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ABSTRACT
The Polynesian rat Rattus exulans is the third most common species of Rattus, after the 
cosmopolitan brown rat R. norvegicus and black rat R. rattus. However, despite its wide 
distribution and great natural and economic importance, its acarofauna is poorly known. It 
has been found to host a species of demodecid mite that is new to science, Demodex 
exulantis sp. nov. which occurred in various areas of the hairy skin of the body. Demodecidae 
occupying analogous locations and with similar morphological features are typical skin 
parasites in other Muridae of Eurasian origin, including host species of the genera 
Apodemus, Mus and Bandicota. However, no such mite has previously been identified in 
hosts of the genus Rattus. The present study confirms the universality of this pattern of skin 
colonization of this group of rodents, i.e. with the dominant mite species associated with the 
hairy skin of the entire body. The identified model of skin infestation by co-occurring/ 
synhospital demodecid mites, with the dominant species inhabiting hair follicles, may be a 
universal pattern for Demodecidae colonizing all mammalian groups. The present discovery 
also constitutes the first record of Prostigmata skin mites in R. exulans, and we present a 
global checklist with an updated list of Demodecidae records in murids.
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Introduction

The Demodecidae (Acariformes: Prostigmata) are among the most specialized parasitic mites; they are usually 
host-specific, and often demonstrate great medical and veterinary importance. Among the mammals, the rodents 
of the Muridae family appear to be the best model for studying their biodiversity, because about 20% of all known 
species of these mites have been described in them (Izdebska & Rolbiecki 2020; Cierocka et al. 2024). This applies 
to Eurasian and cosmopolitan rodents (including synanthropic ones), whose evolutionary lineage reaches the area 
of Eurasia (Michaux et al. 2001; Zeng et al. 2017). They are therefore the best model for parasitological analyses 
concerning inter alia the functioning of host–parasite relationships for individual host species.

Among this group of hosts, demodecid mites demonstrate similar models of colonization and host micro
habitat use; typically, several specific (monoxenic) species co-occur in different host microhabitats, inhabiting the 
hair follicles of ordinary hair (occurring in the entire hairy skin of the body) and sensory hair (in the region of the 
head vibrissae), the region of the eyelid and eyeball, various regions of sparsely haired and hairless skin (e.g. 
auricles, nose, lips, feet, tail), the glands of the genital–anal region, auditory canals, and tissues of the oral cavity 
(gums, tongue) (Izdebska & Rolbiecki 2020). The highest numbers of co-occurring demodecid mites have been 
described so far in the house mouse (seven species of mites), the brown rat, the yellow-necked field mouse and 
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the long-tailed field mouse (five species each) (Bukva et al. 1992; Bukva 1995; Izdebska & Rolbiecki 2014, 2015a,  
2015b, 2016; Izdebska et al. 2014, 2016; Cierocka et al. 2024). Each individual mite species shows different infection 
parameters, depending on the extent of the occupied microhabitat and the possibility of transmission between 
hosts.

Undoubtedly, for an individual host, the dominant species with regard to numbers is that associated with the 
entire hairy skin of the body, e.g. Demodex musculi in the house mouse, D. corniculatus in the yellow-necked field 
mouse, D. apodemi sensu lato in the striped field mouse, or D. bandicotae in the greater bandicoot rat (Izdebska & 
Rolbiecki 2013, 2015b; Izdebska et al. 2017a, 2017b). These species exhibit substantial morphological similarity, 
which may result from adaptation to living in similar microhabitats. However, this also applies to features of 
taxonomic importance that have little or negligible adaptive significance and are likely plesiomorphic. The mites 
are usually characterized by very large, supracoxal spines with similar shapes and locations in individual species; 
they have a similar number and structure of spines on the palpi, or the structure and location of the opisthosomal 
organ (occurring only in males in this case) and the shape of the aedeagus in males (Izdebska 2012; Izdebska & 
Rolbiecki 2015b; Izdebska et al. 2017b). Representatives of these mite species usually occur in all, or almost all, 
members of the population, i.e. a prevalence often reaching 100%, with the highest infection intensity/density 
among co-occurring Demodecidae (Izdebska et al. 2017a; Cierocka et al. 2024). Hence, during the study of a new 
host, these species are usually discovered and described first (Izdebska 2012; Izdebska & Rolbiecki 2015b; Izdebska 
et al. 2017b). The detection of subsequent, rarer and less numerous taxa usually requires the study of a much 
larger sample of hosts from multiple locations (Cierocka et al. 2024).

