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Abstract
Effect of wild ungulate density on invertebrates in a Mediterranean ecosystem.— In recent decades, the 
abundance and distribution of certain big game species, particularly red deer (Cervus elaphus) and wild 
boar (Sus scrofa), have increased in south central Spain as a result of hunting management strategies. The 
high density of these ungulate species may affect the abundance of epigeous invertebrates. We tested the 
relationships between big game abundance and biodiversity, taxon richness, the biomass of invertebrates 
and their frequency on nine hunting estates and in comparison to ungulate exclusion areas. Ungulate ex-
clusion itself affected invertebrate richness, since lower values were found in the open plots, whereas the 
highest differences in invertebrate diversity between fenced and open plots was found in areas with high 
wild boar density. Where wild boar densities were high, the number of invertebrates decreased, while where 
they were low, red deer had a positive effect on invertebrate abundance. Fenced plots thus seemed to pro-
vide refuge for invertebrates, particularly where wild boar were abundant. This study supports the idea that 
the structure of fauna communities is damaged by high density populations of ungulates, probably due to 
decreased food availability owing to overgrazing, modified conditions of ecological microniches and direct 
predation. However, the effects depended on the group of invertebrates, since saprophytic species could 
benefit from high ungulate abundance. Our findings reflect the need to control ungulate population density 
under Mediterranean conditions in south–western Europe and to implement ungulate exclusion plots.
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Resumen
Efecto de la densidad de ungulados silvestres sobre los invertebrados en un ecosistema Mediterráneo.— En 
las últimas décadas, la abundancia y distribución de determinadas especies de caza mayor, especialmente 
el ciervo rojo (Cervus elaphus) y el jabalí (Sus scrofa), han aumentado en la zona centromeridional de 
España como resultado de las estrategias de gestión cinegética. La alta densidad de estas especies de 
ungulados puede afectar a la abundancia de los invertebrados epigeos. Estudiamos la relación entre la 
abundancia de las especies de caza mayor y la biodiversidad, la riqueza de taxones, la biomasa de inver-
tebrados y su frecuencia en nueve fincas de caza, y se comparó con las zonas de exclusión de ungulados. 
De por sí, la exclusión de ungulados afectó a la riqueza de invertebrados, ya que se encontraron valores 
más bajos en las parcelas abiertas, mientras que las mayores diferencias en la diversidad de invertebrados 
entre parcelas abiertas y cercadas se encontraron en zonas con una alta densidad de jabalíes. Donde la 
densidad de jabalíes era alta, el número de invertebrados disminuyó, mientras que donde era baja, el ciervo 
rojo tuvo un efecto positivo en la abundancia de invertebrados. Así, las parcelas cercadas parecían ofrecer 
refugio a los invertebrados, sobre todo donde los jabalíes eran abundantes. Este estudio apoya la idea de 
que las poblaciones con una alta densidad de ungulados perjudican a la estructura de las comunidades 
faunísticas, probablemente debido a la disminución de la disponibilidad de alimentos como consecuencia del 
sobrepastoreo, la modificación de las condiciones de los micronichos ecológicos y la depredación directa. 
Sin embargo, los efectos dependieron del grupo de invertebrados, ya que las especies saprofitas podrían 
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beneficiarse de la alta abundancia de ungulados. Nuestros resultados reflejan la necesidad de controlar la 
densidad de las poblaciones de ungulados en condiciones mediterráneas en el suroeste de Europa y de 
establecer parcelas de exclusión de ungulados.
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Introduction

The soil invertebrate community participates actively 
in ecological processes that are essential for substrate 
soil fertility and plant succession (Hedlund & Öhrn, 
2000; Osler & Sommerkorn, 2007). Sources of soil 
disturbance and their effect on invertebrates, includ-
ing the use of pesticides, phytosanitary treatment 
and other measure, have been thoroughly studied in 
agricultural ecosystems (Vickery et al., 2009; Raebel 
et al., 2012). However, knowledge of the factors af-
fecting invertebrate communities in forest ecosystems 
is scarce (McIntyre, 2000). 

