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Out of a total of 20 adult T. pallidinervis specimens (Odonata), collected in Tamil
Nadu, India, 164 larvae of Arrenurus sp. were found; prevalence: 57.5%, intensity:
5-12. They were attached to the mesosternum and metasternum. Their morphology
is very similar to that of 4. cuspidator and A. maculator, but differs by the absence of
Mpl tripartite seta, V2 seta and secondary seta in PIII 1 and the presence of second-
ary setae on both sides of V3 setae. They also differ from A. maculator by the absence
of hairbrush on the base of Cl1 seta.

INTRODUCTION

The genus Arrenurus has many species and is a particularly important group
among the Hydracarina. Species of the genus live in almost all biotopes and in
most zoogeographic regions. This genus, as with other freshwater mites, has been
studied mostly from the point of view of the morphology and taxonomy of the
adult stages. Larvae of most water mite species parasitize aquatic insects and this
is how water mites disperse and colonize new water bodies (MITCHELL, 1970;
BOHONAK, 1999; BOHONAK et al., 2004).

Water mites can be classified into two groups, depending on which insect or-
der they parasitize: parasites of insects whose imagines stay under water or on
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its surface, leaving the water only sporadically (Coleoptera and Hemiptera) and
those parasitizing insects whose imagines are terrestrial/aerial while only their pre-
imaginal stages are aquatic (Odonata, Trichoptera, Diptera) (ZAWAL, 2006a).
Different genera of water mites parasitize particular orders of aquatic insects.
For example, Hydrachna and Eylais parasitize Coleoptera and Heteroptera, re-
spectively; Limnochares parasitize Heteroptera (SMITH, 1988) and Odonata
(SMITH & COOK, 1991) and Arrenurus parasitise Odonata, Coleoptera and
Diptera (SMITH & COOK, 1991; BOTTGER & MARTIN, 2003; ZAWAL,
2006a). Larvae from different Arrenurus subgenera are specific to insect orders:
Arrenurus s. str. to Odonata adults and larvae (DAVIDS, 1997; ROLFF et al.,
2001; BAKER et al., 2006). Regarding parasitism by water mite larvae, most pa-
pers are concerned with adult insects (MITCHELL, 1959; STECHMANN, 1977;
ZAWAL, 2006a) and little attention has been paid to the relationship between the
larvae of water mites and those of insects (ZAWAL, 2006a; BAKER & SMITH,
1997). Water mite larvae may influence Odonata populations, as indicated by mite
larvae which remain on exuviae of Odonata which failed to moult from the final
stage larvae to imagos (ZAWAL, 2006a). The larval morphology of the genus
Arrenurus has been studied by IMAMURA & MITCHELL (1967), PRASAD
& COOK (1972), STECHMANN (1977), VAJINSTEJN (1980), SMITH (1990)
and ZAWAL (2006b).

The aim of this paper is to present the first record of the parasitization of
Trithemis pallidinervis by Arrenurus sp. larvae, together with a description of the
larval morphology, paying particular attention to those features which differ from
A. cuspidator and A. maculator; also to compare the last two species with the ear-
lier description by ZAWAL (2006b).

MATERIAL AND METHODS

Twenty Trithemis pallidinervis (Kirby) adults collected from a marshy land area near a pond at
Ariyalur (altitude: 75 m a.s.L,, latitude: 1°8 and longitude: 79°5°), Tamil Nadu, India, were examined
under a stereo zoom microscope. The water mite larvae were loosely attached on the ventral side of
the dragonflies, from where they were removed using a camel hair brush/forceps. They were mounted
in Hoyer’s medium and permanent slides were prepared. Measurements of the important taxonomic
structures of 10 mites were made with the help of a calibrated ocular micrometer.

The material is deposited in the Department of Agricultural Entomology, Acarology Laboratory,
Tamil Nadu Agricuitural University, Coimbatore, India and in the Department of Invertebrate Zo-
ology and Limnology, University of Szczecin, Szczecin, Poland.

