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Abstract. The morphology of juvenile stages of the oribatid mite Gymnodamaeus bicostatus (Koch,
1835) (Oribatida, Gymnodamaeidae) is described and illustrated. The body and legs of the larva and
three nymphs are covered with a thin layer of granular cerotegument, and nymphs carry exuvial
fragments from previous stages. The cuticle of the gastronotic region and ventral part of body is
folded (plicate). Sensilli are present in all stages, and setae in are very small. Larvae have 12 pairs of
gastronotal setae, nymphs have 10 pairs. The differences between the juvenile stages of
Gymnodamaeus bicostatus and those of other studied species in Gymnodamaeidae include various
characters which we have presented in the text. Gymnodamaeus bicostatus has two characters noted
for the first time in juveniles of Gymnodamaeidae: 1) Paraproctal atrichosy is absent, although the
respective setae are minute when first formed (paraproctal atrichosy is present in other studied
species), 2) Nymphs possess either 9 pairs (Arthrodamaeus hispanicus) or 10 pairs of gastronotic setae
(Gymnodamaeus bicostatus, Joshuella irregularis, ]. meyeri).
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Introduction

The family Gymnodamaeidae (Acari, Oribati-
da) includes more than 60 species from 6
genera. Collectively, the family is nearly cos-
mopolitan, except for Australia and Antarctica,
and widespread (Subias 2004). The genus
Gymnodamaeus (Kulczynski, 1902) includes 24
named species and is the largest genus in this
family (Subias 2004). The morphology of its
juvenile stages has not been studied so far, and
there is little published information in the
literature about juveniles of other genera.
Grandjean (1928) briefly described immatures
and presented a figure of a nymph of
Arthrodamaeus hispanicus (Grandjean, 1928),
and later Grandjean (1953) listed several
characters of juveniles in his diagnosis of
Gymnodamaeidae. Bayartogtokh & Schatz
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(2009) described the morphology of the deuto-
nymph of Joshuella irregularis (Bayartogtokh &
Schatz 2009) and the tritonymph of ]. meyeri
(Bayartogtokh & Schatz 2009).

The purpose of the present work is to
describe and illustrate the morphology of all
immature stages of the holarctic species
Gymnodamaeus bicostatus (Koch, 1835). This is
the first complete description for any member
of Gymnodamaeidae. This species is the
unique representative of Gymnodamaeus known
in the European part of Russia, from where the
studied material was collected.

Material and methods

All immature specimens of G. bicostatus were collected by
S.G. Ermilov from various localities in the Nizhniy
Novgorod region (European part of Russia) during the
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spring and summer of 2005-2008. Juveniles and adults
were not numerous in samples; however, they were
collected from various biotopes. In the studied material
were found: 4 larvae, 7 protonymphs, 17 deutonymphs
and 19 tritonymphs.

The illustrated specimens were permanently mount-
ed and studied on flat microscope slides. All measure-
ments are presented in micrometers. Formulas of legs
setae are given in parentheses, in the order trochanter-
femur-genu-tibia-tarsus and formulas of solenidia are in
square brackets, in the order genu-tibia-tarsus.
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Results

Larva (Figs 1-5)

Body length: 249-265; body width: 149-166;
body colour: white, with a light grey shade.
Body shape was oval. Cuticle of prodorsum,
gastronotal region and on ventral part was
covered with small-granuled cerotegument.
Colour of granules was grey-brown.

Figure 1-5. Gymnodamaeus bicostatus: (1) larva, dorsal view, legs removed. Scale bar 100 pm; (2) larva,
ventral view, legs partly removed. Scale bar 100 pm; (3) larva, leg I. Scale bar 50 pm; (4) larva,
leg II. Scale bar 50 um; (5) larva, leg III. Scale bar 50 pm
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Prodorsum was roughly triangular. Ros-
trum was wide and rounded. The cuticle in
roughly central part was smooth and in the
posterior part slightly folded. Lateral parts of
the plate had long, fine bulges. There were 5
pairs of prodorsal setae. Rostral setae (ro, 28-
41) and lamellar (le, 41-49) were long and thick
with small barbs. Interlamellar setae (in, 1-2)
were very small. Exobothridial setae (ex, 6-8)
were thin and setiform. Sensilli (ss, 94-110)
were long and thick with small barbs. Bothri-
dia were well developed.

Cuticle of gastronotic region was covered
with numerous, thin, transverse folds. There
were 12 pairs of gastronotic setae. Only 10
pairs were visible from the dorsal view. Setae
dm and dp long, thick and barbed were located
on humps. Setae c;-c3, da, Ia small and setiform.
Setae Im and Ip were longer and barbed.
Cupules ia were visible dorsally.