Ungulate density and range has increased through-
out Europe and North America over the last century 
(Clutton–Brock & Albon, 1992; Côté et al., 2004; Gor-
don et al., 2004; Sarasa & Sarasa, 2013) as a result 
of the extirpation of large predators (Breitenmoser, 
1998), changes in sylviculture and agriculture, and 
the intensification of game management (Apollonio et 
al., 2010). This increase in wild ungulate populations 
may have a strong impact on soil nutrient status and 
biota due to grazing, rooting, trampling and dunging, 
and changes in plant community due to herbivory 
can also affect invertebrate community structure 
(see Spalinger et al., 2012), but specific studies on 
these relationships are scarce. High densities of 
either livestock (Rosa–García et al., 2009) or wild 
ungulates (Côté et al., 2004; Mohr et al., 2005) are 
known to affect epigeous invertebrate communities, 
which are useful bioindicators (Gerlach et al., 2013) 
and important food resources for many species of 
birds, including the red–legged partridge, a key prey 
for many predators and the most important game bird 
in Spain (Wilson et al., 1999). Previous studies on 
the effect of ungulates on invertebrates have been 
conducted in areas in which ungulates are invasive 
(Cuevas et al., 2010, 2012) and in temperate climates, 
focusing on deciduous forests (Côté et al., 2004; 
Mohr et al., 2005; Mizuki et al., 2010). However, few 
studies have reported the effect of native ungulates 
on invertebrate soil diversity in semiarid areas, such 
as Mediterranean habitats (Gebeyehu & Samways, 
2006). Red deer (Cervus elaphus) and wild boar 
(Sus scrofa) are the principal wild ungulate species in 
Southern European Mediterranean habitats, reaching 
very high abundances when intensive hunting man-
agement is performed (Vicente et al., 2007), ranging 
between 0.04 to 66.77 deer/km2 (mean = 19.51; 
n = 22 populations) (Acevedo et al., 2008). In fact, the 
red deer is considered by some authors to be among 
the most invasive species in the world (Lowe et al., 
2000) and its negative effect on some arthropod taxa 
such us Orthoptera or other phytophagous insect has 
been reported in subalpine grasslands (Goméz et al., 
2004; Spalinger et al., 2012).  

A high abundance of wild boar has also been 
reported to have a strong impact on edaphic fauna 
through disturbance (Herrero et al., 2006; Giménez–
Anaya et al., 2008), rooting, and the direct consump-
tion of meso– and macroinvertebrates (Cuevas et al., 
2010). However, despite the large increase in the 
densities of wild boar and deer, little is known about the 

ecological impact of their overabundance on Mediter-
ranean ecosystems (Barrios–García & Ballari, 2012; 
Carpio et al., 2014b) and particularly on the epigeous 
invertebrate assemblage, essential elements in the 
diet of many birds (Holland et al., 2006).

The aim of this study was to determine the impact 
of wild boar and red deer on diversity, richness and 
biomass of epigeous invertebrates in a semiarid 
Mediterranean environment from south central Spain, 
within the native distribution range of these two un-
gulate species.

Material and methods

Study area

Data were collected on 9 different hunting estates, 
which had an average area of 2,470 hectares (range 
1,480–3,600 ha), located in southern Spain. The al-
titude ranged from 400 to 800 m.a.s.l. The dominant 
vegetation included tree species such as holm oak 
(Quercus ilex) and cork oak (Quercus suber), pine 
plantations (Pinus pinea and Pinus pinaster), shrub 
species such as Cystus spp., Erica spp., Pistacia 
spp., Phyllirea spp. and Rosmarinus officinalis, and 
scattered pastures and small areas of crops (Vicente 
et al., 2007). These savannah–like landscape units are 
called 'dehesas'. The study sites are mainly devoted 
to recreational hunting for wild boar and red deer. 

Fig. 1. Map of Spain showing the location of the 
sampling sites (Córdoba province in light grey).

