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d Departamento de Ciencias Integradas, Facultad de Ciencias Experimentales, Universidad de Huelva, 21007, Huelva, Spain   

A R T I C L E  I N F O   

Keywords: 
Abundance index 
Pellet’s decay rate 
Population abundance 
Wildlife monitoring 

A B S T R A C T   

Counting latrines is a standard method to estimate European wild rabbits (Oryctolagus cuniculus) abundance. This 
method plays an important role in endangered predators’ conservation programs in the Iberian Peninsula, 
especially in potential reintroduction areas for the Iberian lynx (Lynx pardinus). However, since the last half- 
century, rabbit populations have declined dramatically within their native range, mainly due to the effect of 
two viral diseases, which have caused even local extinctions of natural populations. Hence, we raise the question 
regarding how reliable the method of counting latrines may be in ensuring the abundance of rabbit populations 
after an event of sudden decline or even local extinction. To answer this question, we carry out a simple 
experiment where we set ten lines with rabbit latrines with two different sizes each (small and large) and 
simulated low- and high-abundant rabbit population scenarios on five latrine lines each, respectively. Then, we 
calculated the pellets decay rate and latrines persistence rate through monthly surveys. Our results showed that 
the daily persistence rate varied little among the different scenarios. However, generally, latrines do not persist 
long (78 days on average) regardless of the size of the latrines or rabbit population abundance. The longest time 
to extinction for pellets (c. 469 days, 97.5 quantile) was longer than the time until no more latrines were 
identified (c. 191 days, 97.5 quantile). We conclude that, although we did not consider other factors that could 
affect pellets decay, counting latrines seems to be sensible to a hypothetical dramatic decline event of a wild 
rabbit population. Therefore, if there is evidence of an epidemiological outbreak event, we suggest managers 
carry out latrines census at least between 140–220 days after an outbreak detection to reduce bias on the 
determination of rabbit abundance.   

1. Introduction 

European wild rabbits (Oryctolagus cuniculus) are social species, and 
they commonly used latrines as olfactory and visual signals (Ziege et al., 
2016). Furthermore, latrines are a key element of maintenance behav-
iour in rabbits and a critical source of social and territorial information 
(Domínguez-Cebrían & de Miguel, 2013). Due to their importance and 
to the costs associated with their deposition (Monclús, Arroyo, Valencia, 
& Miguel, 2009), the establishment, use, and maintenance of latrines 
depend on the time and energy animals can effectively invest in their 

marking behaviour, and ultimately, on the size of their territory and 
their abundance (Ziege et al., 2016). Thus, counting rabbit latrines are 
frequently used as an indirect method to estimate wild rabbit pop-
ulations abundance, not only within its native range (e.g. Delibes-Ma-
teos, Ferreras, & Villafuerte, 2008; Delibes-Mateos, Delibes, Ferreras, & 
Villafuerte, 2008; Ferreira, Paupério, & Alves, 2010; Guerrero-Casado, 
Carpio, Ruiz-Aizpurua, & Tortosa, 2013; Virgós, Cabezas-Díaz, Malo, 
Lozano, & López-Huertas, 2003) but elsewhere (e.g. Australia, Mutze, 
Cooke, Lethbridge, & Jennigns, 2014). It also has been used to monitor 
populations abundance of other lagomorph species (e.g. Fowler & 
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Kissell, 2007; Rizo-Aguilar, Guerrero, Hidalgo-Mihart, & 
González-Romero, 2015). In order to obtain a population abundance 
estimate, it is necessary to take into account the species defecation rate 
and the pellet persistence rate (Fernández-de-Simón, Díaz-Ruiz, Cirilli 
et al., 2011; Fernández-de-Simón, Díaz-Ruiz, Villafuerte, 
Delibes-Mateos, & Ferreras, 2011; Plumptre & Harris, 1995). Persistence 
can be expressed as the number of days for which a group of pellets 
persists (Hemami & Dolman, 2005), and it has been frequently used in 
the literature (e.g. Palomares, 2001; Sanchez, Rachlow, Robinson, & 
Johnson, 2009). Despite some controversies (Fernández-de-Simón, 
Díaz-Ruiz, Cirilli et al., 2011; Fernández-de-Simón, Díaz-Ruiz, Villa-
fuerte et al., 2011; Guerrero-Casado et al., 2020), counting latrines is an 
easy and comomn method used for monitoring rabbit wild populations, 
especially in areas where rabbits occur at low densities and endangered 
Iberian predators remain, such as the Iberian lynx (Lynx pardinus) or the 
Iberian imperial eagle (Aquila adalberti). For example, there is even a 
minimum threshold of 20 latrines/km to identify the areas of the min-
imum abundance of rabbits to identify potential reintroduction areas of 
Iberian lynxes in the conservation program of the species in the Iberian 
Peninsula (Iberlince, 2016). 

