats Avena
sativa and 30% garden vetchVicia sativawere sown
in alternating rows parallel to the edge of the
vineyard (seed density; 75 kg/ha). Seedswere sown
in 50-cmwide strips and the area immediately under
the vines was left unsown. To avoid excessive
competition for water between vines and cover
crops, the cover crops were mowed in late April
2009. To exclude rabbits from two of the plots in
each vineyard, 1-m high fences were embedded 20
cm into the ground immediately after the sowing of
the cover crops, and all rabbits were removed from
these plots. To ensure that the abundance of rabbits
within the fenced plots was close to zero, the
integrity of the fences was checked each week. The
unfenced plots (UF) mimicked the natural condi-
tion in the study area, where rabbits had unfettered
access to the crops and the availability of natural
foods was low. In the unfenced plots where cover
cropswere sown (UFþS), the abundance of food for
rabbits was artificially increased by the sowing.
Rabbits were excluded from fenced plots (F) and
fenced plots sown with cover crops (FþS), which
provided a basis for assessing the effects of the
presence of cover crops on vineyard in the absence
of the potentially confounding effect of rabbit-in-
duced damage. At each of the sites, logistical con-
straints meant that the two fenced plots and the two
sowed plots were always contiguous; otherwise, the
allocation of experimental treatments to plots was
random.

In each plot, to account for the possibility of an
edge effect, from the edge of the crop inwards, 20
vines were marked every 5 m in two parallel rows
that were 5 m apart. The starting point of these
marked vine-rows was selected to be in the mid-
point of one external side of the plot, so as to
maximise distances between the marked rows
between plots (in all cases . 200 m). In the 2009
growing season, the marked vines were monitored
monthly from the time of the emergence of buds in
early March until grape harvest in late August (N¼
5 visits). Only the vines (N¼ 221) that did not dry
out or were not affected by disease were followed
throughout the season and included in the analyses.
Discarded vines represented a small proportion of
the vines (7.9%), and therefore, this may not have a
big effect on our results. We assessed the rabbit-
induced damage to vineyards at two levels (Pietrzy-
kowski et al. 2003): at the plot level,wemeasured the

extent of the damage affecting a number of plants in
each plot, and at the plant level, we evaluated the
severity of the damage inflicted on individual vines.
We quantified the severity of the rabbit-induced
damage by counting the number of buds and shoots
bitten on each vine and expressed it as the
proportion (in %) of all of the buds and shoots on
a vine that were removed by rabbits. Other
herbivores whose browsing damage may be con-
founded with that of rabbits’, such as hares Lepus
spp., occur in the area in very low numbers, so that
damage can be safely assumed to be caused by
rabbits only (I.C. Barrio, pers. obs). At the plot
level, the extent of the damage caused by rabbitswas
expressed as the proportion (in %) of the vines in
each plot that were damaged. At harvest, the
grapevine yields of themarked vineswere quantified
in the field by weighing each of the grape clusters on
each of the vines using an electronic kitchen scale
(with a precision of 6 0.1 g).
To estimate rabbit use of the plots, each month,

we counted the number of rabbit faecal pellets at
fixed sampling points within each experimental plot
(Taylor & Williams 1956), as per the grid design
used tomonitor vines.DuringMarch - July 2009,we
counted pellets within 0.5-m2 circular sampling
points. After each count, the pellets were removed
from the sampling units and the pellet counts from
the first visit to each plot were excluded from the
analyses. The number of pellets in each unit was
counted, and for each month and sampling plot, a
mean density of pellets per day and surface unit was
calculated.
In addition, to evaluate whether the sown cover

crops served as a food source for rabbits, we used a
stratified random sampling.Within each of the plots
sown with cover crops, we distinguished between
edge (i.e., 10m from the border) and core (i.e.. 20
m into the crop) areas and, within each of these
areas, once a month until mowing (N¼3 visits), we
randomly set five sampling units. The sampling unit
was a 253 25-cm square that had a 53 5 cm mesh
grid. Using the Point Intercept Method, we
recorded 25 observations per sampling unit, which
were classified as bare ground, browsed sown cover
crop or unbrowsed sown cover crop.

