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Abstract
Outbreaks of myxomatosis in Iberian hares (Lepus granatensis) were detected for the first time in Spain in 2018. The disease 
spread to a significant proportion of the species range, negatively affecting the hare populations. In this study, we analyzed 
the impact of myxomatosis at hunting grounds of Castilla y León (Northern Spain), comparing hare density during two 
consecutive hunting seasons; the first when outbreaks were detected for the first time (season 1, Oct 2019-Jan 20) and 
the second after the spread of the disease (season 2, Oct 2020-Jan 21). Data was gathered from 1,102 hunts from 178 
hunting grounds through “coursing”, a hunting type in which hunters and greyhounds search for hares, allowing the 
estimation of hare density. Overall, hare density decreased significantly, from 12.7 hare/100 ha in season 1 to 4.7 hare/ 
100 ha in season 2. The percentage of hares suspected to be affected by myxomatosis (sick and dead) per hunt was higher 
in season 1 (14.4%) compared to season 2 (10.7%). For both seasons, this proportion was higher when hunting season was 
started (20.7%, October), compared to the remaining months (4.7%, November–January). However, the proportion of 
hunting grounds affected increased from 44% in season 1 to 66.7% in season 2. Our research confirmed a 62.7% reduction 
in hare density in Castilla y León after the spread of myxomatosis and identified scenarios of possible depletion when 
densities were below 4–5 hare/100 ha. As myxomatosis becoming endemic in Iberian hares is likely, hunters and game 
managers should continue current monitoring and disease surveillance and make management decisions accordingly.
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Introduction

Myxomatosis has been a widespread disease in wild 
rabbits (Oryctolagus cuniculus) in Iberia since the 
1950s, showing an annual pattern of periodic out
breaks and affecting a large proportion of its popula
tions (Villafuerte et al. 2017). For the first time, in 
2018, myxomatosis was detected in Iberian hares 
(Lepus granatensis) at several hunting grounds of 
Central and Southern Spain, when hares with com
patible signs were observed, including blepharitis 
and blepharoconjunctivitis, epistaxis and inflamma
tion and oedema around the nasal, oral and genital 
orifices (see full description in García-Bocanegra 
et al. 2019). Afterwards, the disease spread to   

almost the entire distribution of the species in the 
Iberian Peninsula and the Balearic Islands 
(García-Bocanegra et al. 2021).

Existing research confirms that myxomatosis has 
emerged in hares as a new host species (Águeda- 
Pinto et al. 2019; Dalton et al. 2019), and the mean 
expected mortality during the first phase (July 2018- 
April 2019) was higher than 50% (García-Bocanegra 
et al. 2021), hence myxomatosis significantly affected 
hare populations. However, more research on the 
impact of this disease is needed, as there is a lack of 
knowledge on the effects of myxomatosis at a local 
scale due to the limited information on hare density 
before and after the first detected outbreaks.
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The spread of this disease in Spain is a major 
concern because hares are a prey species of a wide 
range of predators and a significant game species, 
with more than 800,000 hunted individuals per year 
in the last decade (Garrido et al. 2020). Hares can 
be legally hunted through walking-up shooting or 
using greyhounds. A traditional and popular hunting 
method in which 1–2 greyhounds on a leash and 
accompanied by hunters, search for hares in open 
landscapes (Rodríguez et al. 1997).

This study aimed to address the effects of myxo
matosis on the population of hares occurring at 
hunting grounds of Castilla y León region (northern 
Spain), using data gathered in the coursing of hares. 
Two periods were compared: when first outbreaks 
were reported (years 2019–20) and after the disease 
spread in the region (years 2020–21). These data 
contribute to increasing knowledge of the effect of 
myxomatosis on hare populations and will improve 
management decisions taken by hunters, managers, 
conservationists, and policymakers.

Material and methods

Study area

This study was conducted on 178 hunting grounds 
of Castilla y León region (North-western Spain), 
which comprised 89,000 ha (Figure 1). The climate 
of the whole study area is Mediterranean dry con
tinental with harsh winters and hot dry summers, 

and annual mean rainfall ranging 400–600 mm 
(Papadakis 1966). All hunting grounds sampled 
were dominated by arable land and grassland (as 
coursing of hares requires open and flat landscapes), 
with scattered vineyards, forest and shrubs patches 
(where coursing is not possible).

Data collection

The data of this study was gathered by volunteers 
recruited by the regional coursing organization 
(Federación de Galgos de Castilla y León) 
(Figure 1). Volunteers were trained to distinguish 
myxomatosis in living hares observed at close dis
tance or “in the hand”, using captured animals 
(alive or dead) or carcasses collected during hunting. 
A hare was categorized as “suspected to be affected 
by myxomatosis” when it was possible to identify 
one or several clinical signs (see García-Bocanegra 
et al. 2019), and in living hares symptoms such as 
running difficulties, disorientation and poor body 
condition (supplementary material 1). It is impor
tant to note that in coursing, not all hares flushed 
are chased by the greyhounds, which may be 
released (or not) depending on the flushing distance, 
the size of the hare (leverets and medium-size hares 
are not chased), and when hares are suspected to be 
affected by myxomatosis.

