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Mud-puddling on roadsides: a potential ecological trap for butterflies
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Abstract

Road-kill represents a major threat for butterflies and more generally for pollinators. Here we report an observation of con-
spicuous aggregations of butterflies mud-puddling on roadsides and, for this reason, being massively road-killed by farm
vehicles.

Implications for insect conservation While the reported observation by itself may not entail a significant threat to the popu-
lations of the observed species, it provides the opportunity to discuss an overlooked ecological trap, potentially affecting
butterflies and especially threatened or endemic species. Indeed, this kind of mortality, due to a very common behaviour in
butterflies, could affect any species in any area, and for this reason should be furtherly investigated and, when necessary,
appropriately mitigated. Mitigation actions should prevent the formation of moist surfaces along roadsides, and in case of
wide verges, provide artificial mud-puddling sites away from roads, in correspondence with the ecotone between roadside

and matrix habitat.
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The global spreading of road networks and associated motor
traffic represents a major threat to biodiversity and ecosys-
tems worldwide (Laurance et al. 2014; Ibisch et al. 2016).
Road-kill is one of the most evident road impacts on animal
species, with most research focusing on large vertebrates
(D’Amico et al. 2018; Barrientos et al. 2021). Nevertheless,
in recent years, studies on the mechanisms determining this
impact on insects are increasing (Samways 2020), especially
those regarding pollinators (Baxter-Gilbert et al. 2015) and
flagship species such as butterflies (Rao and Girish 2007).
Overall, road mortality has been suggested to be one of the
causes of insect global decline (Thomas et al. 2004; Martin
et al. 2018).
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On the other hand, roadsides are increasingly described
as suitable habitats for insects (Li et al. 2020; Samways et al.
2020), including butterflies. For example, in North Ameri-
can grasslands, restored prairie roadsides act as a corridor
habitat for several lepidopteran species (Ries et al. 2001).
Nevertheless, most potential benefits for insects inhabit-
ing roadsides can be counterbalanced by overlooked road
impacts, such as the chemical pollution affecting both host
plants (i.e., the milkweed Asclepias syriaca) and caterpillars
of the declining monarch butterfly Danaus plexippus in the
eastern United States (Mitchell et al. 2020). In these cases,
insect populations inhabiting attractive roadsides actually
fall into ecological traps, just as in the case we describe here.

In early August 2020, we observed the presence of con-
spicuous single- and multi-taxa aggregations of butterflies
that were attracted to localised moist ground areas (origi-
nated from leaking water coming from mountain streams)
on the roadsides of two gravel roads (Fig. 1a). Such behav-
iour is conventionally termed mud-puddling and occurs in
many species of Lepidoptera, and it is thought to serve as a
means of acquiring essential resources for adults (i.e., min-
erals and water; Arms et al. 1974; Adler 1982; Adler and
Pearson 1982). Our observations took place in two locations
respectively in the Babia Biosphere Reserve (designated Site
of Community Interest and Area of Special Protection for
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Fig. 1 Top left: areas of
observations, and specific
locations within the Cantabrian
Mountains. Top right: butterfly
aggregation on moist gravel

on roadsides while performing
mud-puddling behaviour. Bot-
tom right and left: zoom in on
several individuals of different
butterfly species road-killed by
farm vehicles

Birds) and the Asturian side of Somiedo Natural Park. The
observed butterflies at puddles comprised of five species
(nomenclature following Wiemers et al. 2018): the green-
veined white Pieris napi, the chalk-hill blue Lysandra cori-
don, the turquoise blue Polyommatus dorylas, the long-tailed
blue Lampides boeticus, and the large skipper Ochlodes syl-
vanus. Three species (i.e., chalk-hill blue, turquoise blue,
and large skipper), have been described as Iberian or even
Spanish endemic subspecies (i.e., L. c. asturiensis, P. d. cas-
tilla, and O. s. faunus), although only L. c. asturiensis is still
fully recognized (Garcia-Barros et al. 2013; Table 1). Impor-
tantly, the turquoise blue is listed as Near Threatened by the
TUCN and also in the European Red List of Butterflies (van
Swaay et al. 2010a, 2010b; Table 1). In correspondence with
mud-puddling butterflies, we also recorded road-killed indi-
viduals (approximately 24% of the total observed butterflies;
Total butterfly observed N =54) of the same species above

Table 1 Butterfly species observed mud-puddling on gravel roads
and road-killed in the Babia Biosphere Reserve and in the Asturian
side of Somiedo Natural Park, Cantabrian Mountains, in early August

mentioned. No road-killed individuals have been observed
on the surveyed roads far from mud-puddling sites. Despite
both gravel roads being closed off to the general traffic, shep-
herds and farmers drove quads and trucks to seasonally move
the livestock from lowland pastures to mountainous areas
and vice versa, thus road-killing mud-puddling butterflies
(Fig. 1a).

