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ABSTRACT

Leporids play a dynamic role in the ecosystem and assessments must be undertaken in
order to improve research efforts and methods. Landscape ecology metrics are used to
quantify components of leporid habitat such as vegetation structure, vegetation cover,
habitat type, and fragmentation; however, the degree to which the metrics are utilized in
leporid research is relatively unknown. This paper assessed fifty-three published, peer
reviewed papers on leporids from various European countries on where the study was done,
the species of leporid that was studied, the content of the study (i.e. what the paper focused
on), the length of the study, the size of the study area, and the method of study. The
quantified landscape metrics within these papers were assessed. This study found that most
of the studies occurred in Spain, the European rabbit and European hare were the most
studied leporids, many papers were concerned with habitat relationships, many of the
studies were conducted in a year or less, many papers utilized pellet surveys and trapping,
and the most common landscape metric utilized was habitat type. This survey of research
on leporids highlights that there is a lack of utilizing landscape structure and function
metrics such as slope, fragmentation, and edge effect. These are important variables to help
connect structure and function of ecological processes in the context of leporid habitat and
landscapes. It is recommended that leporid researchers and landscape planners exchange
research findings so that the best planning practices can occur on the ground for the
leporids.

Keywords: Assessment; Landscape Ecology; Leporids; Ecological Processes.

INTRODUCTION

Population abundance estimates, habitat requirements, species dispersion, and species
interactions are commonly studied subjects in wildlife. Retrospectively assessing these
wildlife studies can serve to improve field work and research methods. Leporids (rabbits
and hares) are prey species, herbivores, and seed dispersers (Zedler and Black 1992;
Dellafiore et al. 2010). Since leporids play a paramount role in the ecosystem, it is
important to continually improve leporid study research efforts. A number of studies have
been conducted to compare methods for European rabbit (Oryctolagus cuniculus)
population size/abundance (e.g. Palomares 2001; Ballinger and Morgan 2006;
Marchandeau et al 2006; Barrio et al. 2010), and population growth rates (Caley and
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Morley 2002) to improve leporid population abundance methods. Further, Eberhardt et al.
(1963) researched an amalgam of problems in a rabbit population study (i.e. trapping,
mortality, frequency of capture, age ratios) with Eastern cottontails (Sylvilagus floridanus).
However, little work has been done to assess gaps and to determine what content has been
emphasized in leporid research in a region with multiple leporid species.

Spain, Italy, France, Germany, Switzerland, Sweden, Portugal, and England contain
a variety of leporid species such as the Mountain hare (Lepus timidus), Italian or Corsican
hare (Lepus corsicanus), European rabbit (Oryctolagus cuniculus), European or Brown hare
(Lepus europaeus), Broom hare (Lepus castroviejoi), and Iberian hare (Lepus granatensis).
These leporids inhabit a variety of climates, altitudes, and biomes. These countries also
have a variety of ecosystem types with mountains, wetlands, grasslands, and forests.

Quantifiable landscape ecology metrics such as vegetation structure, edge effects,
fragmentation, topography, and land use inform management implications. These metrics
inform management implications with regards to patch size and shape requirements,
distance from urban structures, or other measures for ecological processes. Noss (1990)
separates structure and function metrics such that heterogeneity, connectivity,
fragmentation, slope/aspect, and patchiness are components of landscape structure and land
use trends, colonization rates, nutrient cycling rates, and disturbance are components of
landscape function. These landscape ecology metrics (i.e. vegetation type, topography, edge
effects) have been used in leporid studies (e.g. Barrio et al. 2009; Ferreira & Alves 2009;
Petrovan et al. 2011); however, it is uncertain which landscape metrics are utilized the most
and the least in leporid studies in a European context. This paper will provide an indication
of which landscape metrics are used more and less often in leporid studies within European
landscapes, as some metrics may need more or less focus in leporid studies.