Information related to hares suspected to be 
affected by myxomatosis and samples from dead 

Figure 1. a) Map of Castilla y León, showing the 10 km × 10 km grids where hunting grounds were located; b) hunters, greyhounds and 
observers on horseback; c) an Iberian hare in a “resting place” within a cereal field; d) greyhounds chasing a hare.
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animals were submitted to the Regional Government 
Animal Health Service (Junta de Castilla y León). 
Since not all hares observed with myxomatosis- 
compatible signs were analyzed in the laboratory, 
and the possibility of hares being affected by other 
diseases (García-Bocanegra et al. 2019), we referred 
to hares as “suspected to be affected by myxomatosis”.

As coursing is conducted during the daytime in 
arable fields, when hares are inactive in their resting 
sites (Sánchez-García et al. 2021), the number of 
hares seen and flushed can be used to estimate hare 
density. This type of hunting is then a method for 
assessing hare abundance, similar to others such as 
the “total clearance count” used in the brown hare 
(Lepus europaeus Langbein et al. 1999).

Data collection was conducted during two consecu
tive hunting seasons: 2019–2020 (season 1), coincid
ing with the first detections of myxomatosis in Castilla 
y León, and 2020–2021 (season 2) during the spread 
of the disease in this region (García-Bocanegra et al. 
2021). The open hunting season starts in October and 
finishes by the end of January. The total number of 
hunts per hunting ground and season varied in each 
ground. Each group of hunters submitted the informa
tion weekly, and in each hunting ground, the informa
tion was gathered by the same group of hunters for the 
whole season.

The unit of analysis considered in this study was 
“the hunt”, defined as the action of hunting (lasting 
around 4 hours), in which hunters and greyhounds 
may flush and chase hares. The following information 
was recorded in each hunt: location of the hunting 
ground, date, area covered, number of healthy hares 
seen or flushed, and number of hares suspected to be 
affected by myxomatosis (sick or dead). Hunters took 
photographs of possibly affected hares and distin
guished the sex of sick hares when possible.

Data analysis

We calculated hare density per hunt using the num
ber of hares seen or flushed divided by the area 
covered in each hunt (hare/100 ha). Non- 
parametric Wilcoxon and Kruskal–Wallis tests and 
contingency tables were used to analyze the data. All 
statistical analyses were conducted using R software 
v.3.4 (R Team 2019).

Results and discussion

Data from 1,102 hunts (78.6% from season 2) was 
analysed. Table I shows the general data of this 
study. In season 1, 83% of the submitted informa
tion was collected in October, while in season 2, 

30% was from this month and the remaining 70% 
for the period November–January.

The hare density for season 2 (mean 4.73 hare/ 
100 ha) was significantly lower (W = 147,069, 
P < 0.001) than the density recorded in season 1 
(mean 12.68 hare/100 ha). The same result was 
obtained using only the information gathered in 
October (W = 35,798, P < 0.001). Considering only 
the hunting grounds participating in both seasons in 
October (n = 44), there were significant differences in 
hare densities (χ2 = 16.41, df = 1, P < 0.001). Also, in 
season 2, a total of 519 hunts yielded a density of ≤4 
hare/100 ha, and 270 hunts yielded a density ≤2 hare/ 
100 ha, suggesting that a significant proportion of the 
hare populations may have been at risk of depletion.

In season 2, hare densities remained similar dur
ing the whole season, with no significant differences 
(χ2 = 1.023, df = 1, P = 0.311) between October and 
the remaining months in those hunting grounds 
submitting data for the two periods; hence, we 
could assume that myxomatosis impacted before the 
beginning of the hunting season. In this way, 
although we cannot exclude that hares were affected 

Table I. The number of hunting grounds, hunts, area covered 
and the number of hares seen per hunting season, and mean 
values (±SE) of area covered per hunt, hares per hunt, hare 
density (hare/100 ha) and the number of hunts recording hares 
suspected to be affected by myxomatosis (dead/sick hares). The 
number of hunts in which affected hares were observed is also 
given (n.d. = no data).

Season 1  
(2019–2020)

Season 2  
(2020–2021)

N hunting grounds 100 78
N hunts 236 866

October 197 258
November 33 295
December 6 230
January 0 83

Total area covered (ha) 18,837 69,937
Area covered/hunt (ha) 79.81 ± 4.44 80.75 ± 1.44
Total N hares seen 1,348 2,587

Hare/hunt 5.71 ± 0.32 2.98 ± 0.09
Hare/100 ha 12.68 ± 1.04 4.72 ± 0.18

Hare/100 ha (October) 11.22 ± 1.02 4.35 ± 0.27
Hare/100 ha (Nov-Jan) 20.06 ± 3.42 4.88 ± 0.24
N hunts dead/sick hares 66 144

Dead hare/hunt 0.59 ± 0.1 0.28 ± 0.02
Sick hare/hunt 0.36 ± 0.06 0.07 ± 0.01

N people/hunt 8.83 ± 0.44 n.d.
Duration of the hunt 

(hours)
4.03 ± 0.09 n.d.