Data analysis

To evaluate the effects of the presence of cover
crops on rabbit-induced damage to vineyards, we
used LinearMixedModels (LMM) for continuous
response variables and binomial Generalised
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Linear Mixed Models (GLMM) with a binomial
distribution and a logit link when response var-

iables were expressed as proportions (Zuur et al.

2009). In the plot-level analysis, each plot was the
experimental unit (N¼12) and ’sampling site’ was
treated as a random factor. In the plant-level

analysis, the individual vine was the experimental
unit (N¼221) and ’plot within each sampling site’
and ’sampling site’ were included as random fac-

tors in the model due to the nested design of the
experiment. To control the effects of heterogeneity

in residual spread, variance structures were added

to the models (Pinheiro & Bates 2000), which

allowed the residuals to have different spreads
across the levels of a categorical variable; i.e. the

variance covariate (sampling site in the plant-level

analysis).

To evaluate the effect of cover crops on rabbit use

of plots and the damage they cause at the plot level,
we used two models in which the response variables

were the mean rabbit use over the period of the

study and the extent of rabbit-induced damage

(highest proportion of vines damaged per plot
throughout the sampling period), respectively. We

log-transformedmean rabbit use of plots to achieve

normality. In both of the models, the two manage-
ment actions (rabbit exclosures and the sowing of

cover crops) and their interaction were included as

fixed effects.

To evaluate the effects of cover crops on rabbit

damage and yield loss at the plant-level, the re-

sponse variables in the two models were the max-
imum severity of the damage inflicted on each plant

in the course of the study and grapevine yield, re-

spectively. We square-root transformed grapevine
yield to achieve normality. In addition to the two

management actions and their interaction, we
included the distance from each vine to the crop

edge as fixed effect in both models. With grapevine

yield, the severity of the damage was also included
as an explanatory variable in the fixed component.

To illustrate differences among experimental
treatments, i.e. combinations of rabbit exclosure

levels and presence/absence of cover crops, addi-

tional LMM and GLMMs were built and post-hoc
Tukey tests were conducted.

We assessed the development of sown cover crops
and their use as a food source by rabbits by

calculating the proportion of all point intercepts

that were bare ground in each sampling square, and
the proportion of non-bare ground intercepts that

were covered by browsed plants in sown experi-
mental plots. To identify the main factors that

influenced these indices, we generated binomial

Generalised Linear Mixed Models in which the
’sampling site’was treated as a random factor due to

the sampling design. Initial models included the

effects ofmonth, location relative to the crop border
and the presence/absence of exclosure fences

In all cases, model selection was based on
Akaike’s Information Criterion (AIC) by compar-

ing nestedmodels following a backwards procedure

Figure 1. Effects of experimental treatment
levels at a plot level (A) regarding rabbit use
of plots (pellets/m2/day; A1) and the per-
centage of damaged vines per plot (A2), and
at a plant level (B1 and 2), showing the
damage exerted to each vine plant measured
as the percentage of browsed shoots (B1) and
the effect on grapevine yield (in kg; B2).
Small case letters indicate significant differ-
ences (P¼ 0.05) between groups, as assessed
using post-hoc Tukey tests.Mean values and
95% confidence intervals are shown. F ¼
fenced plots, FþS¼ sown fenced plots, UF:
unfenced plots and UFþS: sown unfenced
plots.

� WILDLIFE BIOLOGY 17:4 (2011) 91

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



(Zuur et al. 2009). For GLMMs, we report the v2

statistics of the likelihood-ratio tests between mod-
els with and without a certain fixed term (Bolker et
al. 2009). In all of the models, the assumptions of
normality, homogeneity and independence in the
residuals were met (Zuur et al. 2009). Statistical
analyses were performed using R 2.10.1 (R Devel-
opment Core Team 2009) and the packages nlme
and lme4.

