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Abstract
Long-term studies of community composition and relative abundance are key tools in wildlife management and biodiversity 
conservation. However, few studies of this kind are available for Mediterranean carnivores, especially in the Iberian Penin-
sula, a hotspot of mammal biodiversity in Europe. We used 15 years of carnivore monitoring data from the Doñana National 
Park, one of the most representative areas for carnivores in Iberia, to obtain population trends for the main Mediterranean 
carnivore species. They were positive for red fox, stable for badger and Egyptian mongoose, and negative for common genet 
and Iberian lynx. The importance of long-term datasets and the implications of the results for the studied species at global 
level are discussed, above all for species whose population trends are less well known. This is the case of the Egyptian 
mongoose, for which we present novel information on its long-term population trend in Europe, and of the Iberian lynx, an 
endangered species with a clear negative trend in this well-protected area.
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Introduction

Long-term studies of trends are an essential tool in conserva-
tion biology as they help to understand ecological processes 
such as predator–prey relationships (Karanth et al. 2004), 
detect threats to species and/or ecosystems (Morrison et al. 
2018), unravel disease dynamics (Barroso et al. 2020), and 
assess the impact of management actions on populations 
(Carro et al. 2019). Therefore, trustworthy long-term research 
into trends is crucial in ecology and conservation studies 
(Sinclair et al. 2007; Lindenmayer et al. 2012; Kuebbing 
et al. 2018; Reinke et al. 2019). However, several inherent 
difficulties exist—above all, their continuity over time—that 
makes it rare to find datasets covering more than a decade 
(Magurran et al. 2010; Schradin and Hayes 2017).

In the case of carnivores, long-term studies have con-
tributed notably, for example, to improving knowledge of 
social cooperation and behavior and their ecological func-
tions (Schradin and Hayes 2017). Moreover, studies of this 
type are particularly important for carnivores, given that 
their elusive habits make them harder to detectable. It is a 
challenge to derive results on species’ conservation status 
from isolated or short-term studies (Smith et al. 2017), so 
datasets covering a decade or more are essential for fill-
ing gaps in our knowledge of the way carnivore populations 
react to conservation management and changes in the envi-
ronment (Durant et al. 2007; Smith et al. 2017). Addition-
ally, the social perception of carnivores is often negative 
because of traditional human-carnivore conflicts (Treves and 
Karanth 2003), which means that reliable data on carnivore 
relative abundances over the years can help understand and 
resolve conflicts (Treves et al. 2004; Delibes-Mateos et al. 
2013). Therefore, it is important to establish and maintain 
well-planned long-term monitoring programs that will 
potentially answer key questions regarding the biology and 
conservation of mammalian carnivores.

Time-extensive relative abundance estimates of target 
species are needed to establish population trends. Noninva-
sive survey methods, including track counts (Smallwood and 
Fitzhugh 1995; Blaum et al. 2008; Winterbach et al. 2016), 
remote camera trapping (e.g., Fabiano et al. 2020), genetic 

 *	 Jorge Sereno‑Cadierno 
	 jserenocadierno@gmail.com

 *	 Francisco Carro 
	 pcarro@ebd.csic.es

1	 Instituto de Investigación en Recursos Cinegéticos 
(IREC-UCLM-CSIC-JCCM), Ronda de Toledo, 
12 13071 Ciudad Real, Spain

2	 Estación Biológica de Doñana (EBD-CSIC). Avda. Américo 
Vespucio, 45 41092 Seville, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s10344-023-01683-1&domain=pdf
http://orcid.org/0000-0001-5825-2268
http://orcid.org/0000-0002-9165-7766
http://orcid.org/0000-0003-1634-9074


	 European Journal of Wildlife Research (2023) 69:55

1 3

55  Page 2 of 11

sampling (e.g., Stansbury et al. 2014), and distance sampling 
(e.g., Durant et al. 2011), are the most frequently used methods 
when working with carnivores (Long et al. 2012). Compari-
sons have shown the high reliability of track counts whenever 
feasible (Balme et al. 2009), that is, where sandy or snowy 
substrates provide reliable estimates of carnivore abundance 
that can be used for monitoring population trends (Funston 
et al. 2010; O’Donoghe et al. 2022).

