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a  b  s  t  r  a  c  t

Cost-effective  indices  to  estimate  relative  abundances  of  species  are  crucial  for  their  management  and
conservation.  As  an  example,  population  indices  are  needed  to monitor  extensive  breeding  nuclei  used  for
translocating  wild  rabbit  populations.  Based  on counts  of faecal  pellets  from  four  high  density  rabbit  nuclei
in southwest  Spain:  (i)  we  assess  the accuracy  of  this  population  index  in  high-density  populations;  and
(ii) present  a simulation  approach  to  evaluate  how  the reduction  of  the counting  effort  affects  accuracy  of
the  population  estimates.  Our findings  suggest  that this  method  provides  a valid  estimate  in high-density
rabbit  populations,  and, notably,  estimates  would  have  not  substantially  changed  after  a  reduction  of
45–65%  in  the  number  of  counted  plots  depending  on variation  on  rabbit  density  between  nuclei.  We
provide  a framework  that managers  and  other  scientists  could  use to  improve  data  collection  of  pellet
counts  in  order  to  optimize  their  chances  of detecting  relative  abundance  estimates  of  rabbits.  In  addition,
we present  a R  function  to  implement  our  approach  that  can  easily  be  applied  in a variety  of  monitoring
programmes  for  other  species  based  on  count  data.  This  will  likely  help  to reduce  field-effort  in  different
studies  without  compromising  population  indices  estimates.

©  2015  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

During the second half of the 20th century, European rabbit
populations (Oryctolagus cuniculus) declined sharply across the
species’ native range, the Iberian Peninsula, mainly as a result of
viral diseases and the loss of suitable habitat (Delibes-Mateos et al.,
2009). This decline has been exacerbated with the recent outbreak
of a new variant of the rabbit haemorrhagic disease (RHD) virus
(Delibes-Mateos et al., 2014). Following the rabbit decline, several
management programmes were established in Iberia to provide
populations for hunting (as it is one of the most important small
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game species) and for endangered predators that rely on this prey
(Delibes-Mateos et al., 2008a). In particular, number and frequency
of translocations of wild rabbits by both hunters and conservation-
ists increased considerably after the first outbreak of RHD in the
1990s (Delibes-Mateos Ramirez et al., 2008b). The success of these
earlier wild rabbit translocations was  generally low (i.e. low sur-
vival rate and/or low breeding success; Calvete et al., 1997; Letty
et al., 2000). As a consequence of this, several research projects
were carried out in France and Spain with the aim of investigating
potential solutions to improve rabbit translocations programmes
(e.g. Letty et al., 2008; Rouco et al., 2011a, b). This situation led to
a new concept in wild rabbit translocation programmes, such as
the use of in situ extensive rabbit captive breeding plots, (here-
after referred to as ‘nuclei’). Nuclei are now widely used for both
conservation and hunting management purposes (e.g. Rouco et al.,
2008; Guerrero-Casado et al., 2013; D’Amico et al., 2014). Gener-
ally a nucleus is an area of around 0.5–4 ha, usually fenced, and
with variable numbers of artificial rabbit warrens built in to provide
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shelter for rabbits. The nucleus serves two main roles as: (1) soft
release receptor site,  where translocated rabbits are kept confined
in the new area before release and provided with increased oppor-
tunities for adaptation to the novel conditions, and, with time, as
(2) a potential donor population,  providing well-acclimatised ani-
mals to be easily captured and translocated to surrounding areas
(Rouco, 2008; Rouco et al., 2008; Guerrero-Casado et al., 2013).

Because nuclei aim to hold high rabbit numbers within low den-
sity natural areas, it is crucial that rabbit density within the nuclei
is stable in the medium and long-term. From this point of view, the
main concern when using this methodology is that rabbit popu-
lations inside the nuclei can suffer dramatic changes in density, as
occurs in the wild. They can either reach extremely high densities in
a relatively short period of time, followed by a density-dependent
reduction in population growth rate (Ruiz-Aizpurua et al., 2014), or,
on occasion, abundance may  collapse after a high incidence of dis-
eases and/or predators (Rouco, 2008). Because of these fluctuations,
it is essential that rabbit populations inside the nuclei are moni-
tored in a timely fashion to allow for rapid, effective interventions
in order to prevent abrupt changes in abundance and thus remain
viable. Robust and cost-effective monitoring procedures to assess
population levels in rabbit nuclei are methodologically challenging,
but are crucial for effective nucleus management.