Fig. 1. Mapa de España que muestra la ubicación 
de los sitios de muestreo (provincia de Córdoba 
en gris claro). 
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Estimating red deer and wild boar abundance

Deer population size was estimated at hunting es-
tate level, the estates being considered as discrete 
management units. Two spotlight counting events 
between September and October 2011 were used 
to estimate the deer population size at each estate. 
Transects (mean length = 20.3 km ± 2.34 SE) were 
driven at 10–15 km/h (Carpio et al., 2014a). The 
distance from the observer to the centre of a deer 
group was measured, and compass bearings were 
taken to determine the angle between deer, or deer 
groups, and the transect line. The distance between 
the observer and the deer was measured with a 
Leica LRF 1200 Scan telemeter (Solms, Germany) 
(range 15–1,100 m; precision ± 1 m / ± 0.1%). The 
abundance of the deer populations was estimated by 
distance sampling (Buckland et al., 2004, Distance 
5.0 software). Half–normal, uniform and hazard rate 
models for the detection function were fitted against 
the data using cosine, hermite polynomial and sim-
ple polynomial adjustment terms, which were fitted 
sequentially. The selection of the best model and 
adjustment term were based on Akaike’s Information 
Criterion (AIC). The best relative fit of the model 
and adjustment term for distance–sampling was the 
hazard–rate cosine based on the lowest AIC score. 
However, this census method suffers significant 
variations depending on the type of game mode that 
is practiced (hunts or stalking).

Two 4 km transects per site were sampled for 
signs of wild boar activity following the guidelines 
of Acevedo et al. (2007). Each transect consisted of 
40  segments of 100 m in length and 1 m in width. 
Every 100 m segment was divided into 10 sectors of 
10 m in length. Sign frequency was defined as the 
average number of 10–m sectors containing drop-
pings per 100–m transect (Carpio et al., 2014b), and 
a single average value of wild boar abundance was 
calculated per estate.

Experimental plots

We used five ungulate proof fences in each one of 
the nine hunting states. These fenced plots (hereafter 
FP) were constructed three to five years prior to data 
collection and they were constructed from steel. Each 
FP was 0.5 ha, with a mesh size of 150 mm × 100 mm 
in order to prevent the ungulates access, although 
they were accessible to other animals (Carpio et al., 
2014b). Two pitfall traps were randomly placed in each 
FP, resulting in a total of 90 traps where ungulates 
were excluded. Another two pitfall traps were placed 
100m outside of each FP as controls (Open Plots, 
OP), resulting in 180 pitfall traps in total. 

We conducted two surveys of invertebrates. The 
pitfall traps consisted of plastic receptacles, with 
a capacity of 0.75 litres and an opening diameter 
of 12  cm, buried at ground level (Paschetta et al., 
2013). These were half filled with a solution of salts 
(to preserve the specimens caught) and soap (to 
break the water surface tension). The trapped in-
vertebrates were collected 14 days after the traps 

had been set (Allombert et al., 2005). The contents 
of the receptacles were passed through a sieve. 
The invertebrates were preserved in 100 ml plastic 
containers with 70% alcohol and later identified by 
stereomicroscope in the laboratory. Specimens were 
identified to order level (Barrientos & Abelló, 2004), 
as in some previous studies on the diet of farmland 
birds (Holland et al., 2006).

We studied the diversity and structure of inverte-
brate orders larger than 0.02 mm (mesofauna and 
macrofauna) present in our study area, excluding 
microfauna (less than 0.02 mm) (Swift et al., 1979). 
We therefore studied the most important groups in 
the diet of red–legged partridge chicks (Holland et 
al., 2006; Aebischer & Ewald, 2012). We excluded 
pitfall traps containing necrophagous insects (11% 
of placed traps) and also those  in which more than 
50% of individuals belonged to the order Hymenoptera 
(13% of placed traps) owing to the proximity of ant 
nests as these could exert a repellent effect on other 
arthropods (Blum, 1978).

For each sampling point, we calculated the inver-
tebrate dry weight (B), taxon richness (S) and the 
Shannon index (Shannon, 1948).

To obtain the dry weight, the contents of the pitfall 
traps were dehydrated in an oven at 80ºC for 24 h. 
A precision scale (0.001 g) was used. We calculated 
the values for each variable from the average of the 
two pitfall traps in each pair of sampling periods (OP 
and FP).

Vegetation structure

The vegetation structure was described by creating a 
buffer area of a 25 m radius around each pitfall trap 
and the percentage of grass, scrub and woodland 
cover was estimated by eye, following similar protocols 
for general habitat–species studies (Morrison et al., 
1992). All the estimates of vegetation structure were 
performed by the same observer (A.J.C). 

The amount of plant biomass was assessed from 
cuttings in an area of ​​25 cm² of herbaceous vege-
tation. Two sampling points were randomly selected 
in both the fenced and the open plots. The sampled 
vegetation was dried in a drying oven with hot air 
circulation at 60ºC until a constant weight was obtai-
ned. An electric balance (precision: 0.01 g) was used. 

