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A. Zawal

The morphology of the larval stages of Arrenurus biscissus, A. pugionifer and A. bisulcicodulus is described. The three spe-
cies belong to the subgenus Micruracarus and share several characters. The larvae of the  three species differ in the shape of the
dorsal plate, shape of the excretory pore plate, ratio between length of coxal plate median margins, and the numbers of pectina-
ting setae on fifth palpal segment (PV). The larva of A. biscissus is very similar to the closely related A. sinuator. Larvae of A.
pugionifer and A. bisulcicodulus resemble other Micruracarus species (A. bifidicodulus, A. inexploratus, A. integrator). 
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Morphology of the larvae of Arrenurus biscissus (O. F. Müller), 1776;
A. pugionifer Piersig, 1897 and A. bisulcicodulus George, 1881 (Acari:
Parasitengona: Arrenuridae)

Introduction
As in other higher taxa of water mites, also the subge-

neric classification within Arrenurus is based on adults.
Cook (1974) suggests that the Arrenurus subgeneric clas-
sification is artificial. Larval characters could prove use-
ful in helping to solve these problems. A study of this
kind begins with descriptions of the larval morphology of
as many species as possible. Descriptions of the larvae of
several species within  the genus can be found in papers
of Koenike (1908), Lundblad (1927, 1930), Münchberg
(1936), Sparing (1959), Imamura and Mitchell (1967),
Prasad and Cook (1972), Stechmann (1977), Smith I. M.
(1978), Vainstain (1980), Cichocka (1980), Tuzovsky
(1987), Smith B. P. (1990), Smith and Cook (1991), Mar-
tin 2000, Böttger and Martin (2003) and Zawal (2006a, b,
c, d, e, 2007). 

The present paper is aimed at describing A. biscissus,
A. pugionifer and A. bisulcicodulus, which belong to the
subgenus Micruracarus, and  highlights the characters
that allow us to differentiate between the three species;
and compare those characters with the earlier descrip-
tions of other Arrenurus species.

Materials and methods
The descriptions are based on larvae hatched from

eggs laid by females caught in the field in several sites
located in Poland (see below). Until egg laying, each

female was  held in a separate 100 cm3 container filled
with 20-24°C water and subsequently fixed in Wilson’s
liquid (Zawal 2006c). The eggs were  held until hat-
ching, under identical conditions. 48 h after hatching
larvae were mounted  in  Hoyer’s medium; the 48 h pe-
riod being  necessary for the larvae to became fully
sclerotised. 

Larval morphology of A. biscissus, A. pugionifer and
A. bisulcicodulus was described based on larvae hat-
ched from eggs laid by a single female of each of the
species. The habitat characteristics of the collecting
sites and sampling data as follows:  A. biscissus: small
lake with sandy bottom in Poznań, 15 May 2004, A.
pugionifer: lake with muddy bottom in an  alder-forest
near Zgnitek, Międzychód district, 16 May 2004, A. bi-
sulcicodulus: lowland peatbog Krępskie Bagno near
Krępsko, among sedges, Goleniów district, 2 May
2003). The mounts (A. biscissus: Nos 136E, 136Ea; A.
pugionifer: Nos 52E, 52Ea; A. bisulcicodulus: Nos
822, 822a) are stored at the Department of Invertebrate
Zoology and Limnology, University of Szczecin. Lar-
val body parts were measured on the progeny of three
females of A. biscissus, one female of A. pugionifer,
and 10 females of A. bisulcicodulus. The females were
collected from various habitats, in order to document a
relatively wide range of individual variability.

Drawings were prepared with a drawing attachment
to a Nikon ECLIPSE80i microscope. It is very difficult
to adequately represent the arrangement of the secon-
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dary setae as they are frequently barely visible. For this
reason, those setae bearing secondary ones were drawn
as they were spotted, at least in one mount. Conse-
quently, all the setae drawn appear to bear secondary
setae, as they in fact do. On the other hand, the lack of
secondary setae on smooth primary ones could have
been caused by overlooking them on a mounted speci-
men. The setal terminology follows Prasad and Cook
(1972), with modification by Zawal (2006a). The me-
tric characters are reported with their ranges, mean va-
lues, and standard deviations. The leg segments were
measured from their distal margins. In this paper the
following abbreviation are  used: Cp – coxal plate, Exp
– excretory pore, Expp – excretory pore plate.

Results
Arrenurus biscissus
The oval dorsal plate is widest in the middle of its

length and distinctly narrows in the posterior and the
anterior parts. The anterior margin is almost straight
and the posterior margin is rounded. The anterior-late-
ral incisions are very small, almost invisible, with ob-
tuse angles, and reach to about one-fifth of the plate
width and one-seventh of its length. The Lpl seta is tri-
partite; the remaining setae smooth (Fig. 1B).

