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ABSTRACT 

The specificity of endotrophic parasitism of 
ereynetid mites is mostly related to their habitation 
in the mucous parts of the nasal cavity of verte-
brates. With no doubt, the origin of obligate para-
sitism of ereynetids is connected with their pread-
aptation to feeding on decomposing organic sub-
strates, which are rich in proteins. It is confirmed by 
facultative parasitism of the recent myxotrophic 
forms of ereynetids. An evolution of olfactory 
organs of the potential hosts could, to a considera-
ble extent, canalize adaptive changes of the gnath-
osoma of parasitic ereynetids towards their spe-
cialization to the blood feeding. The extreme de-
gree of specialization of these parasites is well 
demonstrated by the optimization of their ontogen-
esis and the decreased number of active stages in 
the life cycle. Their occupation of the nasal cavity 
as ecological niche was apparently followed by 
wide irradiation of species onto different groups of 
vertebrates. It made it possible for them, in a certain 
sense, to avoid the evolutionary deadlock and to 
save high hostal specificity as well as the topical 
one. In general, the formation of cavitary parasit-
ism in the Ereynetidae as a progressive phenome-
non in their evolution resulted not only in the 
considerable widening of the mite initial adaptive 
zone, but also in maximal stabilization of their 
environment. 

РЕЗЮМЕ 

Специфичность эндопаразитизма эрейне-
тид связана, прежде всего, с их обитанием в 
ослизненных отделах носовой полости позво-
ночных животных. Возникновению облигат-
ного паразитизма в этой группе клещей, безус-
ловно, способствовала их преадаптация к пита-
нию разлагающейся органикой, богатой белка-
ми, что подтверждается факультативным 

паразитизмом рецентных миксотрофных форм. 
Эволюция органов обоняния потенциальных 
хозяев могла, в значительной мере, канализи-
ровать адаптивные изменения гнатосомы пара-
зитических эрейнетид в направлении их специ-
ализации к питанию кровью. Крайняя степень 
специализации этих паразитов проявилась в 
оптимизации их онтогенеза путем сокращения 
числа активных стадий жизненного цикла. Ос-
воение ими назальной полости как экологичес-
кой ниши, по-видимому, сопровождалось широ-
кой иррадиацией видов на различные группы 
позвоночных животных. Это позволило им, в 
определенном смысле, избежать эволюцион-
ного тупика, одновременно сохранив высокую 
гостальную и топическую специфичность. В 
целом, становление полостного паразитизма 
эрейнетид как прогрессивное явление в их эво-
люции привело не только к значительному рас-
ширению исходной адаптивной зоны этих кле-
щей, но и позволило максимально стабилизи-
ровать среду их обитания. 

INTRODUCTION 

The family Ereynetidae Oudemans, 1931 in-
cludes both free-living and parasitic mites with most 
species belonging to the second group. Mainly, they 
are obligate parasites of the nasal cavity of mammals 
and birds (the subfamily Speleognathinae) and, to a 
lesser extent, amphibians (the subfamily Lawren-
carinae). A few parasites of pulmonate molluscs are 
known as well (the subfamily Ereynetinae) with all 
free-living ereynetids being also placed to this group. 
They can be found in various situations on higher 
plants, mosses, mushrooms, lichens, upper layers of 
soil and forest floor. These mites prefer decompos-
ing organic substrates of plant and animal-origin 
such as manure, guano and compost as well as the 
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holes and nests of various animals and birds [Fain, 
1964; Hunter et al., 1989]. 

In the former USSR the research on ereynetids 
was initiated by Vsevolod Dubinin, who described 
a new genus of these mites inhabiting the eye 
mucosa of the grey heron [Dubinin, 1957]. The 
outstanding scientist put the basis of research on 
this and some other important groups of endonasal 
mites, particularly of the family Turbinoptidae 
Fain, 1957 [Dubinin, Snegireva, 1957]. He consid-
ered that it is necessary to study the whole complex 
of endoparasitic mites, which are deeply adaptable 
to the habitat [Dubinin, 1951; Dubinina, 1972; 
Mironov, 1984]. 

