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Feather mites (Astigmata: Pterolichoidea and An-
algoidea) are the most common ectosymbionts asso-
ciated with birds and develop their entire life cycle on 
their hosts. The approximately 2 500 species described 
to date have been reported from all recent avian orders 
(Gaud and Atyeo 1996, Proctor 2003, Mironov and Proc-
tor 2008). The majority of known feather mite species 
live permanently on the surface of wing feathers, where 
they feed on uropygial gland secretions and detritus as-
sociated with the feather barbs (Blanco and Tella 2001, 
Galván et al. 2008). 

In the present study, we describe a new species of the 
feather mite genus Rhinozachvatkinia Mironov, 1989 
(Avenzoariidae: Bonnetellinae) found on two species of 
shearwaters, Calonectris borealis (Cory) and Calonectris 
edwardsii (Oustalet) (Procellariiformes: Procellariidae). 
To date, only three species of Rhinozachvatkinia have 
been described from three procellariiform hosts belong-
ing to different families: Rhinozachvatkinia graciosa Mi-
ronov, 1989 from Pachyptila desolata (Gmelin) (Procel-
lariidae), Rhinozachvatkinia pelecanoidi Mironov, 1989 
from Pelecanoides georgicus (Murphy et Harper) (Pe-
lecanoididae) and Rhinozachvatkinia zygoloba Mironov, 
1989 from Oceanodroma leucorrhoa (Vieillot) (Hydro-
batidae) (Mironov 1989a).

Feather mites of the genus Rhinozachvatkinia share 
their habitat on the wing feather of procellariiform birds 
with two closely related avenzoariid genera, Promegninia 
Gaud et Atyeo, 1967 and Zachvatkinia Dubinin, 1949. The 
genus Promegninia is monotypic and known only from 
albatrosses (Procellariiformes: Diomedeidae) (Gaud and 
Atyeo 1967). The genus Zachvatkinia currently includes 
15 species, of which five are known from procellariiforms 
of the families Diomedeidae, Procellariidae and Hydrobati-
dae, whereas remaining species are associated with gulls, 
terns and crab plovers (Charadriiformes: Laridae and Dro-
madidae) (Mironov 1989b, 1991a,b, 1992, Mironov and 
Stefan 2013, Negm et al. 2013). These three mite genera 
constitute the Zachvatkinia generic group within the sub-
family Bonnetellinae – see Mironov and Dabert (1999).

It is necessary to note that Rhinozachvatkinia was orig-
inally established as a subgenus of Zachvatkinia by Mi-
ronov (1989a). Later, Mironov and Dabert (1999) carried 
out a phylogenetic analysis of Avenzoariidae and showed 
that Rhinozachvatkinia is much closer to Promegninia 
than to Zachvatkinia sensu stricto. Although these authors 
treated Rhinozachvatkinia as a genus in their work, they 
did not formally declare its full generic status. Therefore, 
we formally fix its status as a full genus in the present 
paper. 
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MATERIALS AND METHODS
The material used in the present study was collected by Jacob 

González-Solís, Elena Gómez-Díaz and Teresa Militão from 
2003 to 2008 from living birds breeding on the Cape Verde and 
Azores Archipelagos using the dust-ruffling method (for C. ed-
wardsii; see Walther and Clayton 1997) or direct sampling of 
barbs from primary feathers (for C. borealis). Bird captures 
and mite sampling were carried out under permissions from the 
corresponding Governments authorities of Portugal and Cape 
Verde. All animals were handled in accordance with good ani-
mal care practices as defined by the current European legislation. 

Collected material was preserved in vials with absolute 
ethanol. For morphological identifications, feather mites were 
cleared in lactic acid for 24 h and mounted on microscope slides 
in PVA medium (BioQuip Products, Rancho Dominguez, Cali-
fornia). The new species description follows the standards used 
for avenzoariid mites (Atyeo and Gaud 1981, Mironov 1989b, 
Mironov and Dabert 1997). General morphological terms and 
leg chaetotaxy follow Gaud and Atyeo (1996), idiosomal cha-
etotaxy also follows these authors with corrections proposed 
by Norton (1998). All measurements are in micrometres (µm). 
Drawings were made using a Leica DM 5000B light microscope 
with DIC illumination and camera lucida.