Such a common model, i.e. of optimal colonization of different microhabitats within the host, has been 
noted in other studied species of the genus Apodemus. In such cases, a dominant species is always noted in 
the hairy skin, with rarer species found in the eye area, the region of the vibrissae, or the auditory canals 
(Izdebska & Rolbiecki 2013; Cierocka et al. 2024). A similar model of colonization by Demodecidae has been 
reported in the house mouse (Izdebska & Rolbiecki 2020).

It seems interesting whether the complete pattern of colonization of multiple microhabitats, with a 
dominant species occurring throughout the entire hairy skin of the body and several rarer species with 
narrow, restricted microhabitats, recorded in rodents of the genus Apodemus or Mus, is universal for Eurasian 
Muridae, and may also apply to hosts of demodecid mites of the genus Rattus.

Although the Demodecidae of the brown rat are relatively well understood, as noted in studies of 
individuals from different regions (Europe, North America), they did not demonstrate any species analogous 
to other demodecid mites of the Muridae occurring throughout the entire hairy skin of the body (Hirst 1918,  
1919; Desch 1987; Bukva 1995; Izdebska & Rolbiecki 2012a, 2014). Of the five species described here, two 
occupy limited microhabitats in the head area (D. ratti, D. ratticola), two are located in the genital–anal region 
(D. nanus, D. norvegicus), and another is found in the thinly haired skin of the paws and tail (D. ponderosus) 
(Bukva 1995; Izdebska & Rolbiecki 2014). In addition, Demodecidae have also been found in the black rat and 
the Malaysian field rat. The former was inhabited by D. nanus, recorded in the genital region and also noted 
in R. norvegicus (Hirst 1918; Desch 1987; Bukva 1995), and the latter was occupied by D. sabani, found in the 
Meibomian glands of the eyelids in several Asian rodent species (Desch et al. 1984). Both of these species 
require systematic revision, based on broader criteria currently used in the taxonomy of Demodecidae and 
the related verification of the host range.

Our present findings concern the Polynesian rat: the third most widespread rat species in the world, after 
the cosmopolitan brown and black rats. Although it comes from Southeast Asia, it is a very plastic species 
with a tendency to synanthropization; it has spread to various regions of Asia, the Malay Archipelago, the 
Philippines, Oceania, including New Guinea and New Zealand, and Polynesia, including Hawaii (Wilson & 
Reeder 2005). Despite its wide distribution and great natural and economic significance, as both an invasive 
species and a pest of agricultural crops and food storage, the acarofauna of this rat is poorly known. So far, 
from the group of so-called skin mites, only the sarcoptic mite Notoedres pahangi Klompen, Lukoschus, Fain 
et Nadchatram, 1983, recorded in various representatives of the genus Rattus, has been found in Polynesian 
rats, and only once (Bochkov 2010). However, no data exists on the occurrence of skin mites of Prostigmata 
(Giesen 1990; Izdebska & Rolbiecki 2020). Our present findings reveal the presence of a new species, 
Demodex exulantis sp. nov., in various areas of the hairy skin of the host. It also bears a set of specific features 
that match those of mite species that occupy analogous locations in rodents of the genera Apodemus, Mus 
and Bandicota.
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Material and methods

Four specimens of R. exulans from Laos (Vientiane Province, village Phonepheng, 18°17’0“N, 102°30’45”E, 3 
rats; village Thulakom, 18°16’57”N, 102°32’6”E, 1 rat) collected in May 2015 were examined for demodecid 
mites. Morphological characteristics and morphometry of rats were assigned for species identification in 
distinct specimens following Marshall (1988) and Aplin et al. (2003).