N hunts Affected/Not 
affected

Affected/Not 
affected

October 59/138 91/167
Nov-Jan 7/32 53/555

Totals 66/170 144/722
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by other diseases, we think it was unlikely because, in 
our study area, Tularemia was the only other known 
disease following seasonal outbreaks in hares 
(Reviriego et al. 2000; Mínguez-González et al. 
2021), which shows different symptoms and 
necropsy findings. Thus, density differences among 
seasons may be explained by myxomatosis outbreaks.

The hare density values during season 1 are simi
lar to previous studies conducted in Castilla y León 
before the first detection of myxomatosis, with mean 
values ranging 10–15 hare/100 ha, and up to 22 
hare/100 ha (De la Calzada & Martínez 1994; 
Lopez et al. 1996; Sánchez-García et al. 2012). 
This supports the hypothesis that during season 1, 
myxomatosis emerged and subsequently spread.

A total of 538 hares suspected to be affected by 
myxomatosis were collected (149 sick and 389 
dead). Laboratory analysis for 69 hares collected 
from October to December 2019 confirmed 57 
being positive (82%). From the sexed dead hares 
(n = 51), 62.7% were males, resulting in an esti
mated sex ratio of about 2:1. Pooling sick and dead 
hares, the proportion of affected hares changed 
between seasons and periods. Thus, in season 1, 
the proportion of affected hares was 14.4%, while 
in season 2, it was 10.7%. This means that the hunts 
in season 1 had 1.94 times the risk of observing the 
disease (CI 95%: 1.31–2.17) than season 2. Also, 
this proportion in the initial period was 20.7% while 
in the remaining months decreased to 4.7%. The 
initial period (October) had 4.81 times the rate of 
observing myxomatosis (CI 95%: 4.19–5.53) com
pared to the rest of the coursing period, i.e., hunts in 
the initial period had 3.55 times the risk of observing 
hares suspected to be affected by myxomatosis (CI 
95%: 2.70–4.68) compared to the subsequent 
period.

As this study covered a large area from 
a homogeneous biogeographical territory, in terms of 
landscape, climate and game management, with no 
significant weather differences among hunting seasons, 
we believe that the impact of myxomatosis could explain 
density differences between seasons. Although we can
not exclude slight differences between hunting grounds 
related to predation and other sources of mortality for 
hares (Rodríguez et al. 1997). This conclusion is also 
supported by the significant differences found for hunt
ing grounds participating in both seasons.

Our results suggest that myxomatosis spread in the 
study area. In season 1, 44% of the hunting grounds 
reported possible myxomatosis, while in season 2, the 
value increased to 66.7%. Figure 2 shows the weekly 
percentage of hunting grounds observing hares sus
pected to be affected (sick/dead hares). The 

percentage of hunting grounds observing sick/dead 
hares was higher during October (57.6%) compared 
to the remaining months (38.0%). Despite myxoma
tosis spread in the region from 44 hunting grounds in 
season 1 to 52 in season 2, hares affected by myxo
matosis in the hunts decreased from 28.0% in season 
1 to 16.6% in season 2. The impact of the disease in 
October was significantly higher (33% of hunts) than 
in the rest of the months (9.3% of hunts). This is 
partially in agreement with the patterns observed 
during the first outbreaks in Spain 
(García-Bocanegra et al. 2021), which may be related 
to the effects of weather on fleas and mosquitoes, 
vectors of myxomatosis (García-Bocanegra et al. 
2019), which would be less likely to occur when the 
temperature gets colder at higher altitudes 
(Durán-Martínez 2012).

In general, this study points out an important 
reduction in hare densities in Castilla y León after 
the spread of myxomatosis, as in season 2, densities 
were 62.7% lower than season 1. The impact of 
myxomatosis on the studied hare population is 
higher than results from García-Bocanegra et al. 
(2019), García-Bocanegra et al. (2021), who esti
mated a mean mortality of 55.4% (median 70%) 
during the first outbreaks (July 2018-April 2019, 
concentrated in central and southern Spain), though 
in those studies no density data were provided. It is 
important to note that in this study, 53% of the 
hunting grounds participating in season 2 imple
mented measures to adapt hunting pressure, includ
ing the reduction of hunting days, allowing hunting 
only during the morning and in some cases hunting 
ceased before the end of the season.

All hunting grounds aiming to harvest hares must 
conduct a count to decide whether hunting can be 
conducted or not. In similar hare habitats, values 
below 4–5 hare/100 ha may indicate scenarios of 
depletion and even local extinction (in some cases 
attributed to myxomatosis), hence measures should 
be taken to boost local populations through targeted 
management and continuous population and disease 
surveillance (Alzaga et al. 2013). We understand that 
data gathered from volunteers conducting coursing 
allow a further calculation of hare density. However, 
further research should be conducted to compare 
with other methods, such as spotlight counts and 
transects (Purroy 2017), bearing in mind that this 
hunting form may not imply killing. To the best of 
our knowledge, hare hunting has not been limited or 
banned by authorities in any Spanish regions, which 
could be explained by the voluntary hunting restraint 
promoted by hunters and game managers at grounds 
with myxomatosis or when hares are scarce.
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