Few studies in Europe have ever estimated the population 
trends of carnivore communities or particular species as part 
of long-term research (e.g., Cazacu et al. 2014; Mueller et al. 
2020; Cimatti et al. 2021). Such studies usually only focus on 
top predators, and long-term studies on Mediterranean carnivore 
communities, for example, are noticeably wanting. In the Iberian 
Peninsula, the situation is similar, and there are very few publi-
cations on trends in carnivore populations (Sobrino et al. 2009; 
Garrote et al. 2011; Torres and Fonseca 2016). The information 
that, as mentioned above, is so crucial for undertaking manage-
ment actions and conservation policies and for understanding 
environmental and population changes is clearly lacking.

In Mediterranean Iberia, carnivore communities are repre-
sented above all by generalist mesocarnivores (Monterroso et al. 
2015; Jiménez et al. 2017), given that local extinctions of top 
predators have occurred throughout much of this region, giving 
rise to increases in mesopredator populations in a process known 
as “mesopredator release” (Prugh et al. 2009; Jiménez et al. 2019). 
This is important because the popular idea that there has been 
a great increase in mesopredator abundance in recent years—
despite the abovementioned lack of reliable information about 
mesocarnivores densities and trends—can lead to poorly effective 
management actions (Virgós and Travaini 2005; Curveira-Santos 
et al. 2019). Therefore, the study of relatively well-preserved car-
nivore communities can provide a crucial assessment for manage-
ment actions aimed at improving conservation plans.

Therefore, the main purpose of this study was to provide 
reliable trends for Mediterranean carnivore communities using 
a low-cost and efficient method that has been demonstrated to 
be effective wherever it is feasible. We tested this methodol-
ogy for five carnivore species: Iberian lynx (Lynx pardinus), 
Egyptian mongoose (Herpestes ichneumon), red fox (Vulpes 
vulpes), common genet (Genetta genetta), and European 
badger (Meles meles), and discuss possible causes and conse-
quences of the observed trends, which, in the case of Herpestes 
ichneumon, are the first trends based on a long-term dataset 
ever obtained for this European carnivore.

Materials and methods

Study area

The study was carried out in Doñana National Park (DNP), 
SW Iberian Peninsula (37.100N, 6.230W; 54.252  ha), 

which enjoys a sub-humid Mediterranean climate in type 
with Atlantic influence. The area is characterized by marked 
annual variability in rainfall (García Barrón et al. 2011) (a 
yearly average of 580 mm) and hot and dry summers. As 
a result, the water balance is generally deficient except for 
3–4 months of the year (Custodio et al. 2010). The main 
biotopes found in the national park are marshland, scrub-
land, and dunes (Valverde 1967; Rogers 1974), although the 
present study was undertaken mainly in scrubland and sand 
dune habitats, where carnivores are most abundant and can 
be detected all year by track counts.

DNP is exceptional in having no predator control plans 
except for some low-intensity actions carried out in certain 
areas. For example, as part of the Iberian Lynx Management 
Plan, foxes are captured to reduce their predation on rabbits 
and so lessen competition with the Iberian lynx. Captures 
are carried out by personnel from the DNP using a number 
of different methods. According to Palomares et al. (2011), 
fox control has had no effect on the abundance of this spe-
cies, and these campaigns seem to have little or no impact on 
the DNP red fox population (Palomares et al. 2011). More 
importantly, small-game hunting is absent from the DNP, 
unlike 75% of Spanish territory (Arroyo et al. 2012). Few 
sites in the Iberian Peninsula—and even in Europe—have 
monitoring programs like those existing in DNP. The com-
munity structure of the main terrestrial carnivores in DNP 
has been studied in detail (Valverde 1967; Palomares et al. 
2011; Soto-Navarro 2013), as have the population trends for 
carnivores like Iberian lynx (Garrote et al. 2011) and some 
of their prey species (Carro and Soriguer 2017; Carro et al. 
2019). Likewise, mammal censuses are carried out annually 
by Doñana Biological Station Ecological Processes Monitor-
ing Team (ESPN-ICTS-RBD-CSIC).

Dominance relationships between carnivore species 
have been studied in detail and show how intraguild pre-
dation by Lynx pardinus acts as an important driver of the 
distribution of some of the carnivore species, such as G. 
genetta and H. ichneumon, that populate this area.