The setal notation follows, with some modification, that of PRASAD & COOK (1972) (Lpl, Lp2,
Mpl, Mp2, Mhl: setae on dorsal plate; — Hu, Mh2-Mh4 and Lh1-Lh3: setae on dorsal side out-
side of dorsal plate; — C1-C4: setae on coxal plates; — V1-V4: setae on ventral side outside of coxal
plates; — EI1, E2: setae on case excretory pore plate PII1; — PIII1-2, PIV1-3, PV1-8: setae on par-
ticular segments of pedipalp; — ITrl: setae on trochanter of leg I; — IFel-7: setae on femur of leg
I; — IGel-5: setae on genu of leg I, — ITil- 9: setae on tibia of leg I; — 1Tal-14: setae on tarsus of
leg I; — IITrl: setae on trochanter of leg II; — IIFel-7: setae on femur of leg IT; — IIGel-5: setae of
genu leg IT; — IITil-11: setae on tibia of leg II; — 11Tal-14: setae on tarsus of leg II; — III'Trl: setae
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Fig. 1. Arrenurus sp.: (A) dorsal plate; — (B) ventral side; — (C) pedipalp; — (D) excretory pore
plate; — (E) leg I; — (F) leg II; — (G) leg III. — [Scale bars: A: 50 um, — B: 100 pm, — C: 20 pym,
— D: 10 pm, — E, F, G: 20 um]
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on trochanter of leg III; — IIFel-7: setae on femur of leg III; — IIIGel-5: setae of genu of leg III;
— IIITil-11: setae on tibia of leg III; — I11Ta3-14: setae on tarsus of leg III) (Fig. 1).

The measured characters based on 10 Arrenurus sp. larvae which were removed from particular
hosts are reported with their ranges, mean values and standard deviations. The leg segments were
measured along their distal margins. The measured characters of 4. maculator and A. cuspidator
came from ZAWAL (2006b) and are based on 10 individuals of each species.

In this paper, the following abbreviations are used: Cp: coxal plate, ~ Exp: excretory pore, —
Expp: excretory pore plate.

RESULTS

On 20 specimens of adult Trithemis pallidinervis, 164 larvae of Arrenurus sp.
were found: prevalence: 57.5%, intensity: 5-12. They occurred only on females
and were attached to the ventral side of the body. The preferred areas were the
mesosternum and metasternum. These larvae have not been named and described
earlier. Therefore we add a short morphological description.

MORPHOLOGICAL DESCRIPTION

Material examined. — 5 larval slides, India: Tamil Nadu, Coimbatore, 12-VIII-2006, ex
Trithemis pallidinervis. Coll. V. Radhakrishnan (No. 260/5).

The dorsal plate is egg-shaped, with a bend in the anterior lateral sides and a
rounded posterior margin. The antero-lateral indents are relatively deep (Fig. 1A).
The dorsal plate setae as Mpl, Mp2, Lpl, Lp2, Mhl and Mh2 are thin, long and
smooth. The dorsal plate length and width, the Cpl medial margin length and
the Cpll medial margin length are all shorter than in A. maculator and A. cus-
pidator. The Cplll medial margin length and the distances between Mp1-Mpl,
Lpl-Lpl and Lp2-Lp2 are longer than in A. cuspidator. The distances between
Mp2-Mp2, Mh1-Mp2, Mpl-Lp2 and Mpl-Mp2 are shorter than in 4. macula-
tor and A. cuspidator (Tab. I).

The C1, C2, C3 and C4 setae bear secondary setae on both sides. The brush of
hairs on the base of Cl seat is not present. The distance between the C4 seta and

Table II
Number of setae on leg segments of Arrenurus maculator, A. cuspidator (ZAWAL 2006b) and
Arrenurus sp.

Species Legs Trochanter  Femur Genu Tibia Tarsus
Arrenurus maculator I 1 7 5 9 14
and A. cuspidator II 1 7 5 11 14

111 1 6 5 0 11
Arrenurus sp. I 1 7 5 14

I 1 7 5 11 14

I 1 6 5 10 12
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Table 111
Dimensions (in wm) of leg segments of Arrenurus maculator, A. cuspidator (ZAWAL 2006b) and Arrenurus sp.

Femur Genu Tibia Tarsus

Trochanter

Legs

Species

mean sd range mean sd  range mean sd range mean sd  range mean sd

range

58-61 596 0.68

1.37
0.