The aim of this paper is to assess peer-reviewed studies on leporids conducted in various
European countries. The review includes the following components: content of the study,
length of study, method of study, size of study area, and the species investigated. | used
these data to assess the quantified landscape metrics within each paper. This procedure
highlights gaps and determines where the emphasis on research has been placed. This work
picks up after Eberhardt et al. (1963) who focused on generalized tribulations that they
discovered with population studies of the Eastern cottontail; however, this paper will pick
up on generalized issues with multiple leporid species in a region with an emphasis on
landscape ecology metrics.

METHODS

Literature scope and focus

The review focused on peer reviewed journal articles with rabbits and hares within
a Spanish, Italian, French, Swiss, Swedish, German, Portuguese, or English landscape.
Papers with regard to meat quality, leporid diet selection, disease, genetics, reproduction of
rabbits or hares, leporids in laboratory settings, studies with multiple countries, or studies
with multiple species other than rabbits and hares were not considered.

Specific words were typed into 1SI Web of Knowledge topic: “rabbit OR hare” title, topic
“Spain” OR “Italy” OR “England” OR “Switzerland” OR “Germany” OR “France”, OR
“Sweden” OR “Portugal” topic: landscape. Other on-line academic databases were also
searched with those words. Only publication years from 2000-2012 were considered.

Microsoft Excel 2007 was used to create the figures.
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RESULTS

A total of 64 peer-reviewed papers matched the literature scope category. Eleven papers
were eliminated because they did not meet the scope of the review for this paper. The 53
papers utilized in the assessment are listed in the references. Most of the papers included
research that was conducted in Spain, followed by Italy (Fig. 1).

Fig. 1: The number of leporid papers that matched the literature scope category with
respect to the countries where research was undertaken
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Next, most of the literature focused on the European rabbit and the European hare (Fig.
2). Some papers focused on more than one species.

Fig. 2: The various leporid species researched within the papers
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In terms of longevity and size of the studies, 51% of the studies were conducted in 1 year
or less and 34% of the studies were carried out on less than 1,000 hectares.

A few of the papers (43%) used more than one method to study leporids; however, fecal
pellet counts, trapping, spotlight surveys, and radio collaring were the most undertaken
methods of study (Fig. 3).
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Fig. 3: The method of study utilized in leporid papers
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A myriad of quantitative landscape variables were identified within the assessment (Fig.
4). Many of the studies used more than one variable to study leporids (91%). Habitat type
comprised the majority of the variables measured in the study (Fig. 4). In this analysis, it is
important to distinguish the difference between vegetation cover and vegetation type, as
vegetation cover was considered as protection for the leporid and vegetation type was
considered as habitat identification and use.

Fig. 4: Quantitative landscape variables utilized in leporid papers
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Papers focused on methods for assessing population abundance, distribution and spatial
patterns for leporids, habitat relationships, dispersal of leporids, habitat variables,
abundance estimates, seed dispersal capabilities from leporids, and leporid home range.
A few papers focused on more than one topic; however, the majority of the papers focused
on habitat relationships of the leporids (Fig. 5).
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Fig. 5: The topic that the papers focused on with regard to leporid studies
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DISCUSSION

This study suggested that most of the papers focused on the European rabbit and
European hare while fewer studies focused on the Iberian hare, Mountain hare, Italian hare,
Eastern cottontail, or the Broom hare. Most of the research was located in Spain which
contains the European rabbit and hare. Motivations for conducting research on these species
may be that these two leporids encompass increasing or decreasing populations. For
example, in some places in Europe, the European rabbit is abundant (Petrovan et al. 2011);
however, native to the Iberian Peninsula, the status of the European rabbit is of concern in
Spain because of the declining population (e.g. Beja et al. 2007; Delibes-Mateos et al.
2009). This decreasing population status is echoed with the brown hare (Gortazar et al.
2007). Martin- Lopez (2009) found that the European rabbit received considerable funding
in Spain because it is a prey item for the Iberian lynx (Lynx pardinus) and Spanish Imperial
eagle (Aquila adalberti). However, focusing more research on some leporid species and not
on others (i.e. Eastern cottontail, Iberian hare, Mountain hare, Italian hare, and Broom hare)
could lead to unforeseen conservation dangers such as not knowing the population status,
functional relationships, and intraspecific interactions with other leporids. For example,
Broom hare habitat is located in between the European hare and Iberian hare habitat
(Estanoba et al. 2006) and therefore, the Broom hare could be studied along with the
European and/or Iberian hare. It seems likely that the larger the study area, the more leporid
species would be involved in the study. In this case, out of five papers that had study areas
over 50,000 hectares, two of them studied more than one leporid species.