Results

Effects of cover crops at the plot level

Rabbit use of plots differed significantly among the
four experimental treatments (F¼ 7.883, df¼ 3,6,
P ¼ 0.0167; Fig. 1.A1). The presence of exclosure

fences and cover crops (Table 1) had significant
effects on the use of plots by rabbits (mean¼ 0.071
pellets/m2/day, SD ¼ 0.080; range: 0.00-0.25), but
the interaction between these two factors was not
significant (LRT¼0.009; P¼0.925). Use by rabbits
of unfenced plots sown with cover crops was rel-
atively high (mean 6 SD ¼ 0.167 6 0.091 pellets/
m2/day).
Themeanproportionof the vines in eachplot that

were affected by rabbit-induced damage was
31.78% (SD ¼ 25.75; range: 0.00-68.42) and was
highest in the unfenced plots, whether sown with
cover crops or not (mean extent of damage in un-
fenced plots ¼ 51.18%, SD ¼ 15.07; range: 29.41-
68.42). We found a significant effect of the inter-
action between the two management actions, in-
dicating that the effect of cover crops in reducing the

Table 1. Finalmodels for the effects of cover crops at the plot level: on rabbit use of plots (A1) and the extent of rabbit damage (A2), and at
the individual plant level (B): on the severity of damage (B1) and on grapevine yield (B2). Linear Mixed Models (LMM) were used for
continuous response variables and binomialGeneralised LinearMixedModels (GLMM) for response variables expressed as proportions.
DAIC indicates the improvement inmodel fit of the finalmodel comparedwith the fullmodel;DAICequals zerowhen the finalmodel is the
same as the full model.

A1. LMM for rabbit use of plots;

Response: rabbit use of plots (log transformed); Random factor: study site; DAIC ¼ 10.178

Estimate (6 SE) Df t-value Significance

Intercept -2.650 (6 0.281) 7 -9.441 0.000

Fence -1.371 (6 0.302) 7 -4.544 0.003

Sowing 0.793 (6 0.302) 7 2.628 0.034

A2. Binomial GLMM for the extent of damage

Response: proportion of damaged vines; Random factor: study site; DAIC ¼ 0.000

Estimate (6 SE) Z-value Significance

Intercept 0.123 (6 0.384) 0.321 0.748

Fence -4.246 (6 1.059) -4.009 0.000

Sowing -0.172 (6 0.394) -0.436 0.663

Fence*Sowing -3.029 (6 1.142) 2.653 0.008

B1. Binomial GLMM for the severity of damage

Response: proportion of shoots damaged on each vine; Random factor: treatment plot within study site; DAIC ¼ 0.000

Estimate (6 SE) Z-value Significance

Intercept -1.787 (6 0.606) -2.947 0.003

Distance to edge -0.019 (6 0.004) -4.810 0.000

Fence -5.209 (6 0.960) -5.425 0.000

Sowing -0.339 (6 0.523) -0.649 0.516

Fence*Sowing 4.046 (6 1.103) 3.668 0.000

B2. LMM for grapevine yield

Response: grapevine yield (kg; square root transformed); Random factor: treatment plot within study site; Variance structure:
different standard deviations per zone; DAIC ¼ 34.116

Estimate (6 SE) Df t-value Significance

Intercept 1.778 (6 0.211) 208 8.438 0.000

Sowing -0.349 (6 0.126) 8 -2.777 0.024
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extent of rabbit-induced damage, varied between
fenced and unfenced plots (see Table 1); sowing sig-
nificantly increased the extent of damage in fenced
plots (Tukey contrast for multiple comparisons of
means; z-value¼2.666, P¼0.033), whereas it had no
effect in unfenced plots (Tukey contrast for multiple
comparisons of means; z-value¼ -0.436, P¼ 0.970).

Effects of cover crops at the plant level

At the plant level, the severity of the damage caused
by rabbits varied widely, and was highest in the
unfenced plots (mean damage ¼ 11.72%, SD ¼
19.29; range: 0-91.3%). Experimental treatments
differed significantly (v2¼20.885, df¼3, P¼0.000;
see Fig. 1.B1), and the interaction between man-
agement actions had a significant effect on the se-
verity of damage (see Table 1). In addition, distance
to crop edge had a negative effect on the severity of
damage, indicating that vines further into the field
are less prone to rabbit damage (see Table 1).