The rodent species of this study is not on the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) list or the International Union for Conservation of Nature (IUCN) Red List. 
Animals were treated in accordance with the guidelines of the American Society of Mammalogists, and 
within the European Union legislation guidelines (Directive 86/609/EEC). The trapping campaign was 
validated by the national health authorities as included in a rodent-borne disease survey. Approval notices 
for trapping and investigation of rodents were provided by the Ministry of Health Council of Medical 
Sciences, National Ethics Committee for Health Research (NHCHR) Lao PDR, number 51/NECHR.

Skin fragments (≈ 1 cm2) were taken from several body regions including head, back, abdomen, front 
limb, hind limb, genital–anal area, and tail. The skin samples were preserved in 70% ethanol. For the recovery 
of demodecid mites, skin fragments were digested in 10% potassium hydroxide solution as described 
previously (Izdebska 2004). The digest material was decanted (examination of 1 cm2 of the skin equal to 
the analysis of approximately 100 wet preparations), and examined using phase-contrast microscopy (Nikon 
Eclipse 50i). The mites were placed in polyvinyl-lactophenol solution. The following measurements were 
taken: total body length = length of gnathosoma, podosoma and opisthosoma; gnathosomal width (at base); 
podosomal and opisthosomal width = maximum width. All measurements are given in micrometres.

The specimen depositories are cited using the following abbreviation: UGDIZP, University of Gdańsk, 
Department of Invertebrate Zoology and Parasitology, Gdańsk, Poland (Zhang 2018). For the description of 
the species we adopted the nomenclature commonly used for the family Demodecidae (Nutting 1976), 
complemented with the nomenclature proposed by Bochkov (Bochkov 2008) for the superfamily 
Cheyletoidea (Acariformes: Prostigmata) and by Izdebska and Rolbiecki (2016). The scientific and common 
names of the hosts follow Wilson and Reeder (2005) and the Integrated Taxonomic Information System 
(2025).

To define the level of host infection, the following main parasitological parameters were measured: 
prevalence (percentage of hosts infected), mean intensity (mean number of parasites in infected hosts), 
intensity range (minimum and maximum number of parasite individuals per host), and density (number of 
parasites per unit area) (Bush et al. 1997).

The checklist of demodecid mites has been compiled based on manuscripts published during the period 
1897–2025. It also contains a new record, marked as the present study. The list includes all formally described 
demodecid mite species known to date and other functioning specific names. The study also includes 
information on the host species, as well as the occurrence and microhabitats of mites. Host records related to 
unidentified Demodex spp. have not been included.

Results
Taxonomy

Demodex exulantis Izdebska, Rolbiecki, Cierocka, Ribas et Morand (Table 1, Figures 1, 2)

Table 1. Body size (µm) for adults of Demodex exulantis sp. nov.

Morphologic features
Males (n = 201):  

Mean (range) ± SD
Females (n = 66):  

Mean (range) ± SD

Length of gnathosoma 
Width of gnathosoma (at base) 
Length of podosoma 
Width of podosoma 
Length of opisthosoma 
Width of opisthosoma 
Aedeagus 
Vulva 
Total length of body

25 (22–27) ± 1 
15 (14–19) ± 1 
62 (55–67) ± 2 
35 (30–40) ± 2 
126 (105–150) ± 9 
39 (30–45) ± 3 
23 (18–28) ± 2 

– 
212 (186–238) ± 10

24 (22–25) ± 1 
15 (13–17) ± 1 
62 (57–67) ± 2 
27 (23–31) ± 2 
131 (100–158) ± 13 
30 (23–36) ± 3 

