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Morphology of the larvae of Arrenurus nodosus Koenike, 1896;
A. knauthei Koenike, 1895 and A. stecki Koenike, 1894 (Acari:
Parastengona: Arrenuridae)
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The morphology of thelarval stages of Arrenurus nodosus, A. knauthei and A. stecki is described. Particular attentionis paid
to the different characters separating the three species. The larvae of the three species differin thesize and shape of the dorsal
plate. Distinct differences appear between the proportionsin the length of thelateral marginsof the epimeres, which are simi-
lar in A. knauthei and A. stecki, but differentin A. nodosus. There are differencesin the shape of the excretory pore plates. In
A. stecki the shape of the anal plateis slightly different owing to the truncated proleg. The structure of the pedipal ps are very
similar. The PIII1 setae are aways bipectinate, the PIV1 is pectinatein A. knauthei and smooth in the other species, the PV6is
short and thick in A. nodosus, and long and thin in the other two species. Distinct differences also occur in the feathering of
legs. The ITi8 setaisshort in A. knauthei and long in the other two, the ITi10 setaislongin A. nodosus and short in the other

two, and IIITi10 is thick and pectinatein A. nodosus, and smooth and fairly thin in the other two.
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I ntroduction

Because of the possibility of investigating relations
between the larvae of water mites and their hosts, se-
veral scientists have currently been interested in the
morphology of larva stages. Knowledge of these rela-
tionships can be useful in studying the distribution and
dispersion of water mites and the mechanisms of evo-
Iution. The basic aim of such studies is to describe the
morphology of thelarvae of individual species. Larvae
of the genus Arrenurus Duges are insufficiently
known. Inadequate descriptions can be found in the
works by Koenike (1908), Lundblad (1927, 1930),
Miinchberg (1936) and Sparing (1959). The most de-
tailed drawings and descriptions have been given by
Imamura and Mitchell (1967), Prasad and Cook
(1972), Vanstejn (1980), Tuzovskij (1987), Smith
(1990), Smith and Cook (1991) and Zawal (20062, b,
c,d,e, f, g).

Theaim of this paper isto present detailed descriptions
of A. nodosus, A. knauthei and A. stecki larvaein par-
ticular their differing features, and also to compare
them with the earlier descriptions of other species of
the genus Arrenurus.

Material and M ethods

Study area and fidld sampling

The descriptions are based on larvae hatched from
eggs laid by females caught in the field. Until egg
laying, each female was kept in a separate 100 cm?®
container filled with - water held at 20-24° C and sub-
sequently fixedin Wilson's liquid. The eggs were kept,
until hatching, under identical conditions. The larvae,
48 h post hatch, were mounted by embedding them in
Hoyers medium; thistime period was necessary for the
larvae to becamefully sclerotised.

Larval morphologies of Arrenurus nodosus, A. knau-
thel and A. stecki were described based on larvae hat-
ched from eggs laid by a single female of each of the
species, the females having been caught in species-
specific habitats (amid-forest pool among sedges, near
Szczecin, Poland in the case of A. nodosus collected on
18 June 1997; thelowland bog, near Goleniéw, Poland
among sedges in the case of A. knnnuthei collected on
21 May 2003; the peat-bog, near Olsztyn, Poland
among peatmoss in the caseof A. stecki collected on 28
May 2004). The mounts (A.nodosus: Nos 3R - fema-
le, 3Ra- larva; A. knauthei: Nos 894 — female, 894a -
larva; A. stecki: Nos 358E - female, and 358Ea - lar-
va) are stored at the Department of Invertebrate Zoolo-
gy and Limnology, University of Szczecin, 71-415
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Szczecin. ul. Waska 13.
Larval body parts were measured on the progeny of

two females of A. nodosus, one female of A. knauthei,
and 10 females of A. stecki.