Statistical analysis

The relationships between ungulate abundance (se-
parately for red deer and wild boar, respectively) on 
invertebrate richness, dry mass, the Shannon index 
and absolute frequency (number of invertebrates 
per sample) were tested using generalized linear 
mixed models (GLMMs). With regard to the absolute 
frequency models, the analyses were carried out 
separately for each of the four taxonomic groups into 
which the samples had been pooled. The taxonomic 
categories were 'Hymenoptera' (n = 1,120), 'Insecta' 
other than Hymenoptera (16  orders, n  =  1,743), 
class 'Arachnida' (including orders Araneida, Acari, 
Opiliones, Scorpionida, Pseudoescorpionida and 
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Solifugae; six orders, n = 906), and 'others' (in-
cluding the subphylum Myriapoda, order Isopoda, 
and classes Oligochaeta and Gastropoda; nine 
taxa, n = 787). 

Treatment (two levels: open vs. fenced plots) was 
included in the model as the factor, whereas red 
deer and wild boar abundances, in addition to the 
vegetal biomass (g) and percentage of grass, shrub 
and tree covers, were included as co–variables. We 
also included the interaction between the treatment 
and the abundances of ungulates and the interac-
tion between deer and wild boar density. The estate 
was included (nine levels) as a random factor. Since 
every plot was sampled twice, the sampling dates 
were included in the model as repeated measures.

A normal distribution function and an identity link 
were used for dry mass, and the Shannon index, and 
a Poisson function and log–link function were used for 

richness and absolute frequency models. Rather than 
using criteria based on parsimony to select the 'best 
model' (which favour precision vs. bias) we used the 
full models: (i) because our models had high degrees 
of freedom (nine explanatory variables) and there was 
no need to guard against over–fitting, (ii) to protect 
from the bias of regression coefficients, and (iii) to 
preserve the accuracy of confidence intervals while 
using other non–collinear factors for control purposes 
(multiplicity adjustment, while our understanding of 
the underlying biological processes led us to believe 
that the important variables to control for had been 
included). The assumptions of normality, homogeneity 
and independence in the residuals were assessed 
in models with normal distribution function (Zuur et 
al., 2009). Statistical analyses were performed us-
ing InfoStats and SAS 9.0 statistical software. The 
significant p–value was set at p = 0.05. 

Fig. 2. Percentage of trapped invertebrates belonging to each order as regards the total.

Fig. 2. Porcentaje de invertebrados atrapados pertenecientes a cada orden con respecto al total. 

Table 1. Mean and standard deviations for the variables quantifying invertebrate abundance: OP. Open 
plots; FP. Fenced plots.

Tabla 1. Media y desviaciones estándar de las variables que cuantifican la abundancia de invertebrados: 
OP. Parcelas abiertas; FP. Parcelas cerradas.

	                            March collection	       April collection	       March + April

	 OP	 FP	 OP	 FP	 OP	 FP

Shannon index	 1.56 ± 0.36	 1.75 ± 0.28	 1.57 ± 0.37	 1.65 ± 0.32	 1.56 ± 0.36	 1.66 ± 0.31

Taxon richness	 7.06 ± 2.31	 8.13 ± 1.89	 7.3 ± 2.24	 8.22 ± 2.41	 7.11 ± .45	 8.32 ± 2.15

Weight arthropods	 0.15 ± 0.18	 0.13 ± 0.11	 0.08 ± 0.08	 0.16 ± 0.18	 0.12 ± 0.15	 0.14 ± 0.15

Absolute frequency	 36.44 ± 5.1	 37.8 ± 3.07	 43 ± 4.91	 56.09 ± 5.67	 39.22 ± 3.5	 47.05 ± 3.4
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Results

The best relative fit of the model and adjustment term 
for distance–sampling was the hazard–rate cosine 
based on the lowest AIC score. The average red 
deer density, expressed as the number of deer per 
100 ha, ranged from 25 to 68 (average 39 ± 14 SD). 
The coefficients of variation of distance–sampling 
estimates ranged from 2.95% to 38.86%. The abun-
dance indices for wild boar ranged from 0.04 to 0.47 
(average 0.26 ± SD 0.15). 