– 
8 (5–10) ± 1 
217 (183–248) ± 13

SD - standard deviation.
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Figure 1. Demodex exulantis sp. nov.: (A) male, ventral view; (B) male, dorsal view, a – aedeagus; (C) female, ventral view, b – 
vulva; (D) female, dorsal view; (E) posterior part of opisthosoma with visible opisthosomal organ; (F) aedeagus; (G, H) claw 
on the leg, various views; (I) supracoxal spine (seta elc.p); (J) gnathosoma, male, dorsal view, c – supracoxal spine (seta elc.p); 
(K) gnathosoma, male, ventral view, d – spines on palps, e – seta v“F, f – pharyngeal bulb, g – subgnathosomal seta (seta n).
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Male (n = 200 and 1 holotype). Body elongated, cylindrical, with long, distinctly separated gnathosoma, 
212 μm (186–238 μm) long and 39 (30–45 μm) wide (holotype, 212 × 43 μm). Gnathosoma trapezoidal, 
distinctly longer than width at base; on dorsal side in the central part of basal segment, pair of wedge- 
shaped supracoxal spines (setae elc.p) present, ca. 6–7 long (holotype, 4.0), directed medially, overlapping 
each other. Palps 3-segmented, terminating in three spines: one small, denticled and two large (one single 
and one bifurcated) on tibio-tarsus; also setae v“F present on middle segment (trochanter-femur-tarsus). On 
ventral surface of gnathosoma, horseshoe-shaped pharyngeal bulb, with pair of very small subgnathosomal 
setae (setae n), situated halfway along pharyngeal bulb on both sides. Podosoma rectangular; four pairs of 
short legs with coxa integrated into ventral idiosomal wall and five free, overlapping segments (trochanter– 
tarsus); two bifurcated claws, ca. 4 μm long (holotype, 4.0 μm), with sharp, slightly downwardly curved 
subterminal spur, with proximal pointed projection on each tarsus; additionally two tubercles at base of each 
claw. Two solenidia on each leg genu. Epimeral plates (coxal fields) connect medially, distinctly sclerotized, I 

Figure 2. Demodex exulantis sp. nov.: (A) male; (B) female; (C) female with visible remains of nymphal exuviae (arrows).
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pair trapezoidal, II-IV pairs rectangular. On dorsal side of podosoma distinct sclerotized podosomal shield, 
reaches anterior level of legs III. Opisthosoma constitutes 59% (56–63%) of body length (holotype, 59%); 
elongated, cylindrical or slightly fusiform, slightly tapered towards end, rounded at the end. Whole opistho
soma densely annulated, delicate annuli wide at ca. 2 µm. Opisthosomal organ tubular, elongated, cane- 
shaped, ca. 30–40 μm long (holotype, 35 μm), posterior margin located at 30 μm (holotype, 30 μm) from end 
of opisthosoma. Aedeagus elongated, 23 μm (18–28 μm) long (holotype, 24 μm), on dorsal surface, located at 
level of epimeral plates II–IV; genital opening located in posterior part of epimeral plate II.

Female (n = 60). Cylindrical, more slender than male, 217 μm (183−248 μm) long, 30 μm (23−36 μm) wide. 
Gnathosoma shape similar to male, trapezoidal, longer than width at base. Pharyngeal bulb and morpho
logical details of gnathosoma similar to those in female, often more delicate (e.g. slightly smaller supracoxal 
spines, ca. 5–6 μm). Shape of podosoma and legs similar to those in male: connected medially, distinctly 
sclerotized, I pair trapezoidal, II–IV pairs rectangular, but unlike those in the male posterior edges of pair IV 
form slight incision. On dorsal side of podosoma podosomal shield present, reaches level of legs III. 
Opisthosoma constitutes 60% (55–64%) of body length; narrow, cylindrical, slightly tapered towards end, 
rounded at the end. Whole opisthosoma distinctly annulated, annuli relatively wide at ca. 3–4 µm. 
Opisthosomal organ missing. Vulva 8 μm (5−10 μm) long, located below posterior level of epimeral plates IV.

Immature stages. Only adults were found in the remains of nymphal exuviae; a few larvae (two indivi
duals) and nymphs (five individuals) were noted, but without visible features enabling stage identification.

Egg. No eggs were found.