Drawings were prepared with a drawing attachment
to a Nikon ECLIPSE80i microscope, all the details
being carefully traced. Itis very difficult to adequately
represent the arrangement of the secondary setae as

they arefrequently hardly visible. For this reason, tho-
se Setae bearing secondary ones were drawn as they

were spotted, at least in one mount. Consequently, all
the setae drawn appear to bear secondary ge(ae, as they
infact do. On the other hand, the lack of secondary se-
tae on smooth primary ones could havebeen caused by
overlooking them on a mounted specimen.

The setal notation follows that of Prasad and Cook

(1972) with modification by Zawal (2006a). The me-
triccharacters are reported With their ranges, mean va-

lues, and standard deviations. The leg segments were
measured from their distal margins.

Results

Morphology of Arrenurus nodosus
Thedorsal plateis oval-shaped, widest in the middle
of itslength. The anterior marginisalmost straight and

the posterior margin is widely rounded. The anterior-
lateral indents are small with slightly obtuse angles,
and reach to about one-quater of the plate width and
one-seventh of itslength. The Lpl setais tripartite; the
remaining setae are smooth (Fig. 1).

Fig. 1. Morphology of the larva of Arrenurus nodosus: A — ventral side, B —dorsal side, C —excretory poreplate, D - pedipalp, E - chelicera, F

-legl, G -legll, H - leg III (see text for explanations).
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Table1. Dimensions (jun) of individual body parts
A nodosus A knaut hei A stecki
range. mean csig/rilgt?:)% range. mean jt;,?;?g?] range mean csite«a/ri]gti)%

length 190-210197.8 537 260-318297.8 17.60 214-234222.4 6.65
width 164-186177.0 6.20 230-260243.4 9.05 198-206202.4 3.24
dorsal plate length 186-200193.0 4.55 260-302284.0 13.43 202-216210.2 592
dorsal plate width 148-168157.0 6.41 228-240233.6 4.40 190-200195.0 3.56
Cpl media margin length 63-67 648 125 86-90 874 1.3 72-82 755 2.59
Cpll medial margin length 31-35 333 1.14 41-46 430 151 30-36 337 1.62
CpllIl medid margin length 29-34 314 130 54-60 570 155 44-48 455 1.10
distances: Mpl -Mp1 44-48 452 1.15 42-50 445 239 4146 431 1.28

Lpl-Lpl 50-58 537 2.18 56-60 574 135 49-56 52.1 194

Lp2-Lp2 80-88 834 2.50 90-103 97.4 428 94-102 98.6 226

Mp2-Mp2 45-50 478 1.68 70-74 724 1.08 50-54 520 1.00

Mh1-Mp2 38-44 407 1.86 58-69 62.1 419 54-61 582 199

Mpl-Lpl 6-10 77 132 811 95 096 6-8 72 065

Mpl-Lp2 30-36 331 152 36-40 37.1 137 34-38 362 1.00

Mpl-Mp2 58-61 59.4 091 9096 932 242 64-69 66.4 1.60

Mp2-Mhl 22-30 268 230 1620 17.6 136 29-38 349 245
distance behveen C1 and Cpl 14-18 159 0.88 22-26 240 1.19 1822 197 1.01
distance between C4 and CplIl 22-26 241 143 3538 362 0.76 28-31 29.6 1.07
distance between C1 and C2 50-56 535 1.75 66-70 685 1.20 42-46 440 092
excretory pore plate length 21-25 226 1.25 40-44 419 1.08 34-36 350 0.93
excretory pore plate width 23-27 247 1.10 42446 433 1.16 36-42 382 1.95
distance between Exp and Expp posterior margin 6-10 73 1.03 16-21 183 1.43 8-13 10.1 132
distance between El setae and Expp anterior margin -~ 4-6 46 054  10-13 105 2.51 12-14 126 0.83
distance between E2 setae and Expp posterior margin 8-11 95 088  14-19 170 131 12-14 127 080
Pl length 8-10 86 066 9-13 105 122 812 100 132
PII length 22-26 246 1.07 2630 292 1.65 26-30 273 133
PIII length 23-27 252 121 26-30 279 0.88 27-30 287 0.96
length of PIV claw 1822 194 1.12 2428 256 155 2226 242 1.00
length of cheliceral segment | 78-84 820 1.74 129-140134.8 290 81-84 823 .16
length of PV 8 seta 150-231161.3 24.91 202-210205.6 2.99 130-163142.9 8.72