Prior to mounting on slides, six individual mites were 
subjected to DNA extraction using the nondestructive meth-
od described by Dabert et al. (2008). A 609-bp fragment 
of the COI gene was amplified using the primers bcdF05 
(5'-TTTTCTACHAAYCATAAAGATATTGC-3') and bcdR04 
(5'-TATAAACYTCDGGATGNCCAAAAAA-3') (Dabert et al. 
2008). Polymerase chain reactions (PCRs) were carried out in 
a total volume of 25 µl containing 2 µl 10× reaction buffer with 
MgCl2 (15 mM) (Roche Diagnostics, Meylan, France), 1.5 mM 
MgCl2, 0.15 mM of each dNTP, 0.4 μM of each primer, 1.25 U 
Taq DNA polymerase (Roche Diagnostics) and 3 µl of DNA 
template. Amplification conditions consisted of an initial step of 
5 min at 95 °C, followed by 35 cycles of 30 sec at 95 °C, 1 min 
30 sec at 50 °C, 1 min at 72 °C, with a final step of 5 min at 72 °C. 
PCR products were separated by electrophoresis in 2% agarose 
gel and visualized under UV light. Samples containing visible 
bands were sent for sequencing to Beckman Coulter Genom-
ics (France; GenBank Accession nos. KF111269–KF111274). 
Bioedit version 7.0.5.3 (Hall 1999) was used to assemble, edit 
and align sequences and all variable sites were confirmed by 
visual inspections of the chromatograms. Pairwise distances be-
tween sequences were computed with MEGA 4 (Tamura et al. 
2007) using K2P distance model (Kimura 1980). 

The taxonomic system and scientific names of birds follow 
Clements et al. (2012) and Sangster et al. (2012). Type and ad-
ditional materials are deposited in the Zoological Institute of the 
Russian Academy of Sciences, Saint Petersburg, Russia (ZISP). 

RESULTS

Family Avenzoariidae Oudemans, 1905

Subfamily Bonnetellinae Atyeo et Gaud, 1981

Genus Rhinozachvatkinia Mironov, 1989 stat. n.

As it was noticed above, the genus Rhinozachvatkinia 
was originally established as a subgenus of the genus Za-

chvatkinia by Mironov (1989a). Later on, Mironov and 
Dabert (1999) proved that this taxon is phylogenetically 
closer to the genus Promegninia than to Zachvatkinia in a 
strict sense, but did not formally fix its full generic status. 

Rhinozachvatkinia is clearly distinguished from the 
genus Zachvatkinia by the following set of characters: in 
both sexes, the subcapitulum is elongated and its distal 
part is noticeably narrowed (more expressed in females 
than in males), genual setae mGI are narrow lanceo-
late or spiculiform; in males, the lateral membranes of 
opisthosomal lobes are absent, the anterior ends of coxal 
fields IV are widely separated from each other, distance 
between them is equal to or wider than the genital arch; 
in females, the anterior margin of hysteronotal shield is 
distinct (Mironov 1989a,b). The two former characters 
also differentiate this genus from Promegninia. Within 
the Zachvatkinia generic group, the genera Promegninia 
and Rhinozachvatkinia could be referred to as small-sized 
representatives of this grouping; the idiosoma lengths of 
these mites do not exceed 450 μm in males and 400 μm in 
females, whereas in Zachvatkinia these lengths are over 
600 μm and 450 μm, respectively.

T y p e  s p e c i e s :  Zachvatkinia (Rhinozachvatkinia) graciosa 
Mironov, 1989 by original designation.

O t h e r  s p e c i e s :  Rhinozachvatkinia pelecanoidi Mironov, 
1989, R. zygoloba Mironov, 1989 and one species described 
below.