42.7

1.66 4145

1.14 4750

1.07
1.25
2.56
1.95
0.93

1.

4.9
8.5

2
2

21-26
26-30

1.17

0.

26.6
3

3
2

24-28

0.70
0.76

0.80

17.5
1

16-18

I
I
I

I
II
111

I
11
111

A. maculator

1.19
2.26
2.30
2.87
3.17
1.20
1.19

1.60

62-66 64
59-66

77
50-58

3

45-50 470

3642

48

88

0.3
0.2
7.2

29-32
28-32
24-31

8.6

18-20
18-21
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63.8

1.92
2.01
1.65

294

28-31

1.45
1.85

1.92

19.3

55.5

40.7

25.0

23-27
21-28
22-29
29-31

1.02
091
1.32
1.00
1.18
143

18.0

16-20

A. cuspidator

61.8

55-64

4046 43.1

4148
45-46
47-50
48-53

25.1

304
2

26-32

17.4

16-18

62.3

200 5464

0.56
1.00

1.58

454
453
48

26.6

31
1.41
1.68
0.74

3.

7.6

22-32

18.7
23.8

16-21

58.2

56-60

29.8
3

33.6
3
3

32-36

34-39

22-26
24-28

Arrenurus sp.

64.0

62-70
65-70

8

34 80

30-37
30-37

5.8
6.6

258

674

50.3

2.00

34.1

36-38

27.1

26-30

standard deviation

sd

the median CplII edge is longer
that the distance between the Cl
seta and the Cpl margin. The dis-
tance between C1 and C2 setae is
longer than the distance between
the C4 seta and the median CplII
edge and the distance between the
C1 seta and the Cpl margin (Tab.
I).

The dorsal and coxal plates fea-
ture a microrelief in the form of a
regular porous reticulum (Fig. 1 B).
The excretory pore plate width and
length are almost equal, the plate
surface bearing two pairs (E1 and
E2) of short setae (Fig. 1D). The
palps have a pronounced tooth
and three setae on segment IV.
Segment V bears 8 setae. One seta
(PV1)isasolenidion, another one
(PV6) is relatively short and stout,
PV7 is characteristically bent and
bears secondary setae on one side
and seta PV8 is very long (113.8)
and bears secondary setae on both
sides. The remaining setae (PV2,
PV3, PV4 and PV5) are smooth.
Segment II1 bears 2 smooth setae
one of which is larger than the oth-
er. Segment I1 has a single smooth
seta (Fig. 1C).

Each leg has five segments, the
last segment bearing three claws
(Figs 1E, F, G). The number of se-
tae on each segment is given in Ta-
ble II. The genu of each leg bears
a single solenidion (IGel, IIGel,
IIIGel), tibia I and II feature two
solenidia each (ITil, ITi2, IITil,
IITi2), tibia 111 shows one solenid-
ion (IIITil) and the tarsi of legs I
and II each bear one solenidion
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(ITal, IITal). The tarsi of legs I and II each bear a single eupathidium (ITa2,
IITa2). The femur of leg III lacks IIIFe2 seta. The setae of 1GeS, ITi9, 11GeS,
II Ti9, IITil 1, I1IGe5, IIITi9 and I1ITil1 bear characteristically long secondary
setae on one side only, spaced widely apart which are a general character of Ar-
renurus larvae.

The proportions between the segments of each leg are more or less identical.
The trochanter is clearly the shortest segment, its length being equal to about
2/3 of that of the femur and genu which are almost equal in length; the tibia and
tarsus are 1.5 and 2 times longer, respectively than the genu (Tab. III). The ven-
tral margins of the genu are clearly convex and show characteristic indents, the
ventral margins of the tarsus being slightly concave. The remaining margins of
all the segments are almost straight.