On the other hand, the European wild rabbit is the staple prey of 
more than 30 native predators of the Iberian Peninsula (Delibes-Mateos, 
Delibes et al., 2008; Delibes-Mateos, Ferreras et al., 2008), where they 
are native (Monnerot et al., 1994). However, its wild populations have 
undergone a sharp decline during the last decades with a negative 
impact on both game-based economy and the conservation of threatened 
species that depend on rabbits (Delibes-Mateos, Ferreras, & Villafuerte, 
2009). Consequently, the European wild rabbit is considered an en-
dangered species within its native range (Villafuerte & Delibes-Mateos, 
2019). Among the reason for such decline, prevail habitat loss, but 
above all the arrival of two viral diseases: myxomatosis in the 1950s and 
two different strains causative of the rabbit haemorrhagic disease (RHD) 
at the end of the 1980s and 2010, respectively (e.g., Delibes-Mateos 
et al., 2009; Rouco et al., 2018; Rouco, Abrantes, & Delibes-Mateos, 
2020). The impact of these diseases causes dramatic declines in rabbit 
populations, including the extinction of local populations (e.g., Villa-
fuerte, Calvete, Blanco, & Lucientes, 1995; Virgós et al., 2003). Both 
myxomatosis and RHD are endemic diseases (Abrantes, van der Loo, Le 
Pendu, & Esteves, 2012; Villafuerte et al., 2017), and recurrent out-
breaks occur every year, although with different severity. 

For the conservation of endangered predators dependent on rabbits’, 
it is relevant to evaluate how reliable the method of counting latrines 
may be in ensuring the abundance of rabbit populations after a severe 
disease outbreak. In other words, for how long may a latrine persists 
once the local population dramatically declined or completely dis-
appeared? In this study, we designed a simple experiment to evaluate 
wild rabbit latrines’ persistence in different scenarios and, hence, verify 
the reliability of such a method to estimate rabbit abundance when an 
unexpected dramatic decline event occurs. 

2. Material and methods 

2.1. Study site 

The study site consisted of open pastureland nearby the Campus of 
Rabanales of the University of Cordoba, Spain (37◦54’58.22” N 
4◦42’24.85” W). The study last from December 2017 till May 2018. 
These dates were selected based on the time of year when RHD (i.e. 
Lagovirus europaeus/GI.2) outbreaks often occur (Rouco et al., 2018). 
The climate is typically Mediterranean, with hot, dry summers and mild, 
wet winters. The average daily temperature during the study period was 
11.8 ◦C (ranging from 6.4 to 17.9 ◦C), and the average daily precipita-
tion was 2.9 mm. Before beginning the experiment, a rabbit census was 
carried out in order to confirm the absence of wild rabbits in the study 
site. We set a total of 49 plots (area: 0.5 m2) 25 m apart, covering 2.25 ha 
to count pellets of rabbits. Additionally, whereas moving among plots, 

we search for the presence of rabbits’ activity signs, such as rabbit 
scrapes, warrens, or latrines. Not a single pellet nor rabbits’ activity 
signs were reordered. 

2.2. Experimental design 

A latrine is generally defined as a group of at least 20 pellets within 
an area of 200 × 300 mm2 (Delibes-Mateos, Ferreras et al., 2008; 
Delibes-Mateos, Delibes et al., 2008; Virgós et al., 2003) equivalent to a 
pellet’s density of 333.3 excrements/m2. We set ten lines with artificial 
rabbit latrines 3 m apart each, and, on each line, two latrines were set, 
one small and another large with 0.1 m2 (Ø: 36 cm) and 1 m2 (Ø: 113 
cm) of diameter, respectively (Fig. 1). Five lines simulated a 
low-abundant wild rabbit population scenario. Another five lines 
simulated a scenario with a high-abundant wild rabbit population. La-
trines were set with a pool of fresh rabbit pellets (< 24 h old) from 150 
wild rabbits kept in semi-captivity conditions in the “Centro de Estudios 
de Lagomorfos Silvestres” located in the Campus of Rabanales of the 
University of Cordoba. Rabbits had a mixed diet of alfalfa hay and rabbit 
commercial food (Cuniunic, NANTA, SA). To create latrines for the 
different scenarios, we set latrines starting density of 600 and 1900 
excrements/m2 per latrine for low- and high-abundant wild rabbit 
population, respectively. Thus, for the latrines simulating a 
low-abundant scenario, we spread regularly through an area of 0.1 m2 