Rhinozachvatkinia calonectris sp. n. 	 Figs. 1–4
Male (Figs. 1, 3, 4A,B) (holotype, measurements for 

one paratype in parentheses). Length of idiosoma from 
anterior end to end of opisthosomal lobes 440 (420), 
greatest width at level of humeral shields 210 (185). Sub-
capitulum moderately narrowed in anterior part, lateral 
margins with small tooth-like extensions, length includ-
ing palps 62 (63), greatest width 46 (48), width at bases 
of palps 29 (32) (Fig. 4A). Chelicerae slightly narrowed 
in anterior part, 65 (63) long. 

Prodorsal shield: pear-shaped, strongly narrowed in 
anterior part, without median ridges, with pair of ovate 
desclerotized patches, posterior margin convex, postero-
lateral margins rounded or with short angular extension, 
not encompassing bases of setae se, length along midline 
95 (93), greatest width 63 (63) (Fig. 1A). Setae vi paired. 
Setae si situated on lateral margins of prodorsal shield, 
setae se situated on small circular plates near prodorsal 
shield, distance between setae se 80 (80). Length of hys-
terosoma from level of sejugal furrow to lobar apices 315 
(300). Setae c3 narrowly lanceolate, 15 (15) long. 

Hysteronotal shield: anterior margin sinuous with 
noticeable concavities lateral to setae c1, anterior an-
gles acute and almost touching humeral shields, great-
est length from anterior margin to level of setae h3 275 
(270), width at anterior margin 125 (125). Opisthosomal 
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lobes long, strongly narrowed apically, well separated 
from each other. Terminal cleft between lobes deep and 
relatively narrow, extending to level of setae e2, length 
including supranal concavity 138 (140), greatest width 40 
(35). Inner margins of opisthosomal lobes without ledge, 
outer margins of lobes slightly convex, apical part poste-
rior to bases of setae h3 represented by narrow bidentate 
membranes (Fig. 1A). Lateral membranes not developed. 

Interlobar membrane around two times narrower than 
lobe width at level of setae ps2, gradually narrowing to 
bases of setae h3. Incision in interlobar membrane not ex-
tending to level of setae h1, length of incision from ante-

rior end to level of lobar apices 88 (90). Distance between 
dorsal setae c2 : d2 45 (33), d2 : e2 118 (120), e2 : h2 88 
(85), h2 : h3 30 (33), ps1 : h3 28 (30), d1 : d1 43 (35), 
e1  : e1 40 (45), h2 : h2 83 (80), h3 : h3 53 (50). Setae 
ps1 85 (75) long, around two times longer than f2, extend-
ing beyond lobar apices. 

Sternum about half as long as total length of epimer-
ites I. Coxal fields III almost closed. Sclerotized areas of 
coxal fields IV widely separated from each other and ante-
rior to genital apparatus (Fig. 1B). Setae 3a situated ante-
rior to level of setae 4b. Genital apparatus small, length 8 
(7), width 15 (14), branches of genital arch short. Genital 

Fig. 1. Rhinozachvatkinia calonectris sp. n. from Calonectris edwardsii; male. A – dorsal view; B – ventral view. Abbreviations: ia, 
im, ip and ih – cupules; hn – hysteronotal shield; hs – humeral shield; il – interlobar membrane; in – incision in interlobar membrane; 
pr – prodorsal shield; sc – scapular shield; sIV – sclerotized area of coxal fields IV; tm – terminal membrane.
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shields absent, setae g situated on striated tegument im-
mediately posterior to genital arch. Adanal shields fused 
each other forming star-like structure, its lateral branches 
bear setae ps3 (Fig. 4B). Diameter of adanal suckers 16 
(17). Adanal apodemes narrow, poorly sclerotized. Dis-
tance between setae: 4b : 4b 48 (30), g : g 10 (10), 4a : g 
18 (13), g : ps3 45 (48), ps3 : ps3 30 (28).