Road-kill risk primarily depends on the presence (and
abundance) of individuals on the road and adjacent areas
(D’Amico et al. 2015; Visintin et al. 2016). Butterflies are
not an exception, and in fact, the available scientific literature
shows that the number of road-killed individuals increases
according to an increased abundance of butterflies inhabit-
ing the roadsides (Skdrka et al. 2013; Gaudel et al. 2020).
As a consequence, all the factors attracting butterflies on the
roadsides, especially in the areas immediately adjacent to the
road, will increase the road-kill risk for these pollinators,

2020. Subspecies marked with asterisks are not fully recognized by
recent overviews

Species Subspecies Family Conservation status  Distribution range (species and subspecies)
Green-veined white Pieris napi P. n. meridionalis  Pieridae LC Palearctic—Mediterranean Europe
Chalk-hill blue Lysandra coridon L. c. asturiensis Lycaenidae  LC Central/Southern Europe—Northern Spain
Turquoise blue Polyommatus dorylas  P. d. castilla* Lycaenidae ~ NT Southern/Eastern Europe to Western

(A2c TUCN criteria) Asia—Northern Spain
Long-tailed blue Lampides boeticus NA Lycaenidae  LC Southern Eurasia, Africa, Australasia—NA
Large skipper Ochlodes sylvanus O. s. faunus* Hesperidae  LC European—Northern Iberian Peninsula

@ Springer



Journal of Insect Conservation

potentially becoming an ecological trap. Here we report, to
our knowledge for the first time, that the presence of moist
soils on roadsides can increase the local abundance of mud-
puddling butterflies and, consequently, their road-kill risk.
Increased road-kill risk usually produces road-kill hotspots
(just as previously described for butterflies; Skorka et al.
2015), which in some cases can affect the persistence of
local populations.

Road mortality can have a relevant impact on butterfly
populations and even species (Thomas et al. 2004). For
example, some studies estimated that 2—4% of monarch
butterflies overwintering in Mexico (1.0 to 3.6 million indi-
viduals) would be road-killed in a single migration corridor
(i.e., the Central Funnel; Kantola et al. 2019). Considering
that up to 95% of road-killed butterflies usually disappear
from roads within 48 h (Skérka 2016), the estimated impact
could be even higher. In our case, we observed road mortal-
ity for some common species, but also for at least one Span-
ish endemism (i.e., P. c. asturiensis) and one species listed
as Near Threatened at a global scale: the turquoise blue. We
have no evidence that the events we witnessed and, more
in general, road-kill mortality due to mud-puddling behav-
iour can have an impact on the population persistence of the
observed species. However, this observation provides the
opportunity to describe a kind of mortality that could affect
any species (with similar ecological requirements) in any
areas, especially critically endangered taxa and endemisms
with restricted distribution ranges. Road impacts on butter-
flies, and more in general on pollinators, represent a serious
conservation issue because they do not concern only the
road-killed species but also negatively affect the communi-
ties and ecosystems hosting them (Reck and van der Ree
2015; Fitch and Vaidya 2021). Finally, an interesting issue
regarding this observation is that mud-puddling is more fre-
quent among males (Adler and Pearson 1982), potentially
leading to sex-biased mortality.

Road impacts on butterflies should be properly mitigated,
at least in the areas where road-Kkills represent a recognized
threat for the persistence of local populations. This action
can be especially relevant within the distribution area of
endangered and endemic species. The most obvious mitiga-
tion action would be avoiding the formation of moist sur-
faces along roadsides, for example, avoiding water stagna-
tion in the areas immediately adjacent to roads. Artificial
mud-puddling sites could be also provided away from roads
(Sony and Arun 2015). Nevertheless, in order to implement
an effective mitigation measure for butterflies inhabiting
roadsides, such artificial mud-puddling sites should be cre-
ated only in wide verges, in correspondence with the ecotone
between roadside and matrix habitat. The available scien-
tific literature suggests that the benefits of attracting pollina-
tors on roadsides usually outweigh the costs (Phillips et al.
2020), but the potential existence of overlooked ecological

traps such as the one we describe here should suggest that
these actions should be always carefully planned.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10841-021-00367-y.
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