Studied species

The studied species are almost all of the common carni-
vore species present in the area and include a top predator, 
Lynx pardinus (Temminck 1827), and four mesopredators, 
Vulpes vulpes (Linnaeus 1758), Meles meles (Linnaeus 
1758), Herpestes ichneumon (Linnaeus 1758), and Genetta 
genetta (Linnaeus 1758). The remaining carnivore species 
in DNP, Lutra lutra (Linnaeus 1758), Mustela putorius (Lin-
naeus 1758), and Mustela nivalis (Linnaeus 1761), were 
not included because not enough data were available and/or 
the data-recording methods were not sufficiently reliable. 
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Felis sylvestris (Schreber 1777) is also present but was not 
included due to the difficulties in distinguishing wildcat and 
feral cat tracks (Lozano and Urra 2014).

Carnivore track surveys

Track count censuses have been carried out discontinuously 
and annually in DNP since 1983. We selected the censuses 
from 2005 to 2019 because during this period, the monitor-
ing program was consolidated and the current methodol-
ogy began to be used. The censuses, carried out along the 
same 12 prefixed transects in DNP by ESPN-EBD-CSIC 
staff every year (Fig. 1), follow 2-km-long and 1.5-m-wide 
transects. Counts are performed from a 4 × 4-vehicle trave-
ling at a constant speed (5–10 km/h) after the first autumn 
rains on three consecutive days to reduce the possible effect 
of non-biologic factors such as temperature or rain (Soto-
Navarro 2013). Unfortunately, in recent years and due to 
climate change, the autumn rains may be delayed, and 
counts are made in the autumn–winter period. Transects are 
spaced over 1800 m apart to ensure that the whole area is 

well covered and to avoid detecting the same animals in dif-
ferent transects on the same night (Palomares et al. 2011). 
DNP is crossed by a large number of roads and firebreaks. 
Transects were chosen to cover the whole central sandy part 
of the DNP and not enter into the marshland, where animal 
tracks are not preserved. Habitats consist of scrub, grassland, 
and forest, all on a sandy substrate. The census taker records 
all carnivore tracks that cross the trail being followed and 
then disappear. Tracks that clearly belong to the same ani-
mal (i.e., tracks that follow the transect and then disappear) 
are counted only once. Tracks that run alongside the route 
until they disappear are recorded as belonging to a single 
individual. Tracks are cleared with a metal implement from 
the transect the day before the census, so that the tracks 
counted on the following day correspond to just one day 
of carnivore activity. Transects cover almost half the DNP, 
the rest of this protected area being covered by marshland 
that lies underwater during this part of the year and so is not 
suitable for all carnivore species.

Track identification was performed during transect counts 
by an expert, and data was recorded using Cybertracker 

Fig. 1   Map of Doñana National Park (DNP), showing park borders as well as the track count transects. The eastern part (not covered by the tran-
sects) is occupied by floodable marshland
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(http://​www.​cyber​track​er.​org/), an open-source software. For 
each track (a group of carnivore foot trails), the following 
information was recorded: waypoints (automatically gener-
ated GPS position), date, start, end, species identification, 
surveyors, driver, transect identity, and observations. All this 
information was automatically downloaded and transferred 
to a Microsoft Excel 2010 spreadsheet for further analysis.

KAIs (kilometric abundance indexes) were calculated for 
each species, transect, and year by estimating average track 
counts between same-year censuses and dividing by transect 
length (2 km). This index thus gives the relative abundance 
at a certain locality and time compared to the average for the 
study area (Crawford 1991; Conroy 1996; Engeman 2005).

Carnivore trends

TRIM software (trends and indices for monitoring data) 
(Pannekoek and van Strien 2005) was used to test long-term 
trends in the DNP carnivore community.

These models assume independent Poisson distributions 
for counts. Poisson distributions were checked for all sam-
ples. We used time-effects models and considered serial cor-
relation and overdispersion. Goodness-of-fit was established 
by considering chi-square > 0.05 for imputed counts when 
overdispersion and serial correlation were, respectively, < 3 
and < 0.4 following TRIM recommendations.