We identified 5781 invertebrates, 3,201 of which 
were captured in FP and 2,580 in OP (table 1). They 
were spread over 33 taxa (17 insect orders, six Arach-
nida orders, six Myriapoda orders, one Crustacean 
order, one Gastropoda class, one Oligochaeta class 
and a group corresponding to indeterminate individu-
als; fig. 2).

The invertebrate dry mass was marginally significant 
and positively associated with the percentage of grass 
cover (table 2, F1,123 = 3.62, p = 0.059), whereas inverte-
brate richness differed statistically between treatments, 
with the values for the OP being lower than those for 
the FP (F1,123  = 7.8,  p < 0.05). The Shannon Index was 
statistically related to the interaction between treatment 
and wild boar abundance, meaning that the differences 
in arthropod diversity were only evidenced when high 
wild boar densities occurred (F1,123 = 4.31,  p < 0.05; 
table 2). This was mainly due to an increase in the 
diversity index in the FP with high densities of wild 
boar (fig. 3), with diversity remaining similar in the OP. 

Table 3 shows the models concerning the relation-
ships between invertebrate numbers on the surface 
(absolute abundance) and ungulate densities, both 

overall and separately for each taxonomic group: 
Insecta (no Hymenoptera), Hymenoptera, Arachnida 
and 'others'. The percentage of shrubs was statistically 
and negatively related to both Hymenoptera counts 
and the total amount of arthropods. Interestingly, the 
interaction between deer and wild boar abundances 
was statistically related to the total invertebrate counts 
(fig. 4A) and the number of invertebrates included in 
the 'others' group (fig. 4B). Independently of red deer 
abundance, when high wild boar densities occurred the 
number of invertebrates decreased, although at low 
wild boar abundance a positive association between 
red deer density and the number of invertebrates was 
recorded. Those invertebrates included in the 'others' 
group were more frequent in areas with high abundance 
of both red deer and wild boar. A positive relationship 
between red deer density and the absolute frequency 
of trapped invertebrates was also found (fig. 5A, 5B).

Discussion

Our main results were that (i) higher values of inver-
tebrates richness were found in ungulate exclusion 
areas, and (ii) the high densities of wild boar had a 
particularly negative effect on invertebrates diversity. 
These findings support the negative relationships 
between high wild boar abundance and invertebrates 
in Mediterranean ecosystems, which may be consid-
ered to be arthropod hotspots (Hernandez–Manrique 
et al., 2012). 

The higher abundance of invertebrates in the FP 
may be caused by a local attraction effect, since 
invertebrates might seek refuge in fenced patches 

Table 2. Full model on the effects of ungulates on invertebrate richness, dry mass and Shannon 
diversity index (* p < 0.05).

Tabla 2. Modelo completo sobre los efectos de los ungulados en la riqueza, el peso seco y el índice de 
diversidad de Shannon de los invertebrados (*  p < 0,05).

	                 Taxon richness	              Dry mass	                Shannon  index

	 F	 β	 F	 β	 F	 β

Treatment (T)	 7.8*	 1.21	 1.62	 0.42	 0.07	 1.01

Deer density (Dd)	 0.01	 2.18	 0.44	 –2.76	 0.03	 0.63

Wild boar abundance (Wba)	 0.01	 –3.36	 0.54	 –0.95	 0.03	 –0.82

Shrub	 0.1	 0.0017   	 0.05	 0.0006   	 1.10	 0.0009

Dd * Wba	 0.01	 0.59	 0.28	 3.67	 0.01	 0.36

T * Dd	 0.61	 –3.25      	 0.63	 1.76	 1.57	 –0.81

Plant biomass	 0.17	 –0.15	 0.01	 0.0052	 4.31	 0.03

Wooded	 1.1	 0.017	 0.05	 –0.0017	 3.1	 0.0045

Grass	 0.43	 –0.0004	 3.62	 1.9	 1.65	 –0.0001

T * Wba	 1.78	 4.92      	 1.33	 –2.23	 4.3*	 1.17
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Fig. 3. Shannon index as a function of wild boar abundance index per estate (mean ± SE). 

Fig. 3. Índice de Shannon en función del índice de abundancia de jabalíes por finca (media ± EE). 