DISCUSSION

Although this is probably the first record of odonate parasitization by water
mites from southern Asia, the phenomenon was reported from various other
Asian regions, such as Kazakhstan (KLIMSHIN & PAVLYUK, 1972) and Japan
(IMAMURA, 1951a, 1951b; IMAMURA & MITCHELL, 1967). Many authors
have mentioned that Zygoptera are more frequently infected by Arrenurus larvae
than Anisoptera (SMITH & COOK, 1991; CONROY & KUHN, 1997; DAV-
IDS, 1997, ZAWAL, 2004, 2006a, 2006¢c; BAKER et al., 2006, 2007; ZAWAL &
DYATLOVA, 2006, 2008). Therefore a new record of an infected anisopteran is
of interest, particularly so as it concerns a new host species and genus. In the case
of this and former records of Arrenuruslarvae attached to dragonflies, they occur
mainly on the ventral side of the thorax and abdomen (MUNCHBERG, 1935,
1963; CASSAGNE-MEJEAN, 1966; MITCHELL, 1959, 1961, 1965; FORBES
et al., 1999, 2002; ZAWAL, 2004, 2006a), although A. papillator and A. postula-
tor, which infect Sympetrum meridionale and S. fonscolombii are attached to the
wings (MUNCHBERG, 1935, 1963, 1982; CASSAGNE-MEJEAN, 1966; ZA-
WAL & JASKULA, 2008).

The description of the new Arrenurus sp. larval morphology given above is in
general agreement with the earlier descriptions of congeneric larvae. The number
of setae agrees with the data reported by PRASAD & COOK (1972), STECH-
MANN (1977) and SMITH (1978). VAINSTEJN (1980) and TUZOVSKIJ (1987)
mentioned a higher number of eupathidia on the legs. The larval morphology of
this new species is very closely related to that of A. cuspidator and A. maculator
(ZAWAL, 2006b. The 1Ge5, ITi9, I1Ge5, 1ITi9, 1ITil 1, I11GeS, I1ITi9 and I1I-
Till setae bear characteristically long secondary setae, spaced widely apart (Fig.
1) which are a general character of Arrenurus larvae.

According to ZAWAL (2006b), the larval stage of Arrenurus sp. is similar to
A. maculator and A. cuspidator in most of the morphological characters but dif-
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fers in a few, such as the shape of Expp, by the V2 seta and secondary seta in PIII
1 and by the presence of secondary setae on both the sides of V3setae. Also, the
location of Exp in the Arrenurus sp. from India Exp is above the E2 setae, whereas
in A. maculator and A. cuspidator it is below the E2 setae. Furthermore it differs
from A. maculator by the absence of a hairbrush on the base of Cl1 seta. Its tarsal
(III) leg setation was different from that of 4. maculator and A. cuspidator (Tab.
II). Secondary setae (IIITr1 and I1IFe7) were found on one side in 4. maculator
and A. cuspidator as against simple setae in the new Arrenurus sp. Similarly sec-
ondary setae (I11Fe4, I11Ge2, IIITi7 and IIITi8) occur on both sides in 4. macu-
lator and A. cuspidator, but only simple ones in the new species.

The larva of Arrenurus sp. is easily distinguished from that of A. agrionico-
lus Uchida and A. mitoensis Imamura described from Japan (IMAMURA &
MITCHELL, 1967) by the shape of Expp and the locality of Exp (below the E2
setae) and by the number of setae on tarsus III.

It should be mentioned that many of the secondary setae were visible at 1250%
magnification using the Nikon microscope, but could not be discerned with a
lower resolution microscope (Jenaval).

ACKNOWLEDGEMENTS

We thank R.A. BAKER, University of Leeds for corrections of the text. We also thank the Project
Co-ordinator, Indian Council of Agricultural Research, Network Project on Insect Biosystematics,
New Delhi for extending the support.

REFERENCES

BAKER, R.A,PJ MILL & A. ZAWAL, 2006. Mites on aquatic insects studies in biodiversity and
exploitation. Proc. 2nd Int. Symp. Ecologists Montenegro, Kotor, pp. 1-9.

BAKER,R.A., PJ MILL & A. ZAWAL, 2007. Mites on Zygoptera, with particular reference to Ar-
renurus species, selection sites and host preferences. Odonatologica 36: 339-347.

BAKER, R.L. & B.P. SMITH, 1997. Conflict between antipredator and antiparasite behaviour in
larval damselflies. Oecologia 109: 633-628.