The overall slope for long-term trends was determined 
using multiplicative parameters. TRIM software classifies 
trends as one of six categories depending on whether the rate 
of change over the study period was more or less than 5% per 
year: a strong increase or decrease (> 5% per year); a moderate 
increase or decrease (< 5% per year); a stable trend (no signifi-
cant increase or decline, and it is certain that trends are less 
than 5% per year); or, finally, an uncertain trend with large 
coefficients of interval (Pannekoek and van Strien 2005).

Results

KAIs were used to obtain carnivore population trends, which 
reveal great interspecific variation.

V. vulpes showed no fit for the time-effects model 
(χ2 = 296.10; p < 0.01), but the Wald-test (p = 0), overdis-
persion (2.014), and serial correlation (−0.086) parameters 
were adequate and gave a moderate positive trend (overall 
slope mode multiplicative (OSMM) = 1.042; sd = 0.009; 
p < 0.01) with an annual population increase of 4.2%. Sev-
eral periods of population increase or decrease were detected 
by the data: there was population growth in 2005–2008 and 
again in 2010–2013, while 2008–2010 and 2014–2017 were 
periods of population decrease. The highest index of fox 
abundance corresponds to the 2018 count and the lowest 
to 2010, 2 years that were turning points in fox population 
trends (Table 1, Fig. 2).

The model for H. ichneumon showed good fit (χ2 = 112.19; 
p = 0.98), overdispersion (0.763), and serial correlation 
(−0.043), which implies a stable trend (OSMM = 1.014, 
sd = 0.017; p < 0.01) with a theoretical annual population 
increase of 1.4%. Noticeable peaks were registered in 2007, 
2010, 2012 (maximum index of relative abundance), and 
2017, with a constant population increase in 2014–2017. 
The minimum value for the relative abundance index was 
registered in 2014 (Table 1, Fig. 2).

The model for M. meles also had a good fit (χ2 = 124.02; 
p = 0.916; overdispersion = 0.844; serial correlation = 0.065) 
and, as in the case of the mongoose, gave a stable trend 
(OSMM = 1.014; sd = 0.016; p < 0.01), with a theoretical 
annual population increase of 1.4%. The maximum and 
minimum abundance indices correspond to the 2018 and 
2013 counts, respectively; a period of constant population 
increase was registered in 2007–2012 (Table 1, Fig. 2).

G. genetta abundances did not show any clear trend and 
were established as Uncertain (OSMM = 0.957; sd = 0.024; 
p = 0.15) with good statistical support (χ2 = 71.70; p = 1; 
overdispersion = 0.539; serial correlation = 0.082). The-
oretical population decrease would be 5.3% annually, 
attending to OSMM value. The highest index of relative 
abundance was detected in 2007, while the lowest value 
corresponds to 2017. The genet’s population dynamics 
were characterized by periods of greater relative abun-
dance alternating with low population events in 2009, 
2012, 2015, and 2017 (Table 1, Fig. 2).

Table 1   TRIM results for each carnivore species including chi-square 
value (χ2), degrees of freedom (DF), p-value for chi-square (p), AIC 
value for each model (AIC), Wald-test value for each model (Wald 

test), p-value for Wald test (P), and overall slope multiplicative model 
value, which indicate the trend sign (OSMM) and standard deviation 
(sd). The trend column indicates the trend classification

Species χ2 DF p AIC Wald test P OSMM sd Trend

Vulpes vulpes 296.1 147 0 2.16 53.86 0 1.042 0.009 Moderate increase (p < 0.01)
Herpestes ichneumon 112.19 147 0.985 −183.45 36.67 0.001 1.014 0.017 Stable
Meles meles 124.02 147 0.916 −171.88 36.5 0.001 1.014 0.016 Stable
Genetta genetta 71.7 133 1 −207.69 18.07 0.155 0.957 0.024 Uncertain
Lynx pardinus 84.88 119 0.992 −194.41 24.85 0.024 0.879 0.048 Moderate decline (p < 0.05)

http://www.cybertracker.org/
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Finally, the model for L. pardinus also had a good 
fit (χ2 = 84.88; p = 0.992; overdispersion = 0.713; serial 
correlation = −0.032) that shows a moderate decline 
(OSMM = 0.879; sd = 0.048; p < 0.05) with an annual 
decrease of 12.1%. The highest abundance index was reached 
in 2010, which was followed by a continuous decline from 
2013 onwards that reached its minimum historical value in 
2019 (Table 1, Fig. 2).