Table 3. Full models on the effects of ungulates on the number of invertebrates (Insecta, Hymenoptera, 
Arachnida, others and total, respectively): ** p < 0.01; * p < 0.05.

Tabla 3. Modelos completos sobre los efectos de los ungulados en el número de invertebrados (Insecta, 
Hymenoptera, Arácnida, otros y total, respectivamente): ** p < 0,01; * p < 0,05.

	                                 Insecta       Hymenoptera	   Arachnida	 Others	          Total

	 F	 β	 F	 β 	 F	 β 	 F	 β	 F	 β

Intercept	 1.1	 0.44	 1.57*	 1.48	 0.14	 1.78	 1.17	 –10.2	 2.86**	 3.18

Treatment (T)	 0.43	 0.14	 0.22	 0.16	 0.22	 0.27	 0.025	 –1.26	 0.39	 0.21

Deer density (Dd)	 2.2	 2.10	 0.36	 –0.75	 0.004	 0.47	 5.99*	 80.53	 5.19*	 3.75

Wild boar abundance (Wba)	 0.26	 0.17	 0	 0.095	 0.009	 –0.45	 3.33	 50.54	 2.13	 1.65

Shrub	 0.5	 0.025	 7.31**	 –0.13	 0.02	 0.012	 2.12	 –1.96	 9.88**	–0.17

Dd * Wba	 0.96	 –2.82	 0.023	 0.49	 0.005	 0.39	 5.36*	 –177.4	 4.29*	 7.59

T * Dd	 2.31	 –0.63	 0.003	 –0.061	 0.14	 –0.67	 0.14	 –9.1	 0.42	 –0.79

Plant biomass	 0.58	 0.049	 0.07	 –0.026	 0.06	 –0.04	 1.17	 2.51	 0.37	 0.19

Wooded	 2.5	 –0.084	 0.43	 –0.049	 0.02	 0.017	 0.004	 0.12	 0.31	–0.086

Grass	 0.54	 0.001	 0.78	 –0.002	 0.16	 –0.001	 0.06	 –0.015	 0.43	–0.002

T * Wba	 2.32	 0.88	 0.07	 –0.22	 0.09	 0.022	 0.45	 13.98	 0.89	 0.94

in which they actively look for the conditions inside 
the plots where no wild board predation (Grayson & 
Hassall, 1985) or overgrazing occurs. Overgrazing is 
known to cause a decrease in the food that is avail-
able to the edaphic fauna (Dennis et al., 2001, 2008; 

Rosa–García et al., 2009, 2010) and suitable places 
for egg production, laying and incubation. Moreover, 
inside the fenced plots, the invertebrates would avoid 
disturbance from wild boar and red deer, which strongly 
affect soil compaction/structure through trampling and 
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rooting activities (Massei & Genov, 2004; Bueno, 2011). 
This could alter the establishment of a range of inver-
tebrate species with different ecological requirements 
(Thiele–Bruhn et al., 2012), thus reducing the diversity 
of invertebrates. Our study supports previous findings 
in other environments showing that the overabundance 
of wild boar damages the structure of fauna communi-
ties (Côté et al., 2004; Allombert et al., 2005; Mohr et 
al., 2005; Albon & Brewer, 2007; Cuevas et al., 2012; 
Wirthner et al., 2012). However, in our study, the 
principal predictor of the invertebrate dry mass was 
the percentage of pasture cover, probably because 
pasture cover benefits certain abundant species more 
than others, and the ungulate effect is not appreciated 
in terms of invertebrate biomass. 

Moreover, the differences on invertebrates di-
versity (Shannon Index) between fenced and open 
areas were  higher in hunting states with higher wild 
boar density. In other words, the values of Shannon 
Diversity Index were much higher in ungulate proof 
areas than in open areas characterized by high wild 
boar densities. This may be due to the less favour-
able habitat in the surroundings as a consequence 
of overgrazing and rooting activity, possibly attracting 
more invertebrates to undisturbed patches (Gardiner 
& Hassall, 2009). Indeed, the wild boar diet includes 
not only vegetation but also many meso– and macro– 
invertebrates (Cuevas et al., 2010). Therefore, high 
wild boar densities may cause an intense disturbance 
of edaphic fauna, and invertebrates from the area tend 
to aggregate more in FP than in areas with lower wild 
boar abundance. 