Free-living ereynetids can apparently have a 
parasitic life-style retaining the complete develop-
mental cycle, which is attributive for them. This 
can be proved by the facts of finding these mites in 
the nasal cavity of birds [Fain, Nadchatram, 1962] 
and also on the gills of some land crabs [Hunter, 
Poe, 1971; Fain, Goethem, 1978]. In this connec-
tion, it is considered that due to the high biological 
flexibility [Fain, 1969] the transfer of free-living 
forms to parasitism can be achieved comparatively 
easily during several or even one generation of 
mites [Fain, 1965; Ну land, 1979]. Meanwhile it is 
known that the specialization of parasitic groups of 
ereynetids went by a way of considerable decreas-
ing of their ontogenesis [Akimov, Zabludovskaya, 
2001] and, thereby, parasitism of free-living forms 
may be accidental. Thus, the aim of this work is to 
find out the possible reasons and mechanisms of 
origin of the obligate endocavitary parasitism 
[Balashov, 1981] in this family of Prostigmata. To 
solve this problem, the original data on compara-
tive morphology, biology and ontogenesis of fol-
lowing ereynetid species were taken: Ereynetinae 
— Ereynetes gandensis Fain et Bafort, 1973 and 
Riccardoella oudemansi Thor, 1932; Lawrencari-
nae — Lawrencarus eweri dahuricus Zab lu-
dovskaya, 1992; Speleognathinae — Boydaia psa-
lidoprocnei Fain, 1956, Coboydaia clavata (Fain, 
1955) and Speleorodens michigensis (Ford, 1962) 
[Zabludovskaya, 1991,1992,1994, 1999; Badanin, 
2000; Akimov, Zabludovskaya, 2001]. 

NASAL CAVITY AND ITS SPECIFICITY AS THE 
HABITAT FOR PARASITIC EREYNETIDS 

Nasal cavity as an adaptive zone is quite attrac-
tive not only for two specialized ereynetid groups 
(Lawrencarinae, Speleognathinae) but also for 
representatives of some other families of parasitic 
mites including remote ones (Trombiculidae Ewing, 

1944; Gastronyssidae Fain, 1957; Turbinoptidae 
Fain, 1957 and Rhinonyssidae Trouessart, 1895). 
The characteristic of ereynetids is that they are found 
nearly nowhere but in the mucous olfactory parts of 
the nasal cavity and, possibly, that is why they have 
high hostal specificity. The lawrencarin mites, which 
are the parasites of amphibians, are usually found on 
the vaults of nasal chambers and rarely on the 
olfactory tubercle. Meanwhile speleognathins of 
birds occupy anteroventral chamber of the nasal 
cavity, covered with olfactory epithelium. The liv-
ing conditions of speleognathins of mammals are 
characterized by much more stable temperature and 
humidity due to the fact that respiratory and olfacto-
ry parts of the nasal cavity of hosts are partly 
separated from each other by the outgrowth of the 
lateral wall [Gurtovoi, 1966]. 

Thereby, specificity of localization and living 
activities of ereynetid mites in the nasal cavity is 
determined by its structural peculiarities as well as 
the development degree of its epithelioid receptor 
layer in which olfactory glands are located [Bron-
stein, 1977]. Mucus, made by these glands, is an 
important environment-forming factor and, seem-
ingly, may serve also as the calorie-rich nutritional 
substrate, containing proteins and polysaccharides. 
The upper layers of mucus are more liquid and 
movable unlike the inner ones, which can be rather 
compressed due to the resorption of water by sup-
porting cells of the epithelium. The average thick-
ness of the whole layer is about 20 jam. In addition, 
viscosity, flexibility and penetrability of the mucus 
depend on the content of glycoproteins, which keep 
cations and water and stabilize its gelatinous con-
dition [Bronstein, 1977; Gladysheva et al., 1982]. 
The histochemical surveys of the olfactory mucus 
showed its multicomponentness, especially in ter-
restrial mammals. Apart from polysaccharides, 
proteins and lipids, it contains K+ and Na+ ions and 
the concentration of the second ones in the mucus 
is similar to their titer in the blood plasma. At the 
same time olfactory mucus, produced by Bow-
man's glands of birds, is quite poor in protein 
[Bronstein, 1965, 1977]. In this connection, spe-
leognathins of birds have likely to supply protein 
deficit mainly, at the expense of blood nutrition as 
it was supposed for passerine parasites (Boydaia 
nigra) and was proved earlier for the other groups 
of ereynetids such as lawrencarins or ereynetins 
parasitizing the slugs [Baker, 1970, 1971, 1973]. 