Tarsi I, II with scarcely distinct apical spine-like proc-
esses (Fig. 3A,B). Setae mG on genu I narrow spine-
shaped, on genu II filiform. Setae cG of genua I, II narrow 
spine-like. Tarsus III 60 (62) long (Fig. 3C). Tarsus IV 
with one dorso-basal spine (Fig. 3D). 

Female (Figs. 2, 4C–E) (range for two paratypes). 
Length of idiosoma 410–445, width 175–190. Gnathoso-
ma shaped as in male, lateral margins without tooth-like 
extensions, length of subcapitulum including palps 69–

72, greatest width 49–51, width at bases of palps 37–39 
(Fig. 4D). Palps not enlarged basally. Chelicerae slightly 
narrowed in anterior part, 72–75 long. 

Prodorsal shield: strongly narrowed in anterior part, 
posterior part roughly rectangular; length along median 
line 100–113, greatest width 75–85 (Fig. 2A). Setae vi 
paired. Setae si situated on lateral margins of prodorsal 
shield, setae se situated on striated tegument near lat-
eral margins of shield, distance between setae se 80–85. 
Length of hysterosoma from sejugal furrow to posterior 
margin of opisthosoma 295–305. Setae c3 narrowly lan-
ceolate, 13–15 long. 

Hysteronotal shield: with three dotted parts separated 
from each other by striated areas, anterior zone and a pair 
of lateral zones; posterior margin of hysteronotal shield 
medially indistinct (Fig. 2A). Anterior zone triangular in 

Fig. 2. Rhinozachvatkinia calonectris sp. n. from Calonectris edwardsii; female. A – dorsal view; B – ventral view. Abbreviation: 
az – anterior sclerotized zone of hysteronotal shield; eg – epigynum; hs – humeral shield; im – cupules; lz – lateral sclerotized zone 
of hysteronotal shield; pr – prodorsal shield; py – pygidial shield; rEpIIa – rudimentary sclerite of epimerites IIa; sc – scapular shield.
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shape, small, and bear setae c1. Lateral zones bear setae 
d1, d2, e1, e2 and hysteronotal gland opening gl. Great-
est length of hysteronotal shield (from anterior margin to 
posterior ends of lateral dotted zones) 238–250, width at 
anterior margin 85–90, width at posterior margin 120–125. 
Distance between dorsal setae c2 : d2 75–85, d2 : e2 110, 
e2 : h3 85–88, h3 : h3 60–68, d1 : d1 45–50, e1 : e1 28–30. 

Pygidial shield 28–33 long, 85–90 wide. Epimerites I 
fused into Y, sternum about one third of total length of 
epimerites, bases of epimerites not thickened. Epigynum 
semicircular, thick, extending to level of anterior genital 
papillae (Fig. 2B), length 38–43, width 60–75. Rudimen-
tary sclerites rEpIIa small and fused with epigynum. Se-
tae g situated at level of setae 3a or slightly posterior. 

Legs I, II as in male. Tarsi III, IV with small apical 
spine-like extension (Fig. 4C,E). Leg IV not extending to 
posterior end of the body.

T y p e  h o s t :  Cape Verde shearwater Calonectris edwardsii 

(Oustalet) (Procellariiformes, Procellariidae).
T y p e  l o c a l i t y :  Cape Verde, Boa Vista Island, Curral Velho 

Islet.
D a t e  o f  c o l l e c t i o n :  12 July 2006, collected by Jacob 

González-Solís.
T y p e  m a t e r i a l :  Male holotype; one male and two female 

paratypes.
D e p o s i t i o n  o f  m a t e r i a l :  Male holotype (ZISP 5021-

1), one male (ZISP 5022) and two female paratypes (ZISP 
5021-2, 5023).