Material deposition

Holotype male (reg. no. UGDIZPRReDDe142m), 200 male paratypes (reg. no. UGDIZPRReDDe01m–141 m, 
UGDIZPRReDDe143m–201m) and 66 female paratypes (reg. no. UGDIZPRReDDe01f–66f); hairy skin of the 
body (head, back, abdomen, limbs, genital–anal area, root of the tail); host Rattus exulans (reg. no. 
MRMRe510/♂/2015, MRMRe511/♀/2015, MRMRe520/♀/2015); Vientiane Province, village Phonepheng, vil
lage Thulakom, Laos; May 2015; parasite coll. J.N. Izdebska, L. Rolbiecki, K. Cierocka; host coll. A. Ribas, S. 
Morand; the whole-type material (mounted microscope slides with the demodecid mites) deposited within 
the framework of the Collection of Extant Invertebrates in the Department of Invertebrate Zoology and 
Parasitology, University of Gdańsk, Poland.

Etymology

The specific epithet exulantis refers to the specific name of the host.

Infestation and location in the host

Demodex exulantis sp. nov. was noted in three out of four examined rats (prevalence 75%), with a mean 
intensity of 91.3, range of intensity of 8–251, and density of 18.3; 274 (201 males, 66 females, two larvae, five 
nymphs) individuals were noted (Table 2). The demodecid mites were found in various areas of the hairy skin 
of the body (head ×78, back ×15, abdomen ×11, front limbs ×26, hind limbs ×50, genital–anal area ×83, root 
of the tail ×11) (Figure 3). Infected rats were from Phonepheng (2 infected rats and 266 mites) and from 

Table 2. Density of Demodex exulantis sp. nov. found in the skin of the Rattus exulans.

Body regions  
(n = 4 rats*)

Demodex exulantis sp. nov.

Number of parasites Number of infected host/skin samples Density

Head 78 3 26.0
Back 15 2 7.5
Abdomen 11 2 5.5
Front limbs 26 3 8.7
Hind limbs 50 2 25.0
Genital–anal area 83 2 41.5
Tail (root) 11 2 11.0
Total 274 15* 18.3

*A skin fragment of ≈ 1cm2 was examined from any body region in the individual rats.
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Thulakom (1 infected rat and 8 mites). The observed mites did not cause any skin lesions in the examined 
rats.

Differential diagnosis of Demodex exulantis sp. nov.

Demodex exulantis sp. nov. from R. exulans is morphologically similar to D. bandicotae from B. indica (Izdebska 
et al. 2017b).

Demodex exulantis sp. nov. females are similar in size to D. bandicotae females, while the males are 
distinctly larger, with a longer opisthosoma (Table 3). Both species exhibit distinct sexual dimorphism, 
but in D. exulantis sp. nov., the female is similar in length to the male, albeit with different body 
proportions (narrower, more slender) and different opisthosoma striations: dense, delicate in the male, 
but distinct; while in the female, with annuli twice as wide. In D. bandicotae, the male is distinctly smaller 
than the female. The differences between these species concern also important structures of the 
gnathosoma. The supracoxal spines of both species are large and wedge-shaped, but in D. exulantis 
sp. nov. they are slightly larger, more massive, and have a rounded thickening in the anterior part; 
additionally, they are located in the middle part of the gnathosoma, directed towards the centre, where 
they slightly overlap. The supracoxal of D. bandicotae are also wedge-shaped, but narrower, located 
similarly, but not overlapping in the middle part of the gnathosoma. In both species, the terminal 
segments of the palpi present three spines (one small and two larger), but in D. exulantis sp. nov. the 
small spine is denticled, and in D. bandicotae it is bifurcated. The subgnathosomal setae in D. exulantis 

78, 28%

15, 6%

11, 4%
26, 10%50, 18%

83, 30%

11, 4%

Head Back Abdomen Front limb Hind limb Genital-anal area Tail (root)

Figure 3. Location (number, %) of Demodex exulantis sp. nov. in Rattus exulans.