Though majority parasitic ereynetids appeared 
to live in the mucous nasal cavities of their hosts, it 
is not certain that all these mites must be only the 
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Character 

Table 
Some dimensioned features of the gnathosoma of ereynetid mites, jum 

Таблица 
Некоторые размерные характеристики гнатосомы клещей-эрейнетид, мкм 

Ereynetinae Lawrencarinae Speleograthinae 

E. gandensis R. oudemansi L. eweri dahurìcus C. clavata S. michigensis 
Hypostome length M (mx) 
Hypostome width M (mx) 
Cheli с era length M (ira) 
Chelicera width M (mx) 
Length of movable digit of 
chelicera M (mx) 

83.0 (1.2) 
63.4 (2.2) 
77.3 (1.2) 
54 (2.3) 

59.4 (0.3) 
58.3 (0.3) 
50.0 (0.2) 
40.6 (0.2) 

31.2(1.6) 24.0(0.1) 

79.3 (2.8) 
61.2 (0.2) 

66.0 (0.4) 
50.2 (0.7) 

24.6 (0.2) 

73.0 (0.7) 
71.6 (0.7) 
55.2 (0.3) 
49.5 (0.2) 

8.5 (0.1) 

38.6 (1.9) 
57.4 (9.7) 
28.0 (0.0) 
28.4 (9.7) 

5.0 (0.0) 

mucus feeders or conversely blood-sucking ones. 
While living in the similar sufficiently stable hab-
itat (especially in the nasal passages of homoio-
thermal animals), they can have various abilities 
for the preoral (extraintestinal) digestion resulting 
from ejection of the salivary secretions on the host 
tissue. This may leads to the establishment of a 
tissue canal (stylostome) in the host skin as it was 
described in Riccardoella limacum parasitizing the 
mantle cavity of slugs [Baker, 1970, 1973]. On the 
other hand, such a mode of the nutrition may be 
characteristic of only a few blood-sucking erey-
netids. So, another slug parasites, including close 
species R. oudemansi, seem have no any stylos-
tome-like structures which could be involved in 
their feeding [Raut, Panigrahi, 1991; Badanin, 
2000]. 

COMPARATIVE MORPHOLOGICAL ANALYSIS 
OF THE GNATHOSOMA OF EREYNETID 

MITES 

The important biological feature of ereynetids 
is a considerable variety of their modes of life, 
though they have a rather similar habitus, at first 
glance. In this connection the high hostal specificity 
of parasitic forms, despite similar character of their 
nutrition and habitat, can indicate, on the contrary, 
existence of certain morphological differences be-
tween them. By analogy with other groups of para-
sitic mites such differences can be connected, first of 
all, with their adaptations to the habitat. Its specifi-
city, as stated above, completely depends on the 
features of localization and functional activity of the 
mucous olfactory parts of the host-feeder's nasal 
cavity. Thereby, parasitic ereynetids have likely to 
possess certain nutritional adaptations connected 
with the specialization of their gnathosoma. Special 
features of the gnathosoma structure have been 
studied only in one or two species parasitizing slugs 

[Turk, Philips, 1946; Baker, 1970, 1973; Zablu-
dovskaya, 1991; Badanin, 2000]. 

The clear tendency for changing of linear 
proportions of ereynetids' gnathosoma is observed 
in their comparative morphological row from free-
living to parasitic forms. In particular, hypostomal 
part of gnathosoma changes from 83x64 Jim (Erey-
netes) to 38x57 Jim (Speleorodens) (Table; Fig. 1; 
hs). Some differences in gnathosomal proportions 
can already be seen among free-living ereynetids. 
So, the species occupying animals' habitations as 
well as the substrates resulted from their living 
activities have, as a rule, rather short and wide 
ghathosoma compared with ereynetids, which in-
habit moss and forest floor. 

One of the obvious features of gnathosomal 
specialization found in parasitic ereynetids is the 
development of apical lobes of the hypostome (Fig. 
1 ; hi, hs). The formation of such kind of sucker-like 
structures, strengthened by sclerite complex, in the 
course of evolution is definitely connected with 
specific features of mite feeding in the nasal cavity 
of hosts. Possibly that is why representatives of 
speleognathines, living in plentifully mucous ol-
factories of mammals, have mostly developed hy-
postomal lobes (Fig. 1, 4; hi, sc). This can also 
explain rather contrasting differences of ereynetid 
chelicerae: the length of stylet-like movable digit 
of speleognathins parasitizing rodents makes up 
only 5 Jim whereas free-living mites have it 31 Jim 
long (Table; Fig. 2; dm). Thus the evolution of 
olfactory organs of various vertebrates could, to a 
large extent, canalize the adaptive changes of the 
gnathosoma of parasitic ereynetids. 