The Cpll and CpllI lateral margins are equal, and the
Cpl lateral marginistwice aslong. The C2 and C3 se-
tae are bipectinate, and the C1 and C4 setae are pecti-
nate (Fig. 1). The C1 and C4 setae are situated fairly
near to the coxal plates lateral margins, and the distan-
ce between the C1 seta and the Cpl lateral margin rea-
ch to about 2/3 of the distance between C4 and Cpll|
lateral margin (Table 1).

The excretory pore plate is rhomboidal, its width
dlightly exceeds its length. The excretory poreis situa-
ted posterior to the centre of the plate and posterior of
the E2 setae. The El setae are situated near to the Expp

anterior margin (Table 1, Fig. 1).

The pedipalps are typical for the larvae of Arrenurus
genus. ThePIII1 is bipectinate, the PV6 setais short
and thick (Fig. 1).

The first segment of the chelicerae has the form of an
elongated, clearly curved cylinder, strongly narrowed
posteriorly (Fig. 1).

The proportions of the segments are more or less the
same on each limb. The obviously shortest trochanter
constitutes about 2/3rds of thelength of thefemur and
genu which are of the same length; the tibiais 1.5
timeslonger and the tarsus twice aslong (Table2). The



Table 2. Dimensions (um) of leg segments

trochanter femur genu tibia tarsus
R RN Goicn TENGR RN (R Tnge e S rengemen Gaeet renge: memn St
El 1924 209 148 3035 323 132 30-36 316 1.82 3843 399 148 5662 589 197
EII 1822 197 086 3034 318 131 3034 314 125 4246 438 120  60-66 622 159
12229 260 248 3034 314 112 3034 317 126 4248 446 203 6267 638 150
§[ 2226 250 113 4245 431 096 3842 406 118 53-56 543 089 7075 723 142
§Il 2225 234 085 4046 428 157 3842 402 105 57-61 589 120  80-84 821 120
TN 2226 246 124 4245 436 102 3942 408 100 6266 639 088 8288 847 162
1 2226 240 131 3438 349 120 3335 346 085 46-53 S0.8 230 6667 664 065
§II 2427 260 126 3439 366 136  32-36 349 132 46-50 482 120 6671 684 157
h IIT 28-30 289 096 3638 366 066  33-37 351 133 4348 463 158 7077 736 192

ITi8 is thin and fairly long. The IITi10 is very long,
smooth and lies about one-third from the distal margin
of the tibia; the TIITi10 is short, thick, pectinate and
lies near to the distal margin of thetibia. The IIITall
and IIITal2 setae are smooth, and the IIITal3 setais
pectinate (Fig. 1).

M orphology of Arrenurusknauthei

Thedorsal plateis oval-shaped, widest in the middle
of itslength. The anterior marginisamost straight and
the posterior margin is fairly widely rounded. The an-
terior-lateral indents are very small with dlightly obtu-
se angles, and reach to about one-fifth of the plate wid-
th and one-seventh of itslength. The Lpl setais tripar-
tite; the remaining setae are smooth (Fig. 2).
The lateral margins of the Cpl are distinctly the lon-
gest, followed by CplIll and the shortest of lateral mar-
gin of CpIl (Fig. 2). Theratio of Cpl/CplIl/CpIII are
21111.3 respectively (Table 1). The posterior-lateral
margins of Cplll havefairly big indents where the cx-
cretory pore plate is situated. All the setae on the epi-
meres are pectinate. The distance between the C1 seta
and the Cpl lateral margin reach to about 213 of the dis-
tance between C4 and Cpll| lateral margin. Thedistan-
ce between Cl and C2 setae arefairly long (Table 1).
The excretory pore plate is oval-shaped, its width
dlightly exceeds itslength. The excretory poreissitua-
ted slightly posterior to the centre of the plate and

dlightly anterior of the E2 setae. The El setae are Si-
tuated fairly far from the Expp anterior margin (Table
I, Fig. 2).