Cuticle of ventral part of body were plicate.
Setae Ny were thick and coarsely barbed. Setae
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hy were smaller, prickly and setiform. Setae ;3
and two pairs of pseudanal setae were small.
Cupules ip, ih, im and openings of opisthoso-
mal glands (gla) were well visible ventrally.
Epimeral formula: 3-1-2; third setae of the first
epimere (Ic) in form of protective scale over
Claparéede’s organ. Epimeral setae were small.
Body and setae measurements of larva are
given in Tables 1 and 2.

Legs. Relatively thin and elongated: length
of I: 240-248, II: 166-182, III: 240-252. They were
covered with a layer of small-granuled cerote-
gument. Articulation of all segments was with-
out collars ("crispins") (Grandjean 1954). Tarsi
with 1 small claw. Most setae were thickly
barbed. Setae p was very small and located
closer to claw than setae u and tc. Tibia I with
apophysis carried coupled solenidia ¢; and
seta d. Solenidia of tibia II, IIT (¢) and solenidia
of genu (o) set close to respective setae d, with-
out coupling. Setae d of genu small and shorter
than solenidia o. Setation of legs: I (0-2-3-4-16)

Table 1. Comparison of body and prodorsal setae measurements (in micrometers) of

Gymmnodamaeus bicostatus during ontogeny.

Character Larva Protonymph ~ Deutonymph  Tritonymph
Body length 249-265 315-381 448-531 581-630
Body width 149-166 166-199 265-332 365-415
Length ro 28-41 32-41 41-53 41-57
Length le 41-49 49-57 57-69 57-73
Length in 1-2 1-2 2 2
Length ss 94-110 102-123 147-159 164-184
Length ex 6-8 8 12 12-16

Table 2. Setation of Gymmnodamaeus bicostatus during ontogeny*.

Character Larva Protonymph  Deutonymph  Tritonymph
Epimeral setation 3-1-2 3-1-2-1 3-1-2(3)-2 3-1-3-3
Number of gastronotal setae 12 10 10 10
Number of setae g 0 1 4 6
Number of setae ag 0 0 1 1
Number of setae ad 0 0 2 2
Number of setae an 0 0 0 2

*Minute paraproctal setae, present when a caudal segment is first formed, are not included in formulas.
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[1-1-1], T (0-2-3-3-13) [1-1-1], I (0-2-2-2-13) [1-
1-0]. The specific identity of setae and solenidia
is given in Table 3.

Nymphs (Figs 6-16)

In most aspects the morphology of proto-
nymph, deutonymph and tritonymph is simi-
lar to that of larva. Cuticle of body and legs
covered with a layer of small-granular cerote-
gument. Body colour: white, with a light grey
shade. Gastronotal region of nymphs covered
with exuvial fragments of previous stages.
Legs similar in structure to those of larva. Body
and setae measurements are given in Tables 1
and 2. The setation of legs and the number of
solenidia of protonymph is given in Table 3.
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Protonymph (Figs 6-7)

Body length: 315-381, body width: 166-199. All
prodorsal setae were similar to those of larva.
Length: ro 32-41, le 49-57, ex 8, ss 102-123. Setae
in (1-2) were very small. Gastronotic region
with unpaired, caudal lobe-shaped ledge. Frag-
ment of larval exuvium (L) with 9 pairs of setae
(cil, L, dal, laL, dmL, ImL, dpL, IpL, hL).
Gastronotic region with 10 pairs of setae (ci-c3,
Ip, hi-hs; sectae p;-ps appear). Setae da, la, dm,
Im, dp were absent. Setae h; and p; located on
caudal ledge. Setae p;, ps; small but setiform;
adanal setae minute and rudimentary. Cupules
ips was present. Openings of opisthosomal
glands were small and on the ventral surface of

Table 3. Legs setation and solenidia of Gymnodamaeus bicostatus during ontogeny*.

Trochanter Femur Genu Tibia Tarsus

Legl
Larva - d, bo" 400 40, e (ﬂs) ((;;)) ((l;)z)(?m(f)
Protonymph - U] - - @2
Deutonymph v' 0" o' 0", @2 -
Tritonymph - - - - (it)

LegII
Larva - d, bo" 4o dbvge M (stcng) 0@
Protonymph - Dorl - - -
Deutonymph . v'"; some- . ;

v times [" v ! @

Tritonymph - - - o" (if)

Leg III
Larva 1), (tc), (p), (u), (a),

- d, ev' dl, o dv, ¢ (. ( )'5,((P;7)7.7)( ) ()

Protonymph - - - - -
Deutonymph v' I v' r,o" -
Tritonymph I - - - (it)

Leg IV
Protonymph - - - - 1, (), (), (po)
Deutonymph - d, ev' dln, o dv, ¢ (tc), (a), s
Tritonymph v' - - r,o" -

*Roman letters refer to normal setae, Greek letters refer to solenidia, ¢ - famulus. One apostrophe (') marks
setae on anterior and double apostrophe (") setae on posterior side of the given leg segment. Parentheses refer
to a pair of setae. Setae are listed only for the stage in which they first appear.
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Figure 6-7. Gymnodamaeus bicostatus: (6) protonymph, dorsal view, with larval exuvium, legs removed.
Scale bar 100 pm; (7) protonymph, ventral view, legs partly removed. Scale bar 100 pm.

body. There was a single pair of genital setae.
Epimeral formula: 3-1-2-1.