Discussion

We cannot share a common conclusion for all the studied 
species, so we will discuss every species separately to bet-
ter understand each case.

The red fox (Vulpes vulpes) is the most widespread and 
generalist carnivore species in both the world (Macdonald 
and Reynolds 2004) and the Iberian Peninsula (Purroy and 

Fig. 2   Population trend graphics from the Doñana National Park (DNP) of the studied carnivore species. Trends are based on the time-effects 
model in TRIM software based on the KAI values for each species, each year, and each transect
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Varela 2003). It thus has an advantage over other carni-
vore species with narrower niches that are more suscep-
tible to disturbance (Barrul et al. 2014; Curveira-Santos  
et al. 2019). The densities found in DNP are similar to other  
reported for Iberian ecosystems (1.4–1.7 indiv./km2) 
(Gortázar 1999; Barrul and Mate 2015). In this sense, it 
is not surprising that the red fox is the only species with 
a positive population trend in DNP over the past 15 years. 
This contradicts previous long-term studies of carnivore 
communities in Iberia that report stable trends for red fox 
populations (Sobrino et al. 2009), but agrees with the popu-
lar idea that red fox numbers are increasing in the region. 
However, it should be noted that there are no other recent 
studies of fox population trends in the Iberian Peninsula, 
although research in northern Europe has highlighted a 
positive trend in red fox populations using the same cen-
sus method (Jahren et al. 2020). In terms of population 
dynamics over the years, periods of abundance alternate 
with marked negative events—for example, low population 
density events occurred in 2010–2011, and more impor-
tantly, in 2013—that could be related to rabbit population 
dynamics (see Carro et al. 2019). These two events seem 
to coincide with the above-mentioned declines in the fox 
population and probably reflect foxes’ preference for rab-
bits when this prey is abundant and available (Delibes-
Mateos et al. 2008). However, foxes have very diverse and 
opportunistic diets that include insects, vegetables, mam-
mals, birds, and carcasses (Diaz-Ruiz et al. 2013).

Fox culling has been reported to be an ineffective man-
agement tool for controlling fox populations not only in 
the DNP (see above) but also in other areas (Curveira-
Santos et al. 2019; Kämmerle et al. 2019) and may even 
suppose a serious threat for nontarget species when spe-
cific and illegal methods are used (Duarte et al. 2012). 
Although population dynamics show variations in relative 
abundance between years, the global trend in the DNP 
fox population is positive, suggesting that isolated culling 
campaigns are not successful.

From a more local perspective, red fox population 
increases have been reported before from DNP and have 
even been suggested to be responsible for the decrease in 
the Iberian lynx population (Rau et al. 1985). Neverthe-
less, the most likely explanation is that, although red foxes 
are widely distributed throughout DNP and are the most 
abundant carnivore in the area (e.g. Soto-Navarro 2013), 
they are less common in Coto del Rey, the only zone where 
lynxes are present continuously in the National Park and a 
high-density rabbit population exists. Moreover, the intol-
erance of the presence of the Iberian lynx has been estab-
lished as one of the main reasons why mesocarnivores 
avoid areas occupied by lynx, which leads to spatial seg-
regation (Palomares et al. 1996; Palomares and Caro 1999; 
Alonso and de Ayala 2019). The red fox exhibits fine-scale 

habitat and temporal avoidance of lynxes, which allows 
them to co-exist to some extent (Soto-Navarro 2013; Soto 
and Palomares 2015), even though lynx predate on foxes 
as well as on other mesocarnivore species (Palomares and 
Caro 1999).