and 1 m2 a total of 60 and 600 fresh rabbits pellets for small (scenario 1) 
and large (scenario 2) latrine size, respectively. Similarly, for a 
high-abundant scenario, we regularly spread a total of 190 and 1900 
fresh rabbits pellets for small (scenario 3) and large (scenario 4) latrine 
size, respectively. In this sense, our experimental design was conserva-
tive since the simulated population that we considered as “low abun-
dant” had a 3-fold starting density of pellets than the referenced one 
based on field studies in the Iberian Peninsula (Delibes-Mateos, Ferreras 
et al., 2008; Delibes-Mateos, Delibes et al., 2008; Virgós et al., 2003). 
Monthly pellet counts were carried out regularly to calculate pellets’ 
density on each latrine to estimate both pellets’ decay rate and the la-
trines’ persistence. For that purpose, we counted the total amount of 
pellets found inside a 10 cm diameter plot. We randomly placed and 
counted 5 and 20 plots on each visit per each small and large latrine, 
respectively. Therefore, based on our sampling plot area, the pellets’ 
threshold number per plot to consider a true latrine was 2.62 pellet-
s/plot. As expected, since no rabbits and ungulates inhabit the study 
area, no coprophagous invertebrates were spotted in the latrines during 
the study. 

2.3. Observed persistence rates from the experiment 

First, we calculated the pellets’ persistence rate for each of the four 
scenarios considered in our experiment: (scenario 1) small plot in low- 
abundant population, (scenario 2) small plot in high-abundant popula-
tion, (scenario 3) large plot in low-abundant population, (scenario 4) 
large plot in high-abundant population. Since latrines were relatively 
close, we assumed a roughly constant proportional decay of pellets 
through the study period. Our data proceed from a limited area with 
little heterogeneity in the environmental conditions (e.g., spatial and 
climate variation). Hence, the decay rate variation is likely to depend 
mainly on the experimental conditions than on environmental differ-
ences. As the exponential function can ever reach zero, we added one to 
each pellets’ count. Using the exponential approximation, the number of 
pellets that decay during a particular interval may be expressed as a 
function of constant time decay (λ) such as: 

dN
dt

= − λN 

In other words, the expected number of pellets at a given moment 
(Nnext) is a function of the number of pellets at the previous time (Nprev) 
such as: 
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Nnext = Npreve− λt 

The persistence rate (p) may be calculated as: 

p = 1 −

(

ln
(

Nprev

Nnext

)/

t
)

After calculating p for each scenario and interval between field ses-
sions, we calculated the average p of each scenario and its standard 
deviation σ (approximated by a truncated normal distribution, package 
truncnorm). 

2.4. Simulations of the latrines and pellets’ extinction process 

Then, we simulated pellets’ decay under four scenarios similar to 
those of the experiment. For each scenario, we simulated the persis-
tence/decay of each pellet, all of them released on day 1, over 1000 
days. The pellets’ probability of persisting in the sample depended on a 
normal distribution with μ and σ corresponding to the scenario-specific 
average persistence rate (p) and standard deviation (σ) calculated from 
real data. The number of initial pellets was the median number of pellets 
counted in each scenario. In the simulations, once an individual pellet 
disappeared, it remained in the same state (0) for the rest of the time. 
Then, we calculated the number of pellets still present in the sample on 
each day since day 1 and recorded the number of days until there were 
no pellets left. We repeated this process 10,000 times, obtaining 10,000 
estimated values of the days elapsed to pellets’ extinction for each sce-
nario. Then, we repeated the simulations to calculate, for each scenario, 
the number of days before less than 3 pellets were counted on a plot, 
which corresponds to the time to latrine’s extinction. All the statistical 
analyses were performed in R version 4.0.2 (R Core Team, 2020). 

3. Results 

The daily persistence rate varied little among the four scenarios (p 
scenario1 = 0.9882; σ scenario1 = 0.009; p scenario2 = 0.9828; σ scenario 2 =

0.0111; p scenario 3 = 0.9875; σ scenario 3 = 0.0098; p scenario 4 = 0.9834; σ 
scenario4 = 0.0111). By pooling all the simulations together, we found 
that the average (median) time after which no pellets were left in the 
sample was 196 days (2.5 % quantile = 72 days, 97.5 quantile = 423 
days). The estimates of the number of days before the pellets disappear 
are similar between the different scenarios showing a slight increase 

when the counting plots and pellets’ density are larger (Fig. 2a; 2.5 %, 
50 % and 97.5 quantiles: scenario 1 = 51, 153, 387 days; scenario 2 =
83, 166, 336 days; scenario 3 = 88, 210, 469 days; scenario 4 = 150, 
245, 440 days). 