BOHONAK, A.J, 1999. Effect of insect-mediated dispersal on the genetic structure of postglacial
water mite populations. Heredity 82: 451-461.

BOHONAK, A.), BP. SMITH & M. THOMTON, 2004. Distributional, morphological and
genetic consequences of dispersal from temporary pond water mites. Freshw. Biol. 49:
170-180.

BOTTGER, K. & P. MARTIN, 2003. On the morphology and parasitism of Arrenurus globator (O.F.
Miiller, 1776) (Hydrachnidia, Acari) a water mite with an unusually extensive host spectrum.
Acarologia 43(1): 49-57.

CASSAGNE-MEJEAN, E,, 1966. Contribution a I'étude des Arrenuridae (Acari, Hydrachnellae) de
France. Acarologia (Suppl.) 8: 1-186.

CONROY, J.C. & JL. KUHN, 1997. New annotated records of Odonata from the province of
Manitoba with notes on their parasitism by larvae of water mites. Manitoba Ent. 11:
27-40.

DAVIDS, C., 1997. Watermijten als parasieten van libellen. Brachytron 1(2): 51-55.



Trithemis pallidinervis parasitized by Arrenurus 251

FORBES, M.R., K.E. MUMA & B.P. SMITH, 1999. Parasitism of Sympetrum dragonflies by Ar-
renurus planus mites: maintenance of resistance particular to one species. Int. J Parasitol.
29: 991-999. :

FORBES, M.R., K.E. MUMA & B.P. SMITH, 2002. Diffuse coevolution: constrains on a general-
ist parasite favor use of a dead-end host. Ecography 25, 345-351.

IMAMURA, T, 1951a. Studies on water mites parasitic on a dragonfly from Ozegahara Nikko. Jap.
J. sanit. Zool. 1: 5-8. — [Jap.]

IMAMURA, T, 1951b. A new water mite, Arrenurus daisetsuensis n. sp., with a note on its life his-
tory. J Fac. Sci. Hokkaido Univ. (VI) 10(2): 106-112.

IMAMURA, T. & R. MITCHELL, 1967. The water mites parasitic on the damselfly, Cercion hiero-
glyphicum Brauer. 1. Systematics and life history. Annotnes zool. jap. 40: 28-36.

KLIMSHIN, A S. & R.S. PAVLYUK, 1972. Bank vegetation biotopes of the Kurgaldzhi lake-low-
land district as the main invasion foci of some animal parasites. Materialy geobotanicheskogo
issledovania severnogo Kazakhstana, pp. 116-121. Lvov Univ., Lvov. — [Russ/)

MITCHELL, R., 1959. Life histories and larval behaviour of arrenurid water mites parasitizing
Odonata. JI N. Y. ent. Soc. 67: 1-2.

MITCHELL, R., 1961. Behaviour of the larvae of Arrenurus fissicornis Marshall, a water mite para-
sitic on dragonflies. Anim. Behav. 9: 3-4.

MITCHELL, R., 1965. Host exploitation of two closely related water mites. Evolution 21: 59-75.

MITCHELL, R., 1970. An analysis of dispersal in mites. Am. Nat. 104: 425-431.

MUNCHBERG, P, 1935. Zur Kenntnis der Odonaten-Parasiten, mit ganz besonderer Beriicksich-
tigung der Okologie der in Europa an Libellen schmarotzenden Wassermilbenlarven. Arch.
Hydrobiol. 29: 1-122,

MUNCHBERG, P,, 1963. Nochmals zur Biologie und Ethologie der Wassermilbe Arrenurus (A.)
papillator (O.F. Miill.), zugleich kritische Bemerkungen zu einigen durch den Parasitismus
der Larven der Arrenuri aufgegebenen Problemen (Acari, Hydrachnellae). Gewdss. Abwiiss.
32:44-77.

MUNCHBERG, P, 1982. Zur Parasitierung der Fliigel von Sympetrum meridionale und fonsco-
lombei Selys (Odonata) durch die Larven von Arrenurus (A.) papillator (Miill.) (Acari, Hy-
drachnellae) und zugleich zur Spezifitit und den Voraussetzungen dieses Parasitismus. Arch.
Hydrobiol. 95: 299-316.