Length of legs: I: 330-343, II: 247-251, III:
326-338, IV: 384-400. Setae d on genu I-III were
long, barbed and surpassed the corresponding
solenidion o in length. Setation of legs: I (0-4-3-
4-16) [1-1-2], 1I (0-4(3)-3-3-13) [1-1-1], IIT (0-2-2-
2-13) [1-1-0], IV (0-0-0-0-7) [0-0-0].

Deutonymph (Figs 8-10)

Body length: 448-531, body width: 265-332.
Length of prodorsal setae: ro 41-53, le 57-69, in
2, ex 12, ss 147-159. Gastronotic region with

larval exuvium (L) and 7 pairs of setae (c:P,
c2P, IpP, hiP, hoP, hsP, piP). Gastronotic region
had 10 pairs of setae. Anal plates had very
small, rudimentary anal setae; 2 pairs of adanal
setae (ad;, ad;) and cupules iad . There were 4
pairs of genital setae and 1 pair of aggenital
setae (ag). Epimeral formula: 3-1-2(3)-2.

Length of legs: I: 444-472, II: 314-330, III:
417-433, IV: 539-559. Setation of legs: I (1-5-4-5-
16) [1-2-2], I (1-5-4-4-13) [1-1-2], III (1-3-3-4-13)
[1-1-0], IV (0-2-3-2-12) [0-1-0].
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Tritonymph (Figs 11-16)

Body length: 581-630, body width: 365-415.
Length of prodorsal setae: ro 41-57, le 57-73, in
2, ex 12-16, ss 164-184. Gastronotic region was
covered with 3 exuviae: larval (L), protonym-
phal (P) and deutonymphal exuvium (D), the
latter with 7 pairs of setae. Gastronotic region
had 10 pairs of setae; 2 pairs of anal setae (an;,
any) and 2 pairs of adanal setae. There were 6
pairs of genital setae and 1 pair of aggenital
setae. The genital, aggenital and anal setae

were identical in length. Epimeral formula: 3-1-
3-3. Setae 3c and 4c were thick and barbed.

Length of legs: I: 580-608, II: 416-429, III:
567-575, IV: 724-756. Setation of legs: I (1-5-4-5-
18) [1-2-2], 1T (1-5-4-5-15) [1-1-2], III (2-3-3-4-15)
[1-1-0], IV (1-2-3-4-12) [0-1-0].

Discussion

The morphology of Gymnodamaeus juvenile
stages has not been studied so far and there is
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Figure 8-10. Gymnodamaeus bicostatus: (8) deutonymph, dorsal view, with larval and protonymphal exuvium, legs
removed. Scale bar 100 pm; (9) deutonymph, dorsolateral view, with larval and protonymphal exuvium, legs
partly removed. Scale bar 100 pm; (10) deutonymph, ventral view, legs partly removed. Scale bar 100 pm.

little information in the literature about juve-
niles of other related genera. Grandjean (1928)
studied juvenile stages (except deutonymph) of
Arthrodamaeus hispanicus (Grandjean), under
the name Gymmnodamaeus (this species has also
been included in Adrodamaeus Paschoal, 1984
by Subias 2004). On the basis of these data,
Grandjean (1953) generalized about some mor-
phological features of juvenile Gymnodamaei-
dae: paraproctal atrichosy present, genital
setae formula of nymphs: 1-4-6, nymphs with 9
pairs of gastronotic setae. The present paper
treats immatures of Gymmnodamaeus sensu lato
for the first time.

Below, we compare our data with the more
fragmentary information known for other re-
presentatives of Gymnodamaeidae (Grandjean
1928, Bayartogtokh & Schatz 2009): Arthroda-
maeus hispanicus (Grandjean, 1928), |. irreqularis
and ]. meyer. The main distinctive differences
are given below.

Differences between larvae of A. hispanicus
and Gymnodamaeus bicostatus. A. hispanicus
larvae are characterized by long interlamellar
setae (half length of propodosoma); 10 pairs of
gastronotic setae, with 3 pairs (da, dm, dp) in
the gastronotic region located on humps and
absent paraproctal setae (on segment PS). On
the other hand, the larvae of G. bicostatus are
characterized by small interlamellar setae; 12
pairs of gastronotic setae, 2 pairs (dm, dp)
located on humps and 2 pairs of highly
reduced paraproctal setae (on segment PS).