The pedipalps are typical for the larvae of Arrenurus
genus. The PIIII is bipectinate, the PIV1 setais fairly
thin, long and pectinate; the PV6 and PV 8 setae are
long (Fig. 2).

Thefirst segment of the chelicerae has the form of an
elongated cylinder slightly narrowed posteriorly with
one margin slighly depressed and another one dligtly
convex (Fig. 2).

The proportions of segments are more or less the same
on eachlimb. The obviously shortest trochanter consti-
tutes about half of the length of the femur. The genu is
dlightly shorter then the femur; the tibiais 1.5 times
longer and the tarsus twice aslong (Table 2). TheITi8
isthin and fairly short, the IIGe3 and ITIGe3 setae are
fairly thick and bipectinate. The IIITall, IIITal2 and
IIITal3 are pectinate, and the IITi10 and IIITi10 are
smooth and situated about one-third from the distal
end of the tibia (Fig. 2).

M orphology of Arrenurus stecki

Thedorsa plateis oval-shaped, widest in the middle
of itslength. The anterior margin isamost straight and
the posterior marginis fairly widely rounded. The an-
terior-lateral indents are are fairly big with slightly ob-
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tuse angles, and reach to about one-third of the plate
width and one-fifth of its length. The Lpl setais tripar-
tite; the remaining setae are smooth (Fig. 3).

The lateral margins of the Cpl are distinctly the lon-
gest, followed by Cplll and the shortest of lateral mar-
gin of CpII (Fig. 3). Theratio of Cpl/Cpll/Cplll are
2.2/1/1.4 respectively (Table 1). The posterior-lateral
margins of Cplll havefairly big indents where the cx-
crelory pore plate is situated. All the setae on the epi-
meres are smooth (Fig. 3). The distance between the

C1 setaand the Cpl lateral margin reach to about 213 of
the distance between C4 and Cplll lateral margin. The
distance between C1 and C2 setae are fairly small
(Tablel).

The excretory pore plate is rhomboidal, its width
dlightly exceedsits length. The excretory poreis situa-
ted near the base of characteristic, pointed process,
posterior to the centre of the plate and posterior of the
E2 setae. The El setae are situated some distance from
the Expp anterior margin (Table 1, Fig. 3).

Fig. 2. Morphology of thelarva of Arrenurus knauthei: A - ventral side, B — dorsal side, C — excretory poreplate, D — pedipalp, E = chelicera, F

-legl, G —legII, H - leg II (see text).
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Fig. 3. Morphology of the larva of Arrenurus stecki: A — ventral side, B — dorsal side, C - excretory pore plate, D — pedipalp, E - chelicera, F-

legl, G -legIl, H - leg III (see text).

The pedipalps are typical for the larvae of the genus
Arrenurus. The P1II1 is bipectinate, the PV6 setais
fairly long; the PIV2 and PIV 3 setae are fairly long;
and the PV8 setaiisfairly short (Fig. 3).

The first segment of the chelicerae has the form of an
elongated, clearly curved cylinder, narrowed posterior-
ly (Fig. 3).