Table 3. Morphometric comparison between Demodex exulantis sp. nov. and Demodex bandicotae.
Demodex exulantis sp. nov. Demodex bandicotae

Present study Izdebska et al. (2017b)

Feature Males (n = 201) 
Mean (range) ± SD

Females (n = 66) 
Mean (range) ± SD

Males (n = 4) 
Mean (range) ± SD

Females (n = 24) 
Mean (range) ± SD

Body total length 212 (186–238) ± 10 217 (183–248) ± 13 167 (143–180) ± 17 231 (190–253) ± 15
Body total width 39 (30–45) ± 3 30 (23–36) ± 3 34 (33–38) ± 3 33 (28–38) ± 2
Body length to width ratio 5.5:1 (4.7–6.9:1) ± 0.4:1 7.2:1 (5.7–9.0:1) ± 0.8:1 5.0:1 (3.8–5.5:1) ± 0.8:1 6.9:1 (5.6–8.2:1) ± 0.6:1
Opisthosoma length to body length ratio (%) 59 (56–63) ± 2 60 (55–64) ± 2 53 (51–58) ± 3 61 (54–66) ± 2
Aedeagus length 23 (18–28) ± 2 – 26 (23–30) ± 3 –
Vulva length – 8 (5–10) ± 1 – 9 (7–18) ± 2

SD - standard deviation.
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sp. nov. are located on both sides in the middle part of the pharyngeal bulb, while they are below the 
pharyngeal bulb in D. bandicotae. The tubular opisthosomal organ occurs in males of both species: it is 
longer, usually bent in the shape of a cane, in D. exulantis sp. nov., while it is L-shaped in D. bandicotae. 
Parasitological data also confirm the distinctness of this species: D. exulantis sp. nov. occurs in R. exulans, 
while D. bandicotae is found in B. indica.

Biodiversity of Demodecidae in Muridae

Of the 15 murid species (representing seven genera) studied so far, 28 Demodecidae species have been 
documented. The highest species richness (seven species) was found in the house mouse (Table 4).

Discussion

The studied mites demonstrated a similar pattern of colonization of skin microhabitats as previously 
examined Demodecidae in murid rodents (Apodemus spp., M. musculus). The mites optimally use the host 
body as a living environment for co-occurring species (Table 4). In each case, the dominant parasite was 
always the species associated with the entire hairy skin of the body, and this was accompanied by rarer 
species associated with limited microhabitats and lower infestation rates; they were hence discovered later 
(Izdebska et al. 2023; Cierocka et al. 2024). Similar demodecid mites were also discovered in the hairy skin of 
the Asian murid – B. indica (Izdebska et al. 2017b). So far, no analogous method of skin colonization by 
demodecid mites has been confirmed in the genus Rattus, where the model host was R. norvegicus: one of 
the two most common and most widely distributed species of rats. In the rat specimens examined earlier, 
which came from Europe (Great Britain, Czech Republic and various locations in Poland) and the USA, five 
species of Demodecidae were described. All were recorded in Europe, and two species have been recorded 
so far in the USA. The most data had been obtained from Poland, where a fifth species associated with the 
hairless skin of the paws and tail was recently discovered (Izdebska & Rolbiecki 2014). Of this set of species, 
only D. ratti demonstrates the model of skin colonization observed in other Muridae by various synhospital 
demodecid mites. It is located in the eyelid region, similarly to D. huttereri from A. agrarius, D. lacrimalis from 
A. sylvaticus, D. mollis from A. flavicollis, or D. sabani from various Asian murids. The brown rat originates from 
Southeast Asia and only in the Middle Ages did it begin to spread to other regions, becoming a cosmopolitan 
species (Cierocka et al. 2024). Perhaps the composition of the Demodecidae fauna in different regions of its 
occurrence is not complete, and this may result, for example, from the founder effect. To clarify this issue, it 
would be necessary to examine rats from the original regions of occurrence.