The above mentioned structural modifications 
of gnathosoma can be united by principle of func-
tioning of piercing mouth apparatus, which is spe-
cialized to sucking the blood, hemolymph or possi-
bly (as in free-living ereynetids) organic materials, 
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Fig. 1. Morphological characteristics of hypostome in free-living and parasitic ereynetids: 1 — E. gandensis, 2 — R. oudemansi, 
3 — L. eweri dahuricus, 4 — S. michigensis, 5 — C. clavata\ ch — chelicera, df — fixed digit of chelicera, dil. ph — dilator muscles 
of pharynx, hi — hypostomal lobe, hs — hypostome, pa — pedipalp, ph — pharynx. Bars — 50 (im. 

Рис. 1. Морфологические особенности гипостома свободноживущих и паразитических клещей-эрейнетид: 1 — Е. 
gandensis, 2 — R. oudemansi, 3 — L. eweri dahuricus, 4 — S. michigensis, 5 — C. clavata; ch — хелицера, d f — неподвижный 
палец хелицеры, dil. ph — дилататоры глотки, hi — лопасть гипостома, hs — гипостом, pa — педипальпа, ph — глотка. 
Длина отрезков — 50 мкм. 

including decomposing ones, which could be rath-
er mucous on their consistence. The obvious keep-
ing of generalized type of gnathosomal structure in 
this group of endoparasites, majority of which must 
be hematophagous, may point at existence of an-
other adaptive mechanisms. In particular, it may be 
related to specialization of the pharynx (Fig. 1; ph) 
or the mid-gut itself, which transformations can 
play the leading role in evolution of trombidiform 
mites [Mitchell, 1970]. The development of specif-

ic ways of feeding caused by the changes of food 
characteristics is certainly connected with reorgan-
ization of skeletal-muscular system of the gnatho-
soma despite the fact that the changes of muscula-
ture itself being rather conservative [Akimov, Yas-
trebtsov, 1988, 1991; Akimov et al., 2000, 2002]. 
So, the trophic specialization of ereynetid mite R. 
oudemansi, the facultative ectoparasite of slugs, 
might be accompanied by similar strictly directed 
changes of the chelicerae and pharyngeal pump. 
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Fig. 2. Morphological characteristics of chelicerae in free-living and parasitic ereynetids: 1 a, b — E. gandensis, 2 — R. oudemansi, 
3 — L. eweri dahuricus, 4 — S. michigensis, 5 — C. clavata; beh — basal article of chelicera, d f — fixed digit of chelicera, dm 
— movable digit of chelicera. Bars — 50 ц т . 

Рис. 2. Морфологические особенности хелицер свободноживущих и паразитических клещей-эрейнетид: la, b — E. 
gandensis, 2 — R. oudemansi, 3 — L. eweri dahuricus, 4 — S. michigensis, 5 — C. clavata', beh — базальный членик хелицеры, 
df — неподвижный палец хелицеры, dm — подвижный палец хелицеры. Длина отрезков — 50 мкм. 

Though this species on its biological particu-
larities is much nearer to free-living myxotrophic 
forms than to parasitic ereynetids [Zabludovskaya, 
1991; Badanin, 2000]. 

BIOLOGICAL FOUNDATIONS OF 
EREYNETIDS ENDOPARASITISM 

In general, the formation of endotrophic para-
sitism of ereynetids can be characterized as a tran-
sition to permanent inhabiting in the mucous olfac-
tory parts of the host nasal cavities and feeding on 
the high-calorific liquids loke a blood. The certain 
tendency for selectivity to the fluid food as well as 
habitat is observed even among the least special-
ized ereynetids (particularly, from the genus Erey-
netes, Ereynetinae) drawn towards decomposing 
organic substrates rich in animal proteins. In addi-
tion, these mites are capable to parasitize the nasal 
cavity of birds and keep herewith the full cycle of the 
development, which is characteristic for free-living 

forms [Fain, Nadchatram, 1962]. Possibly, just myxo-
trophic nutrition was the important preadaptation 
that provided the transition of some ereynetid groups 
to obligate parasitism. As a whole, the progressive 
evolution of these parasites was most likely deter-
mined by only specificity of their habitation in the 
nasal cavity of the hosts. 