A d d i t i o n a l  m a t e r i a l :  one male (ZISP 5024) from 
C.  edwardsii, Cape Verde, Raso Island, 21 March 2008, 
collected by Teresa Militão; one female (ZISP 5025) from 
C.  edwardsii, Cape Verde, Boa Vista Island, Curral Velho 
Islet, 8  July 2007, collected by Jacob González-Solís; one 
male and one female (ZISP 5026-1, 5026-2) from Cory’s 
shearwater Calonectris borealis (Cory), Portugal, Azores 
Archipelago, Graciosa Island, Praia, 9 August 2003, col-
lected by Jacob González-Solís; one male (ZISP 5027) from 

Fig. 3. Rhinozachvatkinia calonectris sp. n. from Calonectris edwardsii; legs of male. A – leg I; B – leg II; C – tarsus III; D – tibia 
and tarsus IV. Abbreviation: db – dorso-basal spine of tarsus IV.
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C. borealis, Portugal, Azores Archipelago, Santa Maria Is-
land, Vila, 9 June 2003, collected by Elena Gómez-Díaz; one 
male and one female (ZISP 5028-1, 5028-2) from C. borea-
lis, Portugal, Azores Archipelago, Flores Island, Faja Lopo 
Vaz, 16 August 2003, collected by Jacob González-Solís; one 
male (ZISP 5029) from C. borealis, Portugal, Azores Archi-
pelago, Corvo Island, Pesqueiros, 20 August 2003, collected 
by Elena Gómez-Díaz.

E t y m o l o g y :  The specific epithet is taken from the generic 
name of the type host and is a noun in apposition.

Differential diagnosis: Among three previously de-
scribed species, Rhinozachvatkinia calonectris sp. n. is 
most similar to R. graciosa Mironov, 1989 described 
from Pachyptila desolata from Georgia Island (Mironov 
1989) by having long and well separated opisthosomal 
lobes and star-shaped adanal shield in males. 

The new species differs from R. graciosa by the fol-
lowing features: in both sexes, scapular setae se are situ-
ated off the prodorsal shield and subhumeral setae c3 are 
lanceolate; in males, the terminal membranes are biden-
tate, setae 4b are situated posterior to the level of setae 3a, 

and the adanal apodemes are narrow L-shaped; in females, 
the hysteronotal shield is separated by striated areas into 
three dotted zones (the anterior zone and a pair of lateral 
ones), and the rudimentary sclerites rEpIIa are small and 
fused to the epigynum. 

In both sexes of R. graciosa, scapular setae se are situ-
ated on the prodorsal shield, and subhumeral setae c3 are 
spiculiform; in males, the terminal membranes are acute 
apically, setae 4b are situated anterior to the level of setae 
3a, and the adanal apodemes are teardrop-shaped; in fe-
males, the hysteronotal shield has two lateral dotted parts, 
and the rudimentary sclerites rEpIIa are represented by 
a pair of transverse sclerites distinctly separated from the 
epigynum.

DNA barcode. We sequenced a 609-pb fragment of 
the mitochondrial cytochrome c oxidase subunit I (COI) 
gene for one male paratype (Acc. No. KF111273, ZISP 
5022), four males (Acc. No. KF111274, ZISP 5024; Acc. 
No. KF111270, ZISP 5026-1; Acc. No. KF111269, ZISP 
5027; Acc. No. KF111272, ZISP 5029) and one female 

Fig. 4. Rhinozachvatkinia calonectris sp. n. from Calonectris edwardsii; details. A – gnathosoma of male, ventral view; B – genital 
and anal areas of male; C – tibia and tarsus III of female; D – gnathosoma of female, ventral view; E – tibia and tarsus IV of female. 
Abbreviations: ad – adanal apodeme; as – adanal shield.
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(Acc. No. KF111271, ZISP 5028-2) from additional ma-
terial collected as described above. The average genetic 
distance (K2P) among the R. calonectris COI sequences 
was 1.2% (SE 0.3). The majority of nucleotide substitu-
tions were synonymous and only two amino acid changes 
were detected (substitution of valine with isoleucine at 
positions 124 and 157).
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