OLIGER, A 1, 1975. K voprosu zarazhennosti strekoz (Odonatoptera) kleshchami semeystva Arren-
uridae v Donbase. Probl. Parasitol., Naukova Dumka, Kiev 2: 78-80. — [Russ.)

PAVLYUK, R.S., 1968. Ob ektoparazitah strekoz (Odonata) lichinkah vodyanyh kleshchey roda
Arrenurus. Vsesoyuz. Soveshch. po boleznyam i parazitam ryb i vodnyh bespozvonochnyh, pp.
91-92, Nauka, Leningrad. — [Russ.]

PRASAD, V. & D.R. COOK, 1972. The taxonomy of water mite larvae. Mem. Am. ent. Inst. 18:
1-326.

ROLFFE, J, P. BRAUNE & M.T. SIVA-JOTHY, 2001. Ectoparasites do not affect ejaculate volume
in the dragonfly Coenagrion puella. Physiol. Ent. 26: 315-319.

SMITH, B.P, 1988. Host-parasite interaction and impact of larval water mites on insects. Annu.
Rev. Ent. 33: 487-507.

SMITH, B.P, 1990. Description of larval Arrenurus bartonensis Cook, Arrenurus birgei Marshall,
Arrenurus neobirgei Cook, and Arrenurus rotundus Marshall (Acari: Hydrachnidia; Arrenu-
ridae). Can. Ent. 122:77-91.

SMITH, 1.M,, 1978. Descriptions and observations on host associations of some larval Arrenuroi-
dea (Prostigmata: Parasitengona), with comments on phylogeny in the superfamily. Can.
Ent. 110: 957-1001.

SMITH, .M. & D.R. COOK, 1991. Water mites. In: JH. Thorp & A.P. Covich, [Eds], Ecology and
classification of North American freshwater invertebrates, pp. 523-592, Academic Press, New



252 V. Radhakrishnan, A. Zawal & K. Ramaraju

York.

STECHMANN, D.H., 1977. Zur Morphologie mitteleuropiischer Arrenurus-Larven (Hydrachnel-
lae, Acari). Acarologia 18(3): 503-518.

TUZOVSKIJ, PV, 1987. Morphology and postembryonic development in water mites. Nauka, Mos-
cow. — [Russ]

VAINSTEJN, B.A., 1980. Key 10 water mite larvae. Nauka, Leningrad. — [Russ.]

ZAWAL, A., 2004. Parasitizing of dragonflies by water mite larvae of the genus Arrenurus in the
neighbourhood of Barlinek (NW Poland). Zoologica Pol. 49: 37-45.

ZAWAL, A., 2006a. Larvae of water mites of the genus Arrenurus occurring on Odonata from Lake
Binowskie. Biol. Lett. 43: 257-276.

ZAWAL, A., 2006b. Morphology of larval stages of Arrenurus cuspidator (O. F. Miiller) and A.
maculator (O. F. Miiller) (Hydrachnidia, Acari). Zootaxa 1194: 57-68.

ZAWAL, A, 2006c. Relationships between dragonflies and water mite larvae (Hydrachnellae) of the
genus Arrenurus. Postepy polskiej Akarologii, pp. 465-476.

ZAWAL, A. & E.S. DYATLOVA, 2006. Preliminary data for partasitizing on Ischnura elegans (Vander
Linden, 1820) (Odonata: Coenagrionidae) by Arrenurus (Hydrachnidia, Acari) larvae from
Odessa province (Southwestern Ukraine). Proc. 2* Int. Symp. Ecologists Montenegro. Ko-
tor, pp. 17-20.

ZAWAL, A. & E.S. DYATLOVA, 2008. Parasitizing on damselflies (Odonata: Coenagrionidae) by
water mite (Hydrachnidia, Acari) larvae from Odessa province (Southwestern Ukraine). Na-
tura montenegrina 7: 453-462.

ZAWAL, A. & R. JASKULA, 2008. First data of parasitizing on Sympetrum meridionale (Sé-
lys) by Arrenurus (Hydrachnidia, Acari) larvae from Montenegro. Natura montenegrina 7:
354-359.