The transition of free-living ancestral forms of 
lawrencarins and speleognathins to endotrophic 
parasitism was not followed by fundamental changes 
of the natural habitat (adaptive zone) of these soft 
mites sensitive to drying and that is why drawn to 
humid biotopes [Thor, 1932; Grandjean, 1939; 
Fain, 1964, 1976]. In this respect, the way of life of 
myxotrophic forms, drawn to mucous nutritional 
substrates, is very similar to the living conditions of 
parasitic ereynetids occupying the mucous parts of 
the nasal cavity of hosts. Possibly, exactly so some 
recent species of ereynetids, inhabiting nests or 
holes of various vertebrates, can easily parasitize 
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on them as this was shown when studying the birds 
[Fain, Nadchatram, 1962]. In this connection, it is 
clear why the evolution of parasitic groups of 
ereynetids was not followed by any considerable 
changes of their habitus. Only visible adaptive 
regression of size of their gnathosoma, chelicerae, 
legs and chaetom has taken place [Akimov, Zablu-
dovskaya, 2001] and miniaturization processes in-
fluenced most of all on extremely specialized spe-
leognathins of birds and mammals. The high hostal 
specificity of these parasites as well as lawrencarin 
mites is determined, first of all, by specific charac-
ter of their trophic and topical niches. In turn, this 
is, certainly, associated with the above tendences 
of adaptive changes of ereynetids gnathosoma. 

Specialization of ereynetids towards endopara-
sitism was shown up not only on morphological 
level but also in significant decreasing their on-
togenesis [Akimov, Zabludovskaya, 2001]. It has 
occurred on account of elimination of active period 
[Sitnikova, 1978] in the course of all the nymphal 
stages (speleognathins) or even the reduction of 
separate ones, for instance, deutonymph of lawren-
carins. In general, the quiescent (calyptostasic) 
instars of ereynetids do not undergo the histolysis 
of most internal organs that provides the continuity 
of morpho-functional changes of their organism. 
Hence, such optimization of mites' ontogenesis is 
not connected with their metamorphosis as is shown 
in details for trombiculid (chiggers) mites [Sha-
trov, 2000]. 

The progressive evolutionary reduction of the 
life cycle of speleognathins, under which is ob-
served, mainly, viviparity [Fain, 1972; Akimov, 
Zabludovskaya, 2001] but active only larva and 
imago, probably, was due to high stability of their 
living conditions in the nasal cavity of host. The 
high degree of specialization of these mites, espe-
cially speleognathins of mammals, may be also 
seen in the most significant changes of their gnath-
osoma. These are maximal development of the 
hypostomal lobes as well as an existence of only 3 
palpal articles (Fig. 1 ; pa) instead of 4-5 typical for 
free-living forms [Fain, Goethem, 1986]. Much 
less specialized in this plan seem lawrencarin mites 
since their life cycle, in spite of the absence deu-
tonymphal instar, is very similar to ontogenesis of 
free-living ereynetids. Though as for special struc-
tural features lawrencarins are nearer speleognath-
ins [Akimov, Zabludovskaya, 2001]. In this con-
nection, the existence of both obligate and faculta-
tive parasites of terrestrial molluscs may be else 
more interesting due to the keeping by them of full 

cycle of the development [Zabludovskaya, 1991, 
1994; Akimov, Zabludovskaya, 2001]. 

The degree of ereynetids specialization to cav-
itary parasitism [Balashov, 1981 ], on the one hand, 
may be estimated as for the type of their develop-
ment which decreasing can be the result of embry-
onization, reduction of some active instars and 
juvenilization. On the other hand, this emphasizes 
only specific of host-parasite relationships of erey-
netids but not the qualitative different levels of 
adaptations of their ontogenesis to endotrophic 
parasitism. At the same time, parasitic mode of life 
of some mites occupying the mantle cavity of 
terrestrial molluscs is, possibly, the blind trend of 
ereynetids evolution as judged by quite little number 
of these parasites. Lawrencarin mites are also not 
numerous though their habitat is connected only 
with olfactories of amphibians. Occupying of the 
nasal cavity as ecological niche was, probably, 
accompanied by wide irradiation of parasitic erey-
netids onto different groups of vertebrates, that has 
allowed them, in a certain sense, to avoid the 
evolutionary deadlock while keeping high hostal 
and topical specificity. Herewith the principal re-
duction of these mites ontogenesis has, probably, 
occurred only due to their transition to parasitic 
living in plentifully mucous nasal cavity of homoi-
othermal animals with the most favourable and 
stable conditions for habitation. Thus, it may be 
considered as the main result of the progressive 
evolution of parasitic ereynetid mites. 
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