Both badgers and Egyptian mongooses show stable 
trends in the study area. The Egyptian mongoose is a native  
mesocarnivore species in Iberia that, despite its expanding 
population, is understudied in certain aspects of its biology, 
including population trends (Palomares 2017, 2020). Although  
its diet, expansion factors, and effects on prey populations 
have been the focus of recent research (Descalzo 2022), 
our data enable us to undertake the first population trend 
analysis of an Egyptian mongoose population in Europe. 
This is especially important in the context of the negative 
social perception towards this expansive species, wrongly 
considered exotic and invasive by some people (Descalzo 
2022). In our study area, although no significant popula-
tion increases or decreases have occurred over the past 
15 years, high-abundance peaks have been detected periodi-
cally, especially in 2010, 2012, and 2017, which alternate 
with years and periods of low abundance (2009, 2011, and 
2013–2014). This dynamic could be explained by variations 
in resource availability, which may determine population 
growth or detection. It is worth noting that in 2012 rabbit 
density experimented with a conspicuous peak followed by  
a rapid decline due to the arrival of a new RHD variant. 
According to our data, the DNP mongoose population also 
declined markedly after 2012, and these two events could be 
related, although no significant relationship between these  
two species was tested for in this study.

More significantly, the fact that the Egyptian mongoose 
DNP population trend is stable—the only long-term trend  
currently available—is especially relevant given the current 
popular belief that this species has increased its numbers in 
some parts of its Iberian territories after having expanded its 
distribution range (Descalzo 2022). This idea also derives 
from the report of conflicts with human activities that have 
led certain collectives (Recio and Virgós 2010) to occasion-
ally request mongoose population control. The legal situation 
of H. ichneumon in Spain is different from that of Portugal, 
where this species can legally be controlled. However, the 
control of mongoose populations only seems to benefit more 
generalist species like the red fox (Curveira-Santos et al. 2019) 
and only serves to aggravate the overall situation. Moreover, 
in DNP, in the absence of any mesopredator control activities 
targeting Herpestes ichneumon, this species has maintained a 
stable population trend over the past 15 years. Nevertheless, 
it is true that H. ichneumon has expanded into new territo-
ries in recent decades in Iberia (Balmori and Carbonell 2012;  
Barros et al. 2016; Palomares and Román 2020; Descalzo 
et  al. 2021; Descalzo 2022), which has led to problems  
with certain collectives. The origin of this problem could  
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be related to the fact that most carnivore communities in 
Mediterranean Iberia are highly modified and mesopreda-
tor populations have increased in light of the absence of the 
main top predators, the European wolf (Canis lupus) and 
Iberian lynx (Lynx pardinus) (Monterroso et al. 2015, 2016; 
Jimenez et al. 2019). In conclusion, given the lack of other 
information, our data provide a reference for how Egyptian  
mongoose populations may change over time.

The case of the badgers was expectable for a Mediterra-
nean habitat like DNP. Badgers are expected to live in sta-
ble but low abundances given that limitations on resources 
prevent them from establishing large social groups and 
increasing in number, as other populations do in areas where 
resources are more abundant (Rodríguez et al. 1996; Revilla 
1998; Revilla and Palomares 2002). Therefore, a stable trend 
classification is coherent with this assumption. However, 
due to its traditional dependence on rabbits in DNP (Mar-
tín et al. 1995; Revilla and Palomares 2002), a decline in 
the badger population would have been expected. However, 
badgers display great diet plasticity (Roper 2010), and based 
on the changes noted in badgers’ diets after the RHD out-
break (Fedriani et al. 1998; Zapata et al. 2007), it seems 
that badgers are now exploiting different trophic resources. 
These resources also seem to be more abundant in Coto del 
Rey than in the rest of the DNP, which may possibly explain 
why badgers are more frequently detected in Coto del Rey. 
Moreover, badgers are not affected by Iberian lynx intra-
gremial predation behavior (Palomares and Caro 1999) and 
can occupy without problems areas where lynxes are present 
(Fedriani et al. 1999; Donadio and Buskirk 2006).

Genets and Iberian lynxes are the only species showing 
uncertainly decreasing or clearly decreasing trends. Our data 
(see also Sobrino et al. 2009) indicate that in DNP com-
mon genet population dynamics are cyclical, with periods 
of slightly greater abundance alternating with population 
decrease events. In the DNP, genets have been reported to 
range between 0.03 indiv/km2 in areas where lynxes are 
present to 0.33–0.67 indiv/km2 outside lynx presence area, 
being similar to other areas in Iberia (see Camps 2015). We 
have classified the trend in the genet population as “uncer-
tain,” as these annual variations in counts do not reveal any 
precise trend, although a slight decrease can be discerned 
from the graph in Fig. 2 and, based on the OSMM value, 
a slight annual decrease of 5.3% seems to have occurred. 
Both this suspected population decrease and the count vari-
ability over the years could reflect small mammal population 
dynamics and changes in community composition (Santoro 
et al. 2017), although further investigation is still needed to 
prove this hypothesis.