In the three study vineyards, average grapevine
yield was 3.16 kg/vine (SD¼ 2.70; range: 0.0-15.9).
Grapevine yield was negatively affected by the
presence of cover crops (see Table 1), but not sig-
nificantly affected by the severity of the damage to
vines (LRT¼0.576; P¼0.448), distance to crop edge
(LRT¼0.420; P¼0.517) fencing (LRT¼1.161; P¼
0.281), or by the interaction between fencing and
sowing (LRT ¼ 1.496; P ¼ 0.221). Plots that were
sown with cover crops yielded 28.84% fewer grapes
than did the plots not sown with cover crops (sown:
mean¼2.62 kg, SD¼2.63; unsown: mean¼3.67 kg,
SD¼ 2.67).

Development and use of cover crops

The location of cover crops relative to the crop
edge (i.e. edge or core position) did not have a
significant effect on the proportion of the ground
that was bare or the proportion of plants that
were browsed (bare ground: v2¼0.789, df¼1, P¼
0.374; browsed plants: v2 ¼ 0.332, df ¼ 1, P ¼
0.565). The proportion of bare ground and
browsed plants were influenced by month (Table
2), decreasing and increasing, respectively, along
the study. The presence of fences decreased the pro-
portion of both, i.e. bare ground and plants that
were browsed (see Table 2).

Discussion

As predicted by the Food-limitation Hypothesis, in
experimental plots within three vineyards in south-

ern Spain, wild rabbits used cover crops as food, as
suggested by browsing evidence on sown cover
crops during the sampling period and by the higher
use by rabbits of unfenced plots that were sownwith
cover crops. Interestingly, the intense use of those
plots by rabbits did not result in greater damage to
vines, whether measured at the level of the plot or
the individual plant, whichmight have been because
the rabbits used the cover crops as an alternative
food, which attracted rabbits to sown plots but was
not overwhelmed by feeding rabbits.
However, browsing indices on vines suggested

that the presence of cover crops did not have a
strong effect in reducing rabbit-induced damage.
This might have been a consequence of selective
grazing by the rabbits (Diaz 2000, Martin et al.
2007) as they may actively search for the highly
nutritious vine buds, even when other palatable
foods are available, especially during periods of
high energetic demand, such as during the breeding
season (Gonçalves et al. 2002). Thus, cover crops
such as those used in our experiment might provide
an adequate food source but are not attractive
enough to deter rabbits fromdamaging vines.At the
level of the plot and the level of the vine, damagewas
most strongly influenced by the presence of fences,
which minimised the abundance of rabbits within
plots. Rabbit abundance and damage to vines can
be positively correlated (Barrio et al. 2010b), and
even at low densities, rabbits can cause significant

Table 2. Final models for the development of cover crops, as
measured through the proportion of bare ground (A) and the
proportion of browsed cover crops (B). Binomial Generalised
Linear Mixed Models (GLMM) were used and Log-likelihood
Ratio Tests (v2) for the comparisons of nested models are given.
AIC indicates the improve in model fit of the final model from the
fullmodel;DAICequals zerowhen the finalmodel is the same as the
full model.

A. Bare ground

Response: proportion of bare ground; Random factor:
study site; DAIC ¼ 1.2

v2 Df Significance

Month 11.493 2 0.000

Fence 19.067 1 0.000

B. Browsed cover crops

Response: proportion of browsed cover crops; Random factor:
study site; DAIC ¼ 1.7