Median margins of the CpI are distinctly the longest,
followed by CpII and CpIII (Fig.1A). The ratios of
CpI/CpII/CpIII are 3.9/2.3/1 respectively (Table 1). All
seatae on the coxal plates are bipectinate (Fig. 1A).
The distance C1-CpI median margin reaches to about
¾ the C4-CxpIII median margin. The C1-C2 distance
is long (Table 1, Fig. 1A). 

The Expp is pentangonal-shaped with a characteris-
tic process on the posterior part which includes the
Exp. The Exp is situated distintly posterior to the mid-
dle of the shield and posterior to the E2 setae (Table 1,
Fig. 1C).

In shape and sizes pedipalps resemble those of other
Arrenurus species. The PIII1 seta is thick and bipecti-
nate. The PV4 and PV5 setae are bipectinate, the PV4
seta long and thin and PV5 thicker and shorter (Fig. 1D). 

The first segment of the chelicerae has the form of an
elongated and slightly curved cylinder with margins
parallel to each other (Fig. 1E).

The proportions of the segments are more or less the
same on each leg. The  distinctly shortest trochanter
constitutes about 2/3 of the length of the femur, the
genu is slightly shorter than the femur, the tibia is 1.5
times longer and the tarsus twice as long (Table 2). 

The  IGe3, ITi3,  IIGe3, IIGe4 IITi3,  IIIGe3, IIIGe4,
IIITi3 and IIITi4 setae are thick and bipectinate. The
ITi8 seta is long and thin; IITi10 is pectinate and lies
near the centre of the tibia (Fig. 1F, G, H).  

Arrenurus pugionifer
The dorsal plate is oval, widest in the middle of its

length and narrowing distinctly to the front; the poste-
rior margin is pointed. The anterior-lateral incisions are
visible but rather small, their  angles almost straight,
reach about one-sixth of the length and one-third of the
width of the plate. The Lpl seta is tripartite, the remai-
ning setae are smooth and thin (Fig. 2B).

The CpII median margin is the shortest. The ratio of
CpI/CpII/CpIII median margins is 2.1/1/1.6 (Table 1),
respectively. All setae on the coxal plates and the V3
setae are bipectinate (Fig. 2). The distance C1-CpI me-
dian margin reaches about 2/3 the distance C4-CpIII
median margin. The C1-C2 distance is rather short (Ta-
ble 1, Fig. 2A).

The Expp is almost rounded, slightly wider than
long, with the anterior margin slightly convex and pos-
terior one pointed, with a characteristic process below.
The Exp  is situated posterior to the centre of the plate
and beneath the E2 setae (Fig. 2C).

The PIII1 seta is bipectinate, and the PV5 is pecti-
nate (Fig. 2D). 

The first segment of the chelicerae is elongated with
slightly bent margins parallel to each other (Fig. 2E).

The segments of the limbs are slightly shorter than in
A. biscisus, however the proportions are similar (Table
2). The IITi8 seta is thick, short and bipectinate, the
IITi10 seta is short and pectinate and lies near the cen-
tre of tibia, the IIITi10 is bipectinate and lies  posterior
to the centre of the tibia (Fig. 2F, G, H).

Arrenurus bisulcicodulus
The dorsal plate is egg-shaped, widest at mid-length

with the anterior margin slightly curved and the poste-
rior one rounded. The anterior-lateral incisions are
fairly small with slightly obtuse angles, reaching about
one-sixth of the length of the plate and one-quarter of
its width. The Lpl setae are tripartite and the remaining
ones smooth (Fig. 3B).

The CpI median margins are the longest, followed by
CpIII; the shortest are those of the CpII. The ratio of
CpI/CpII/CpIII is 2.1/1/1.3 respectively (Table 1). All
the setae on the coxal plates are smooth (Fig. 3). The
distance C1-CpI median margin reaches about 2/3 the
distance C4-CpIII median margin. The C1-C2 distance
is fairly short (Table 1, Fig. 3A).
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Table 1. Dimensions (in ųm) of individual body parts

The width of the oval excretory pore plate is almost
equal to its length. The Exp lies posterior  to the centre
of the plate and beneath E2 setae (Fig. 3C).

The pedipalps resemble those of A. pugionifer. The
PIII1 seta is smooth. The PV5 seta is pectinate and the
PV8 bipectinate (Fig. 3D).

The first segment of the chelicerae has the form of a
bent and elongated cylinder (Fig. 3E), slightly narro-
wing to the front. 