One of the aims of this paper was to assess the length of the leporid study and the size of
the study area. Many of the studies in this paper were one year or less and many papers
occurred on less than 10,000 hectares. Conservation decisions benefit from long-term data
(Willis et al. 2007) and a limitation that occurs with shorter study periods is that there can
be a lack of replication for statistical analysis. However, sometimes studies that are one
year or less are inevitable as there could be a lack of funding, the study may need to occur
or the opportunity could be lost, and a short term study may be needed to focus on seasonal
effects. For example, sometimes it is appropriate to conduct research during a certain

9
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season (i.e. winter); however, studies could focus on that season each year for a few years.
Smaller sized study areas are fine too; however, sometimes the results might not be
characteristic for the total population (Johnson 2002).

There are various traditional wildlife survey methods such as roadside counts, spotlight,
random sampling, radio-tracking, pellet counts, call counts, trapping, transect methods,
aerial surveys, mark-recapture, and mapping. Some studies utilized hunting/bag surveys for
leporids. Bag survey information can be useful in terms of identifying leporid hunting
trends and quantitatively defining how many leporids were hunted from year to year;
however, changes in land use and variation in hunter activity must be considered when
conducting this type of study (Hill et al. 2005). In addition, this study found that pellet
surveys and trapping were the most commonly used methods in the papers. Pellet surveys
are a reliable method to estimate rabbit populations, can be used for long periods of time,
and are relatively easy to implement (Palomares 2001, Hill et al. 2005). It must be noted
that sometimes leporids deposit more pellets in certain areas (Palomares 2001); therefore,
caution must be used with assumptions of statistical tests using fecal pellet counts. For
example, swamp rabbits (Sylvilagus aquaticus) often deposit fecal pellets on logs that are
decaying (Zollner et al. 1996). Spotlight surveys were also utilized in many of the leporids
studies and is also a reliable method (Ballinger and Morgan 2002; Caley and Morely 2002).
Marchandeau et al. (2006) and Barrio et al. (2010) point out that rabbit behavior, depending
upon weather and lunar phases impinge on the rabbit being above ground therefore, may
play a big role in detectability and abundance estimates. The season and time of day may
also be important to consider for the study because some rabbits are more active at dusk
than they are at midnight (Barrio 2010; Ballinger and Morgan 2002) and detectability may
impinge on when rabbits forage (Barrio et al. 2010). As a result, Barrio et al. (2010)
suggested that a pilot study could be conducted prior to surveys to identify patterns of
activity.