v2 Df Significance

Month 37.515 2 0.000

Fence 360.240 1 0.000
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damage to crops (Bell et al. 1999,Dendy et al. 2003).
Based on a daily defecation rate of 370 pellets/day
(González-Redondo 2009), average rabbit densities
in our study plots were about 2 rabbits/ha, which is
within the wide range of densities reported in rabbit
populations in Europe (Marchandeau et al. 2006)
and corresponds to low-moderate densities. The
significant effect of the interaction between fencing
and sowing on the extent and severity of damage,
with significantly higher damage in fenced plots
sown with cover crops when compared to fenced
plots without cover crops, might have been a result
of the inadvertent presence of rabbits in one of the
sown fenced plots on one of our visits. Even at the
low (; 1 rabbit/ha) local densities that occurred
accidentally in this plot, rabbit-induced damage
occurred, which indicated the sensitivity of the
vineyards to rabbits. Thus, fencing appeared to be
effective in reducing rabbit-induced damage to vines
by keeping rabbit densities close to zero within the
plots (McKillop et al. 1998), but it can be an ex-
pensive and time-consuming measure, especially in
the area of our study where fences are erected at the
beginning of each growing season. In addition, the
failure to exclude all rabbits from a vineyard means
that some damage can still occur and, therefore, the
integrity of the fencesmust be exhaustively checked.

According to our expectations, there was an edge
effect on the severity of rabbit-induced damage.
However, this effect was not detected in rabbit
browsing on sowings. Peripheral wildlife damage to
crops has beenwidely described (Calenge et al. 2004,
Barrio et al. 2010b). In our study, however, the
presence of palatable crops within the vineyard
might have made the vineyards more attractive to
rabbits allowing them to penetrate farther into the
field, given the greater and spatially uniform use of
the plots sown with cover crops. This change in the
spatial use of cropsmight have further implications,
especially where intercropping provides shelter,
rather than food, which allows rabbits to penetrate
farther into the crop. In our study, this was not the
case because rabbit browsing constrained the height
of the cover crops. Research is needed on the impact
of such management practices on the spatial
distribution of rabbit-induced damage on a regional
scale because food availability at a broader level
might influence the use of space by rabbits (I.C.
Barrio, unpubl. data).

In the experimental plots in the vineyards of
southern Spain, the presence of cover crops had a
negative effect on grapevine yield. Plots that were

sown with cover crops were up to 30% less pro-
ductive than plots that were not. Similar reductions
in grapevine yield (Morlat & Jacquet 2003, Tesic et
al. 2007) can be associated with competition for
water and other resources, particularly nitrogen
(Celette et al. 2009). The negative effects of the
presence of cover crops on grapevine yield observed
in our study might have been compounded by
rabbit-induced damage. Rabbit browsing on vines
mainly affects buds and young tissues, which can
lead to a significant reduction in foliar mass in sub
sequent vegetative growth. Defoliation leads to
reduced yield, although it might provide some
benefits to berry ripening by improving microcli-
mate conditions at the site of the cluster (Chaves et
al. 2007). Indeed, despite a significant yield reduc-
tion in grapevine yield, some studies have observed
improved berry composition and must quality
under cover cropping systems (Rodrı́guez-Lovelle
et al. 2000, Morlat & Jacquet 2003), and therefore,
other factors associated with wine production
should be examined in detail before a definitive
management strategy is achieved.
The management of wild rabbit populations is

challenging in areaswhere they have value as a game
species, but make up an agricultural pest. In
intensively human-modified landscapes, the sowing
of cover crops might serve as an alternative food
source for rabbits, but it does not effectively reduce
the damage caused to vineyards by foraging rabbits.
In southern Spain, however, the addition of cover
crops to vineyard plots attracted rabbits and the
potential of using them tomodify the use of space by
rabbits warrants further study, for example by
locating cover crops far from sensitive crops such as
vineyards. However, the potential consequences of
adding these supplemental food sources to rabbit
population dynamics should be investigated in the
long term as population increases linked to en-
hanced food availability might be expected. Al-
though exclosure fencing kept rabbit densities near
zero and was the most effective way to reduce the
damage caused by rabbits, the inadvertent presence
of even a few rabbits within the fenced plots led to
damage, and inadequate surveillance will limit the
effectiveness of this measure in protecting vineyards
against the damage caused by rabbits.
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vines. - Ciência e Técnica Vitivinı́cola 23(1): 37-43.

Marchandeau, S., Aubineau, J., Berger, F., Gaudin, J.C.,

Roobrouck, A., Corda, E. & Reitz, F. 2006: Abundance

indices: reliability testing is crucial - a field case of wild

rabbitOryctolagus cuniculus. -Wildlife Biology 12(1): 19-

27.