Interestingly, the interaction between deer and wild 
boar abundances was statistically related to the total 
counts of invertebrates and the number of invertebrates 
included in the 'others' group. Independently of red 
deer abundance, when wild boar densities were high, 
the number of invertebrates decreased, indicating that 
the wild boar, at high densities, have an overall nega-
tive impact on invertebrates. However, when wild boar 
abundance was low, a positive association between 
red deer density and the number of invertebrates was 
evident. We observed a positive relationship between 
red deer density and the absolute frequency of trapped 
invertebrates and the 'others' category, which must 
be explained in terms of the interaction between red 
deer and wild boar abundances (also significant, see 
discussion below). In contrast, as figure 5A shows, the 
high absolute frequency of invertebrates was recorded 
at intermediate values of red deer density, which is in 
agreement with previous studies that suggest a positive 
effect of moderate grazing pressure (Gómez et al., 2004).

Our results further suggest that Isopoda and Myriap-
oda groups, the most abundant taxa found in the 'other' 
group, could benefit from high red deer abundances 
(fig. 5B). These groups have phytophagous but also 
important saprophytic diets and may therefore benefit 
from the removal of bushes and the presence of the 
layer of grass, which provides an increased amount of 
organic plant matter, and therefore an increased source 
of food (Bugalho & Milne, 2003; Côté et al., 2004). 
Furthermore, ungulate faeces attract invertebrates 
that consume the dung and gain moisture from it or 
consume microbes within it (Stewart, 2001).

Fig. 4. Total number of invertebrates (A) and number of invertebrates included in 'others' group (B) as a 
function of interaction of wild boar and red deer abundance index groups (categorized according to the 
median ± 95% CI of the abundance indexes).

Fig. 4. Número total de invertebrados (A) y número de invertebrados incluidos en el grupo otros (B) en 
función de la interacción de los índices de abundancia de jabalíes y de ciervos rojos (agrupados según 
la mediana ± IC del 95% de los índices de abundancia). 
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Fig. 5. Total number of invertebrates (A) and number of invertebrates included in 'others' group (B) as a 
function of red deer density per estate (mean ± SE).

Fig. 5. Número total de invertebrados (A) y número de invertebrados incluidos en el grupo otros (B) en 
función de la densidad de ciervos rojos por finca (media ± EE).

With regard to the Arachnida and Insecta category, 
we found no differences in abundance either inside 
or outside the fenced plots, although grass favoured 
the presence of the Araneida order (Rosa–García 
et al., 2009). The composition of the habitat and the 
development of pastures as a result of moderate deer 
grazing may benefit the presence of animals included in 
the Arachnida category (Dennis et al., 2001; Paschetta 
et al., 2013). On the other hand, our results show that 
the percentage of shrub cover has negative effects on 
the abundance of Hymenoptera. A study carried out by 
Azcarate & Peco (2012) in a Mediterranean ecosystem 
led them to conclude that the generation of a more hete-
rogeneous environment at the smaller scales increased 
the species diversity of ants. However, the reasons for 
the negative influence of shrubs on Hymenoptera remain 
unclear and more research on the type of ecological 
relationships that exist between them are therefore 
necessary as few studies have focused on discovering 
these relationships in a Mediterranean environment.

General conclusions 

This research has evidenced the relationships between 
ungulate abundance (in high density areas) and edaphic 
invertebrate abundance and richness under Mediterra-
nean constraints. Overall, this study supports the notion 
that high density populations of wild boar may damage 
the structure of soil fauna communities as a result of 
a decrease in food availability owing to overgrazing, 
soil disturbance by rooting, and direct predation. The 
conservation applications of this study refer to wild 
boar population density control under Mediterranean 

conditions where big game hunting has become an 
important industry. In particular, high densities of wild 
boar have a strong impact on invertebrates when com-
pared to red deer, and a positive association was even 
noted in regard to the number of trapped invertebrates. 
Furthermore, since fenced plots evidenced a local scale 
effect, playing a role as refuges, the implementation of 
ungulate proof exclusion fences is desirable in order to 
maintain invertebrate communities, which would in turn 
enhance the food availability for many birds, including the 
red legged–partridge. However, more studies are needed 
to develop field protocols (e.g. the size and location of 
such fenced patches) and to assess population control 
effects on the invertebrate community.   
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