The proportions of segments are more or less the same

on each limb. The obviously shortest trochanter consti-
tutes about 2/3 of the femur and genu which are of the
samelength; the tibiais 1.5 timeslonger and the tarsus
twice as long (Table 2). The tarsi (particularly the IT
and III pair) are thick. TheITi7 isthin and fairly long.
TheIITi10 and IIITi10 setae are fairly thin, smooth
and they aresituated: 11Ti10 - about one-third from the
distal end of the tibia; IIITi10 — about one-half from
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distal end of thetibia. TheIlITal1, MTal2 and I1ITal3
setae are smooth (Fig. 3).

Discussion

Thelarvae of the three species described differ in si-
ze and in the size of their dorsal plates. The largest is
the larva of A. knauthei, followed by A. stecki and A.
nodosus (Table 1). All of them have oval-shaped, fair-
ly wide dorsal plates, similar to A. papillator (Zawal
2006¢), which differ in their larger anterior-lateral in-
dents. The largest, similar to A. papillator, anterior-ia-
teral indents are in the dorsal plate of A. stecki , the
smallest and the shortest anterior margin arein the dor-
sal plate of A. knauthei and thisis similar to A. crassi-
caudatus (Zawal 2006c). The anterior-lateral indents
in A. nodosus are larger then in A. knautlzei and smal-
ler thenin A. stecki, whichissimilar to A. mediorotun-
datus (Zawal 2006d). All of the three species described
have widely rounded posteriorly dorsal plates, but the
widest is in A. stecki, followed by A. nodosus and A.
knauthei.

Differences in the length of the coxal plates are
consequences of differencesin the body size. However
ratios in the length of the dorsal platesisthesamein A.
knauthei and A. stecki (Cpll is the shortes, followed by
Cplll and Cpl like in the most of Arrenurus species),
and clearly different in A. nodosus (length of Cpll and
Cplll isequal, and Cplll is clearly longer which is si-
milar to A. latus). The posterior-lateral margins of
Cplll in A. knauthei and A. stecki have fairly big in-
dents where the cxcretory pore plate is situated which
is similar to A. cylindratus (Zawal 2006d). There are
some differences in the appearance of the setae on the
coxa plates: al of them in A, stecki are smooth; all of
themin A. knauthei are pectinate; and the C2, C3 setae
are bipectinate, and the C1, C4 setae are pectinate in A.
nodosus.

Theexcretory pore platein A. nodosus isrhomboidal
like A. bruzelli (Zawal 2006b). The excretory pore
plate in A. knauthei is oval-shaped like that of A. latus
(Zawal 2006¢), and the excretory pore platein A. stec-
ki isintermediate in type between that of A. knauthel
and A. stecki, and is closest to A. cylindratus (Zawal
2006d), but it has pointed process which is characteris-
tic for only this species.

The pedipalps of the three species described are ty-
pical for the larvae of Arrenurus. They differ in the
sizes of the PIV2, PIV3 and PV 6 setae, and PIV1 -
pectinate in A. knauthei which is characteristic for on-
ly this species.

The shape of chelicerae of the three species are simi-
lar and they are like those in A. latus and A. bruzelli
(Zawal 2006b), their sizes are almost equal in A. nodo-

susand A. stecki, and they are clearly larger in A. knau-
thel.

Thetarsi of A. knautkei (particularly 11 and III pair)
are clearly longer and thiner than the two other, and
they are like the tarsi of A. bicuspidator (Zawal
2006f). The ITi8 in A. knauthei is clearly shorter than
in the other species. The IITi10 and IIITi10in A. knau-
thei and A. stecki are similar to each other and they are
situated in the same places, but in A. nodosus the II-
Til0 is very long and in IIITi10 is short, pectinate and
lies nearer to the distal end of the tibia than in both
other species. The IIGe3 and IIIGe3 in A. knauthei is
thicker than in both of the other species and pectinate,
likein A. latus. The IIITall and I1ITal2 setaein A.
knauthei are pectinate, and in A. nodosus and A. stec-
ki are smooth. It should be pointed out that many of
the secondary setae are difficult to see under the mi-
croscope, and are therefore not a good systematic cha-
racter.
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