Our present data derives from the third most widespread species of rat in the world, the Polynesian rat, 
and represents the first such data on the presence of Demodecidae. Our analysis of four rat specimens has 
already allowed the discovery of a new species, inhabiting different areas of hairy skin. The level of D. 
exulantis sp. nov. infection in the examined rats was high, being recorded in three out of four examined rats, 
with a relatively high intensity and density of infection, with a mean number of 18 and 90 and specimens in 
the examined host/skin fragments, respectively. However, the infection varied between individual hosts: a 
dozen mites were found in each of two rats, while 251 (185 males, 59 females, two larvae, five nymphs) were 
noted in the third. However, similarly to the case of infection with other wild Muridae, no disease symptoms 
have been observed at present. Skin lesions associated with the presence of demodecid mites have so far 
been reported only in farm/laboratory mice (Nashat et al. 2017).

The distribution of D. exulantis sp. nov. in the skin was uneven – most specimens were found in the head 
region and posterior parts of the body (genital–anal region, hind legs). This may be related to the transmis
sion mechanism of these parasites, i.e. in inter-individual contacts, including sexual contacts. The population 
structure was also interesting, in which males dominated over females (proportion 3:1). As a rule, in the 
Demodecidae, the population structure is dominated by females or demonstrated similar proportions of 
females and males; this also applies to other species from Rattus, as well as other Muridae (Izdebska & 
Rolbiecki 2012b). In the current analysis, however, almost exclusively adults were found, with only a few 
larvae and adults being noted in the remains of the nymphal exuviae, so perhaps only one stage of the 
population functioning/development was observed.
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Methodical studies of Demodecidae are very laborious – detecting asymptomatic infestation in the skin of 
mammals requires the analysis of thousands of wet slides (see the section on Material and methods). The 
asymptomatic course of infestation, microscopic size and hidden lifestyle of these mites, with limited 
location within the host and, as a rule, low levels of infection, make their detection difficult. As such, rodents 
seem to be a convenient model for studying the distribution of co-occurring species of demodecid mites in 
the skin, due to their small size (smaller skin surface area) and common occurrence, which determines 
greater availability of materials/parasites.

It is not known to what extent the patterns of Demodecidae infestation correspond to the 
location of these mites in the skin of other groups of mammals. However, a number of analogies 
can be identified. In other rodents (e.g. cricetids), soricomorphs, bats, carnivorans, ungulates, or 
primates, the dominant species is also associated with the hairy skin of the body (Raszeja-Kotelba et 
al. 2004; Izdebska et al. 2013; Izdebska & Rolbiecki 2018; Cierocka et al. 2021, 2022, 2024). The 
second universal location seems to be the eyelid area (Meibomian glands of the eyelids), because in 
addition to the species of Muridae mentioned above, other species are also identified in this area in 
bats and ungulates (Kadulski & Izdebska 1996; Cierocka et al. 2022). In the Muridae, another 
frequently chosen location is the area of the vibrissae or lips, the colonization of which has also 
been reported in carnivorans or soricomorphs (Cierocka et al. 2021; Izdebska et al. 2023). In turn, 
species analogous to those inhabiting the nose in the murids have been recorded in ungulates, and 
in the auditory canals in carnivorans (Morita et al. 2018; Izdebska et al. 2022). Also, the other 
microhabitats identified in murids are confirmed by the fact that similar locations are selected by 
demodecid mites in other groups of mammals. It can therefore be assumed that the model of 
settlement of various microhabitats observed in this common group of Muridae (Figure 4) may be a 
universal pattern, shaped in the course of evolution of Demodecidae, and the formation of sub
sequent host–parasite relationships in different hosts.

In summary, understanding the full model of skin colonization of rodents of the genus Rattus requires 
further, extensive studies based on larger material collections and specimens from different geographical 
regions. However, current studies indicate a universal mechanism of the formation or evolution of host– 
parasite relationships, in which related hosts (in this case Eurasian Muridae) present morphologically similar 
species inhabiting analogous microhabitats.

Figure 4. Model of skin infestation by demodecid mites in mammals.
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