The number of rabbits inhabiting an area can be estimated
directly by live-trapping, tagging and/or by counting (e.g. from a
hide or vehicle), but these methods have several drawbacks. They
are time consuming, trapping is usually very costly and counting
may  be inaccurate because of vegetation cover or topography. On
the other hand, spotlight counts provide indices of population num-
bers, but are impractical for small areas (Wood, 1988). Population
indices obtained by indirect counts of signs are often used to mon-
itor wild populations when a direct count of individuals is not a
feasible option. To be valid, these population indices must be pro-
portional to population size, and detection probability must not
change systematically across surveys (Caughley, 1977). Hence, the
most convenient alternative to direct population counts seems to
be the faecal pellet counts, which are broadly used to estimate rel-
ative abundance changes of lagomorphs (Wood, 1988; Fernández
de Simón et al., 2011a) and other mammals (e.g. deer, Acevedo
et al., 2010; goats, Poole et al., 2011; or wallabies, Norton et al.,
2011). Within lagomorphs this method usually consists of counting
pellets that accumulate over a period of time in plots with a cer-
tain surface from which pellets had been previously removed (e.g.
Rouco et al., 2011a). While this method is highly correlated with
other methods typically used to estimate rabbit abundance and
density (Fernández de Simón et al., 2011a, b), its accuracy in high
density rabbit extensive breeding nuclei typically used by conser-
vationists and hunters to recover rabbit populations has not been
assessed yet. This method is also known to be time consuming,
as it usually requires counting a high number of plots to provide
reliable estimates (Fernández de Simón et al., 2011a; Mutze et al.,
2014). However, the number of plots needed to be pellet-counted
to obtain an accurate population index in rabbit nuclei has never
been evaluated.

In this study we use data from a monitoring programme of four
rabbit nuclei in southwest Spain to: (i) evaluate the accuracy of pel-
let counts as an index of relative abundance in rabbit nuclei with
some differences in population density and; (ii) assess the mini-
mum  sampling effort (i.e. minimum number of pellet plots to be
counted) required to achieve consistent estimates of relative abun-
dance of rabbits calculated from pellet-counts. First, we tested the
accuracy of this index by correlating pellet-count estimates against
abundance estimates provided by a reference method (i.e. rabbit
live captures). Second, we employed a re-sampling procedure from
pellet counts data to determine the minimum sampling effort that
would have sufficed to obtain almost identical estimates of relative

abundance. Finally, we provide a R function that, based on previ-
ously collected count data and regardless of the study system, may
be used to assess the minimum sampling effort needed to obtain
population index estimates maintaining a similar accuracy.

2. Material and methods

2.1. Study site

This study was  carried out in Sierra Norte Natural Park, south-
west Spain. Four 200 × 200 m extensive breeding rabbit nuclei
were built (4 ha each), approximately 1 km apart. As part of a
larger project, two nuclei were fenced around their perimeter,
which resulted in rabbit density being higher in these nuclei than
in other two unfenced nuclei. Nevertheless, overall both types
had much higher rabbit densities (highest density between 26
and 100 rabbits/ha for unfenced and fenced nuclei, respectively;
Rouco, 2008) than wild natural ones in Iberian Peninsula (generally
<3 rabbit/ha; Fernández de Simón et al., 2011a). We  took advantage
of this opportunity to assess our method in nuclei with this varia-
tion in rabbit density. Detailed nuclei description can be found at
Rouco et al. (2008, 2011b).

2.2. Experimental procedure and abundance estimates

Field data were collected over 2 consecutive years (2003–2004).
Data collection included two  rabbit capture sessions per year on
each nucleus: one during summer (June) and the other one by
the end of autumn (November), when rabbit population in Iberian
Mediterranean ecosystems reaches maximum and minimum den-
sities, respectively (e.g. Gonç alves et al., 2002). Each warren had an
effective capture device consisting of a wire net fence with metal
traps attached to holes in the fence. Captures involve activation of
the capture devices at midday, when the rabbits were less active
and most were underground. The following morning, the rabbits
trapped inside the cages were counted and handle. We  trapped
for only one night to obtain our reference index. Previous stud-
ies have shown that live-trapping in our study area can capture
a large proportion of the rabbit population inside the nuclei (i.e.
50–60% of the population), thus providing an accurate estimation
of population density (Rouco et al., 2011b; Santoro et al., 2014).
For each capture session and nucleus, an estimate of rabbit relative
abundance was calculated as the mean number of animals captured
per trap (Ntraps = 66 per nucleus; for more details see Rouco et al.,
2011b), and as well as other live trapping methods, is often used
as a reference method (Wood, 1988; Ballinger and Morgan, 2002;
Marchandeau et al., 2006). In addition, 180 circular pellet count-
ing plots (14-cm radius, i.e. 0.06 m2) were randomly distributed
in each nuclei two  months before each rabbit trapping session,
and all the old pellets were removed. During the capture sessions,
we counted pellets that had been deposited by rabbits during the
preceding two  months. We selected 180 plots to ensure that we
counted enough number of plots to obtain an accurate abundance
estimate, and from here, we  were able to reduce this number in
order to calculate the minimum sampling effort through simula-
tion of the total number of pellet plots counted. To standardize all
pellet counts, a rabbit pellets deposition rate per day (DRD) was cal-
culated. The DRD was  obtained by dividing the number of pellets at
each counting plot by the number of days since the counting plot
was placed and cleaned (Rouco et al., 2011a). Since pellet degrada-
tion depends mainly on rainfall (Fernández de Simón et al., 2011b),
and given that the four nuclei were located in a flat area with the
same vegetation structure, and about 1 km apart each, we assumed
that pellet degradation was  similar between them.
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