In relation to patterns of activity, a landscape perspective could be taken in order to better
understand how leporid habitat functions with ecological processes. Therefore, structure
and function of ecological processes and landscapes could be considered in studies (Leitdo
and Ahern 2002; Lindenmayer et al. 2008) and could use more research (Leitdo and Ahern
2002). One of the aims of this paper was to determine which variables were used more or
less often in landscape ecology studies dealing with leporids. This study identified that
habitat type and habitat relationship topics were the most commonly studied. This finding
was echoed by DeStefano (2002) who also found that habitat relationships were a common
focus in forest wildlife research and management topics. Habitat relationships may be
commonly studied because studies of habitat preferences constitute baseline ecological
information (Rosenzweig 1991). Even though habitat studies are important, variables such
as topography, edge effect, aspect, connectivity, and slope impinge not only on landscape
processes, but on the distribution of species (Catling and Burt 1995; Alexander and Waters
2000). According to Noss’ (1990) indicators, the leporid research in this study would have
focused more on the compositional components (i.e. habitat type) rather than structural and
functional components. A few examples of some selected landscape variables that were
identified in published leporid papers include: edge density, land use (Petrovan et al. 2011),
topography, elevation, patch area, distance to roads, orchards, hedges (Roedenbeck and
Voser 2008), aspect, altitude (Fulgione 2009), slopes, topography and vegetation (Rueda
2008), soil hardness, vegetation structure, elevation, and scrub height (Calvete 2004). It is
important that variables such as altitude, aspect, edge effect, and slope continue to grow
within leporid research to obtain a more specific understanding of structure and function of
ecological processes in leporid landscapes. Leporid research could improve by utilizing
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these landscape structure and function metrics. For example, some of the papers focused on
natal dispersal, but did not have much of a focus on landscape factors such as
slope/topography, which may impede natal leporid movement. In addition, for studies that
considered warren use by leporids, the study could consider soil content, altitude, and
erosion. For example, Eldridge and Simpson (2002) found that warren mounds were
susceptible to wind and water erosion when the mound does not have vegetation.

Some challenges for the European landscape is that land is more intensively used, farm
size is growing (Jongman 2002), the growth of grassland and plantation forestry in
marginal regions is increasing (Reger et al. 2007), and landscape homogenization is
becoming more prevalent (Reger 2009). Lundstrom-Gilliéron and Schlaepfer (2003) point
out that urbanization, fragmentation, and agriculture intensification occur in the Swiss
landscape. It seems likely that these trends and processes will impinge on leporid
populations as they adapt to landscape changes. For example, Lundstrom-Gilliéron and
Schlaepfer (2003) found that the brown hare population was impinged by field work,
traffic, fragmentation, and prefers forests for refuge amongst other requirements. Therefore,
it may be important to utilize the fragmentation, vegetation cover, and urbanization metrics
when conducting a study for the brown hare to better understand the link between structure
and function of ecological processes in leporid landscape. As far as ecological planning is
concerned, Leitdo and Ahern (2002) selected nine metrics (e.g. patch richness, patch size,
patch shape, edge contrast, and contagion) that are used to define ecological landscape
planning and can be used on ecological processes (Leitdo and Ahern 2002). In fact, patch
size and edge effect metrics were important to consider for the Lower Keys Marsh rabbit
(Sylvilagus palustris hefneri) in Florida (Schmidt et al. 2011). Therefore, it is recommended
that leporid researchers and landscape planners exchange information so that the best
planning practices can occur on the ground for the leporid species.

CONCLUSIONS AND FUTURE RESEARCH

e There are some caveats that must be considered in this paper, as books were not
considered, only peer-reviewed publications in the English language. This paper
reviewed papers that came from a few European countries, but did not include all
European countries.

e Marchandeau et al. (2006) points out that they completed their study under similar
weather conditions and similar lunar phases. These factors may be important to
consider for consistency in leporid studies.

e If studies are to be comparable, similar methods should be used so that such
comparisons between studies will be able to occur. This study suggested that many
of these papers used a variety of methods such as pellet counts, spotlight, trapping
and collaring.

e It was recommended to conduct a pilot study (Barrio et al. 2010) so that the
behavior, time of day, and/or season of the target leporid can be defined (i.e. to
determine if the leporid is more active at night or dusk or during a certain season)
(Barrio et al. 2010).

o If able, obtain as much historical population information on the target leporid of
study as possible. This may identify historical population trends and/or historical
uses of the leporid. A historical approach to leporid studies may facilitate a more
holistic perspective on baseline ecological information.

11
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