Differences between nymphs of A. hispa-
nicus and G. bicostatus. The proto- and trito-
nymph (deutonymph not known) of A. hispa-
nicus are characterized by caudal lobe-shaped
ledge with four projections bearing setae; gas-
tronotic region with 9 pairs of setae (setae p;
absent); dorso-lateral gastronotic region with
long setae (including setae c;-c3) and absent
protonymphal setae of segment AD. The proto-
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Figure 11-16. Gymnodamaeus bicostatus: (11) tritonymph, dorsal view, with larval, proto- and
deutonymphal exuvium, legs removed. Scale bar 100 pm; (12) tritonymph, ventral view, legs
partly removed. Scale bar 100 um; (13) tritonymph, leg I. Scale bar 100 pm; (14) tritonymph, leg II.
Scale bar 100 pm; (15) tritonymph, leg III. Scale bar 100 um; (16) tritonymph, leg IV. Scale bar 100

pum.

and tritonymph of G. bicostatus are characte-
rized by rounded caudal lobe-shaped ledge,
without four obvious projections; a gastronotic
region with 10 pairs of setae; dorso-lateral gas-
tronotic region with shorter setae (setae c;-c3
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small) and small protonymphal setae of seg-
ment AD are present.

Differences between deutonymphs of J.
irreqularis and G. bicostatus. The deutonymph
of J. irregularis is characterized as follows.
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Sensilli with well developed clavate form, setae
ex long, almost half length of setae le. Caudal
lobe-shaped ledge present with four
projections, each bearing a seta. Dorso-lateral
gastronotic setae are long (including setae c;-
c3). The epimeral formula is 3-1-2-0. Setae of
segment AN are absent. Setation of legs: I (1-3-
3-4-15) [1-1-1]; I (0-3-3-4-12) [1-0-0]; III (1-3-2-
4-11) [0-1-0]; IV (0-1-1-2-11) [0-0-0]. The
deutonymph of G. bicostatus is characterized
by: sensilli which have weakly developed
clavate form, setae ex about one-fifth the length
of setae le. Caudal lobe-shaped ledge rounded,
without four obvious projections. Dorso-lateral
gastronotic setae are not so long (setae c;-c;
small). The epimeral formula is 3-1-2(3)-2.
Adanal setae are present. Small setae are
present on segment AN. Setation of legs: I (1-5-
4-5-16) [1-2-2], 1T (1-5-4-4-13) [1-1-2], 1T (1-3-3-
4-13) [1-1-0], IV (0-2-3-2-12) [0-1-0].

Distinctions tritonymphs  of
Joshuella meyeri and Gymnodamaeus bicostatus.
The tritonymph of ]. meyeri is characterized as
follows. Sensilli have a well developed clavate
form, setae ex long, almost as long as le and ro.
Caudal lobe-shaped ledge present, with four
projections, each bearing a seta. Dorso-lateral
gastronotic setae are long (including setae c;-
c3). The epimeral formula is 3-1-2-3. Setation of
legs: 1 (1-4-4-4-15) [1-1-2]; 1I (1-3-3-5-16) [1-1-2];
II (2-3-3-4-13) [1-1-0]; IV (1-2-3-3-10) [0-1-0].
The tritonymph of G. bicostatus is characte-
rized as follows. Sensilli have weakly deve-
loped clavate form, setae ex one-quarter to one-
fifth the length of le and ro. Caudal lobe-shaped
ledge rounded, without four obvious projec-
tions. Dorso-lateral gastronotic setae are short-
er (setae c;-c3 small). The epimeral formula is 3-
1-3-3. Setation of legs: I (1-5-4-5-18) [1-2-2], II
(1-5-4-5-15) [1-1-2], TIT (2-3-3-4-15) [1-1-0], IV (1-
2-3-4-12) [0-1-0].

These few data show that Grandjean’s
(1953) diagnosis of Gymnodamaeidae is too
limited and will require changes. For example,
paraproctal atrichosy is present in Arthroda-

between
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maeus hispanicus, Joshuella irregularis and J.
meyeri but absent in Gymmnodamaeus bicostatus,
although the respective setae are minute when
first formed. Nymphs possess 9 pairs (Arthro-
damaeus hispanicus) or 10 pairs of gastronotic
setae (Gymnodamaeus bicostatus, Joshuella irregu-
laris, ]. meyeri).

Other characters seem not to vary among
the four examined species. Nymphs are cha-
racterized by having small interlamellar setae,
exuviae, similar 8 pairs of dorso-lateral gastro-
notic setae (ci-c3, Ip, hi-hs, p1; setae la and Im
absent), a caudal ledge with 2 pairs of setae (1,
p1), and identical development of genital setae
(1-4-6).
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