Martin, G.R., Twigg, L. & Zampichelli, L. 2007: Seasonal

changes in the diet of the European rabbit (Oryctolagus

cuniculus) from three differentMediterranean habitats in

south-western Australia. - Wildlife Research 34: 25-42.

McKillop, I.G., Butt, P., Lill, J., Pepper, H.W. & Wilson,

C.J. 1998: Long-term cost effectiveness of fences to

manage European wild rabbits. - Crop Protection 17(5):

393-400.

Monteiro, A. & Lopes, C.M. 2007: Influence of cover crop

on water use and performance of vineyard in Mediter-

ranean Portugal - Agriculture, Ecosystems and Environ-

ment 121: 336-342.

Morlat, R. & Jacquet, A. 2003: Grapevine root system and

soil characteristics in a vineyard maintained long-term

with or without interrow sward. - American Journal of

Enology and Viticulture 54(1): 1-7.

Nicholls, C.I., Parrella,M.&Altieri,M.A. 2001: The effects

of a vegetational corridor on the abundance and

dispersal of insect biodiversity within a northern

California organic vineyard. - Landscape Ecology 16:

133-146.

Pietrzykowski, E., McArthur, C., Fitzgerald, H. & Good-

win, A.N. 2003: Influence of patch characteristics on

browsing of tree seedlings by mammalian herbivores. -

Journal of Applied Ecology 40: 458-469.

Pinheiro, J.C. & Bates, D.M. 2000:Mixed-effects models in

S and S-PLUS - Springer-Verlag New York, New York,

USA, 528 pp.

R Development Core Team 2009: R: A language and

environment for statistical computing. - R Foundation

for Statistical Computing, Vienna, Austria. Available at:

� WILDLIFE BIOLOGY 17:4 (2011) 95

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



http://r-development-core-team.software.informer.

com/ (Last accessed on 1 October 2010)

Rodrı́guez-Lovelle, B., Soyer, J.P. & Molot, C. 2000:

Incidence of permanent grass cover on grapevine phe-

nological evolution and grape berry ripening. -ActaHor-

ticulturae 526: 241-248.

Steenwerth, K. & Belina, K.M. 2008: Cover crops enhance

soil organic matter, carbon dynamics and microbiolog-

ical function in a vineyard agroecosystem. - Applied Soil

Ecology 40: 359-369.

Storkey, J. &Westbury,D.B. 2007:Managing arable weeds

for biodiversity. - Pest Management Science 63: 517-523.

Sullivan, T.P. & Sullivan, D.S. 2004: Influence of a gran-

ivorous diversionary food on population dynamics of

montane voles (Microtus montanus), deer mice (Peromy-

scus maniculatus), and western harvest mice (Reithro-

dontomys megalotis). - Crop protection 23: 191-200.

Taylor, R.H. & Williams, R.M. 1956: The use of pellet

counts for estimating the density of populations of the

wild rabbit, Oryctolagus cuniculus (L.). - New Zealand

Journal of Science and Technology 38: 236-256.

Tesic, D., Keller, M. & Hutton, R.J. 2007: Influence of

vineyard floor management practices on grapevine

vegetative growth, yield and fruit composition. -

American Journal ofEnology andViticulture 58(1): 1-11.

Thomson, L.J. &Hoffman, A.A. 2009: Vegetation increases

the abundance of natural enemies in vineyards. - Bio-

logical Control 49: 259-269.

Vargas, J.M., Farfán,M.A.,Guerrero, J.C., Barbosa,A.M.

& Real, R. 2007: Geographical and environmental

correlates of big and small game in Andalusia (southern

Spain). - Wildlife Research 34: 498-506.

Zuur, A.F., Ieno, E.N., Walker, N.J., Saveliev, A.A. &

Smith, G.M. 2009: Mixed effects models and extensions

in Ecology with R. - Springer, New York, New York,

USA, 574 pp.

96 � WILDLIFE BIOLOGY 17:4 (2011)

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