The dimensions of the different segments of the legs
are slightly shorter than those found in A. biscisus, 
however their mutual proportions are more or less 
the same (Table 2). The ITi8 is short, IITi10 and
IIITi10 are smooth, short and are located about 2/3  of
the length of the tibia. On the tarsus of leg pair III, 
A. bisulcicodulus has one seta more than other species
of the genus Arrenurus. It is  marked as IIITa8 (Fig. 3F,
G, H).
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Discussion
Larvae of the species belonging to the subgenus Mi-

cruracarus have at least three pectinate setae on PV
(Zawal 2006b). The characters differentiating  the spe-
cies described include: the number of pectinate setae on
PV, the shape of the dorsal and excretory pore plates;
and the proportions of CpI/CpII/CpIII. A. biscissus
shows four pectinate setae (PV4, PV5, PV7 and PV8),
three pectinate setae each occurring in A. pugionifer
and A. bisulcicodulus (PV5, PV7 and PV8). The A. bis-
cissus larva is very similar to that of A. sinuator in
shape of dorsal plate, CpI/CpII/CpIII ratio, in shape of
chelicera, in the size and pectinating of the PIII1, PV4
and PV5 setae, and in the size and setation of legs;
which characters differ them from other Arrenurus spe-
cies (Zawal 2006b).  A. biscissus larva differs from A.
sinuator in having a more rounded posterior margin to
the dorsal plate, in the shape of Exp which is rhomboid
with a small process on the posterior margin in A. si-
nuator and pentagonal with a much larger process in A.
biscissus, and in the PV4 and PV5 setae, which are pec-
tinate along the entire length in A. biscisus, while in A.
sinuator they begin to be pectinate at 1/3 of their length
from the base. The A. biscissus larvae are slightly larger
than those of A. sinuator. However, because all the di-
mensions are proportionally larger and the number of A.
biscisus larvae obtained from the culture was relatively
low, the existence of smaller A. biscissus larvae cannot

be ruled out. Imagines of the two species are very simi-
lar also, which evidences their close affinity.

Larvae of A. pugionifer and A. bisulcicodulus re-
seamble in particular characters to different Arrenurus
species. Therefore we are can not to show the most si-
milar species. In their proportions of CpI/CpII/CpIII
and presence secondary setae on the three PV setae, the
A. pugionifer and A. bisulcicodulus larvae resemble the
larvae of three other species (A. bifidicodulus, A. inex-
ploratus, A. integrator) of the sub-genus Micruracarus
(other species of Micruracarus have more then three
PV setae pectinate) (Zawal 2006b, 2007). 

Dorsal plates and excretory pore plates in the Micru-
racarus larvae have differ shape in different species
(Zawal 2006b) and cannot be used as a diagnostic cha-
racter of subgenus Micruracarus. The dorsal plate of A.
pugionifer is similar to that of A. stecki, a species repre-
senting the sub-genus Truncaturus (Zawal 2006e),
while the dorsal plate of A. bisulcicodulus resembles
those of the species (A. tricuspidator, A. claviger) be-
longing to the sub-genus Arrenurus s. str. (Zawal 2006d,
c). The Expp of A. bisulcicodulus resembles than in A.
inexploratus (Zawal 2007), while the Expp of A. pugio-
nifer is similar to that in A. sinuator (Zawal 2006b). 

Larvae of all the species described in this work show
one character typical for larvae of the subgenus Micru-
racarus (at least three PV setae are pennate). From
other points of view the A. biscissus larva is very 

Table 2. Dimensions (in ųm) of leg segments
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Fig. 1. Morphology of the larva of Arrenurus biscissus: A – ventral side, B – dorsal plate, C – excretory pore plate, D – pedipalp,
E – chelicera, F – leg I, G – leg II, H – leg III.
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Fig. 2. Morphology of the larva of Arrenurus pugionifer: A – ventral side, B – dorsal plate, C – excretory pore plate, D – pedipalp,
E – chelicera, F – leg I, G – leg II, H – leg III.
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Fig. 3. Morphology of the larva of Arrenurus bisulcicodulus: A – ventral side, B – dorsal plate, C – excretory pore plate, D – pedipalp,
E – chelicera, F – leg I, G – leg II, H – leg III.
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similar to that of the very closely related A. sinuator,
while larvae of A. pugionifer and A. bisulcicodulus re-
semble to those of other subgenera (Truncaturus and
Arrenurus s. str.). It seems that the analysis of larval
morphology could serve as a starting point for phylo-
genetic conclusions, but these, however, would have to
be based on analysis of larvae of a higher number of
species representing the genus Arrenurus. Further stu-
dies with more species from all subgenera are need in
order to test if the characters investigated here are use-
ful for definition of species-groups and subgenera in
Arrenurus. 
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