As well, common genets and other mesocarnivores shun 
certain areas to avoid being preyed upon by Iberian lynx. 
This confines them to more peripheral areas (Monterroso 
et al. 2020), as has been previously documented (Palomares 

et al. 1996; Jiménez et al. 2019), and could be the main 
reason for this suspected decline.

The Iberian lynx (Lynx pardinus) is still one of the most 
endangered vertebrates in the world. However, its numbers 
have recovered dramatically since conservation actions 
have been undertaken, and today its remaining populations 
are increasing, and it is now occupying new areas such as 
Montes de Toledo or Matachel Valley due to reintroductions 
and an ex situ breeding program (life + Iberlince). Therefore, 
it is somewhat surprising that the DNP lynx population trend 
has undergone a moderate decrease over the past 15 years, 
which contrasts with the situation outside the National Park 
where the lynx population has increased during the past dec-
ade (Simón et al. 2009; Simón 2018; Doñana Memoria de 
actividades y resultados 2018). Thus, the conclusions from 
our data cannot be extrapolated for the Iberian lynx to other 
areas due to certain problems present in DNP that do not 
exist elsewhere.

As previously mentioned and reported in all papers on 
the subject, all current L. pardinus territories in DNP are 
located in the Coto del Rey area, in the northern sector of 
the park, where almost 70% of all lynx tracks were detected. 
This could be related to the dependence of this feline on rab-
bits (Ferrer and Negro 2004), which they need to be able to 
establish their territories (Delibes 1980; Rodríguez 2017). 
In this way, the decline of rabbits over the past century 
(Moreno et al. 2008), together with their even more recent 
decline inside DNP due to the arrival of a new variant of 
hemorrhagic viral disease (Delibes et al. 2014), could be 
directly related to the decrease in lynx relative abundance 
(Delibes-Mateos et al. 2014; Monterroso et al. 2016). None-
theless, a recent study suggests that lynx can successfully 
occupy areas with medium- or low-density rabbit popula-
tions thanks to their efficiency in capturing prey and even 
goes as far as to report a lack of association between lynx 
and high-density rabbit areas (Monterroso et al. 2020). Thus, 
other factors could be playing an important role in the popu-
lation dynamics of this threatened feline.

The other confirmed cause of the Iberian lynx decline in 
DNP was the Feline Leukemia Virus outbreak that occurred 
during the 2007 breeding season and affected the Coto del 
Rey subpopulation (López et al. 2009), which seems to be 
reflected in our data (i.e., the low number of tracks detected 
that year). Moreover, disease has been demonstrated to be 
one of the main threats affecting the Iberian lynx (Millán 
et al. 2009). Feral cats are frequently detected in some track 
transects, especially those located near urban areas such as 
Matalascañas and El Rocío, which underlines the fact that 
the situation could worsen if similar incidents occur in the 
future. As previously mentioned, it is difficult to establish a 
clear difference between feral and wildcat tracks. However, 
previous studies related to feline leukemia carried out in the 
study area (Meli et al. 2010), as well as naturalist studies 
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from the 1990s (Palomares and Delibes 1993), show that 
feral cats are often found in and around DNP. Although it 
cannot be established as a firm conclusion, it is clear from 
our data that the trend in the Iberian lynx population in DNP 
is negative and that feline leukemia has caused mortality 
events in the past.

Conclusion

The long-term population trends of the main species of car-
nivores in DNP have varied over the past 15 years and sug-
gest that more generalist predators have tended to increase 
their population (red fox); however, if the species is more 
specialist, the trend is more negative. Thus, badgers and 
Egyptian mongooses show stable population trends. This 
is especially important for Egyptian mongoose, given the 
absence of similar data from any other region in Iberia and 
Europe. Finally, the population trend for the common genet, 
the most specialist of the generalist mesocarnivores present, 
is unclear, and a moderate decline seems to have occurred, 
while the Iberian lynx has undergone a marked decrease. 
Thus, over the past 15  years, the particular population 
dynamics of these mesocarnivore species have generated a 
variety of different population trends.
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