By pooling all the scenarios, the average (median) time after which a 
latrine disappeared was 78 days (2.5 % quantile = 10 days, 97.5 quantile 
= 191 days). As expectable, similar to what we found for the time to 
pellets’ extinction, the number of days to latrine’s extinction followed a 
similar pattern between the different scenarios showing a slight increase 
when the latrines and pellets’ density are larger (Fig. 2b; 2.5 %, 50 % 
and 97.5 quantiles: scenario 1 = 5, 28, 94 days; scenario 2 = 41, 77, 138 
days; scenario 3 = 29, 75, 161 days; scenario 4 = 99, 147, 218 days). 

4. Discussion 

Our results revealed that wild rabbit latrines do not persist long when 
there is a lack of maintenance (c. 80 days pooling all scenarios together), 
regardless of the size of the latrines or rabbit population abundance. Our 
decay rates of pellets (i.e. 0.9828− 0.9882) were similar to those found 
in the literature (i.e. 0.9975 in Palomares, 2001, 0.9741− 0.9943 in 
Fernández-de-Simón, Díaz-Ruiz, Cirilli et al., 2011; 
Fernández-de-Simón, Díaz-Ruiz, Villafuerte et al., 2011). As expected, 
the longest time to extinction for pellets (c. 469 days, 97.5 quantile) was 
longer than the time until no more latrines are identified (c. 191 days, 
97.5 quantile). As mentioned above, these figures are conservative since 
our starting density of pellets for low abundance scenarios was high. 
Consequently, we could expect to find in the wild shortened periods to 
extinction for pellets and latrines. 

We acknowledge that other factors that may affect pellets’ decay 
rate, such as seasons, differences in habitat type, or diet (Cochran & 
Stains, 1961; Fernández de Simón, Díaz-Ruiz, Villafuerte, 
Delibes-Mateos, Ferreras, 2011; Taylor & Williams, 1956), were not 
considered in the current study. Rabbit pellet persistence can vary at 
different rates depending on the time of the year, the habitat, and the 
climatic conditions (Fernández de Simón, Díaz-Ruiz, Villafuerte et al., 
2011). Due to our study area’s homogeneity, we did not consider 
weather conditions as a driver of the decay rate. Nonetheless, meteo-
rology, particularly rainfall, appears to increase rabbit pellets decay rate 
(Fernández de Simón, Díaz-Ruiz, Villafuerte et al., 2011; Iborra & 
Lumaret, 1997), and consequently, the durability of latrines. We 
recorded average daily precipitation of 2.9 mm during our study period. 

Fig. 1. Scheme of the experimental design showing four out of the ten lines of latrines set. Small (Ø: 36 cm) and large (Ø: 113 cm) circles indicate the location of 
small and large latrines. Odd (i.e. 1, 3, 5, 7 and 9) and even lines (i.e. 2, 4, 6, 8 and 10) simulated low- and high-abundant wild rabbit population scenarios. 
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Therefore, in areas with lower precipitation rate, latrines are expected to 
last longer. On the other hand, a study with cottontails (Sylvilagus flor-
idanus) revealed considerable differences in pellets decomposition rate 
depending on their composition (Cochran & Stains, 1961). These au-
thors found that pellets with lower decay rates were formed from 
commercial food (Cochran & Stains, 1961), which would make our es-
timates even more conservatives if applied to our study. In such respect, 
suffice to mention the high diversity and abundance of dung beetles 
associated with the European rabbit in the Iberian Peninsula (Verdú & 
Galante, 2004), which would increase rabbit pellets decay in the wild 
where present. 

From a management perspective, latrines persistence seems to be 
relatively short-lived based on our low abundance scenarios (97.5 
quantile < 140 days). Our results revealed that the “counting latrines” 
method is sensitive to a sudden decline of a wild rabbit population. 
Therefore, if observers notice evidence of an epidemiological outbreak 
in a target area during a latrine census, we suggest managers and/or 
scientists carry out the latrine census at least 140 days later. However, if 
the original population was considered a high abundant one, this figure 
should increase to at least 220 days. Moreover, we also recommend, 
whenever possible, to estimate latrines persistence beforehand in those 
potential reintroduction areas for the Iberian lynx using a simple rabbit 
exclusion pen in located latrines. This way, managers will obtain reliable 
in-situ estimates. 
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