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ABSTRACT : Development of Hemisarcoptes coccophagus Meyer was uninterrupted 
by a hypopodial stage upon being reared on its prey, healthy armored scale insects 
(Homoptera : Diaspididae). However, when mite eggs were placed on moribund 
scales, hypopodes were formed. Over 500 field-collected male and female Chiloco
rus bipustulatus (L.) (Coleoptera : Coccinellidae), the vector of H. coccophagus, 
were examined, and an equal Joad of hypopodes was found on both sexes. Hypo
podes were significantly attracted to Chilocorus in choice tests, both beetle sexes 
evoking a simiiar response. Very few hypopodes molted at low or high relative 
humidities. Mechanism of hypopus induction in H. coccophagus thus resembles 
that known from sorne stored food mites, but"the factors causing hypopus molting 
appear to be different. 

RÉSUMÉ : Le développement de Hemisarcoptes coccophagus Meyer ne fut pas inter
rompu par un stade hypope lorsqu'il était élevé sur de saines cochenilles à bouclier 
(Homoptera : Diaspididae). Cependant, quand les œufs des Acariens étaient placés 
sur des cochenilles moribondes, des hypopes furent formés. Prélevés dans les 
champs, plus de 500 mâles et femelles de Chilocorus bipustulatus (L.) (Coleoptera : 
Coccinellidae), le vecteur de H. coccophagus, furent examinés. Une quantité égale 
d'hypopes fut trouvée dans les deux sexes. Lors du test de choix, les hypopes 
furent attirés de manière significative vers Chilocorus. Les Coléoptères des deux 
sexes évoquent une réponse similaire. 

Très peu d'hypopes muèrent à faible et fort taux d'humidité relative. Le méca
nisme d'induction de l'hypope chez H. coccophagus ressemble donc à celui connu 
chez certains acariens des nourritures entreposées, mais le facteur produisant la 
mue de l'hypope semble être différent. 

INTRODUCTION romorphic stadium, the hypopus, between their 
first and third nymphal instars. The hypopus is 
usually invested in a yellow-to-brown, hard cuticle 
(in contrast to the whitish, soft derm of all other 
instars) and lacks functional mouth parts. On 
the other hand, it is equipped with ventral suckers 
or claspers, with which it may attach itself to pas-

Approximately lOO years have passed since 
MICHAEL (1884) opened new vistas in acarological 
research with his publication on '' The hypopus 
question ". MICHAEL established that certain 
mites in the order Astigmata pass through a hete-
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sing animais. The organs of attachment and the 
darkish strong cuticle suggest that the hypopus 
serves to disseminate these mites. Hypopodes 
occur in the !ife cycle of free-living as weil as 
parasitic species, and may or may not be formed 
in any given generation (HUGHES, 1976 ; KRANTZ, 
1978 and citations therein). 

Hypopus formation appears to be induced by 
severa! quite disparate groups of factors. One 
group comprises environmental conditions which 
slow down the rate of larval and protonymphal 
deve!opment (CHMIELEWSKI, 1971 ; GRIFFITHS,' 
1966, 1969; MATSUMOTO, 1978 ; WALLACE, 
1969). Another group appears to be associated 
with phenological events , hypopodes being produ
ced only in concert with the appearance of their 
specifie vectors (FASHING, 1976 ; ROBINSON, 
1953). The discovery of hypopodes which are 
parasitic during their hypopodial stage(s) (FAIN, 
1969) indicates that hypopus formation cao also 
be an obligatory phase in the life of sorne species, 
independent of any environmental or phenological 
events. No theory capable of accommodating ali 
observed phenomena related to hypopus forma
tion has yet been formulated. 

Hypopus behavior in regard to insects which 
transport them has seldom been studied, being 
mainly confined to lists of hypopodes and their 
vec.tors (i.e . , ZAKHVATKIN, 1959). GREENBERG 
(1961), GREENBERG and CARPENTER (1960) and 
THOMA~ (1961) provided sorne suggestive data 
concerning the orientation of hypopodes towards, 
and their preference for, specifie vectors. 

Hypopodial molt (apo!ysis) has been 'attributed 
to addition of fresh food to the culture, to higher 
ambient relative humidities or to changes in the 
osmotic pressure (CUTCHER and WOODRING, 
1969, and papers cited therein). FAIN (1977) and 
Kuo and NESBITT (1970) regularly obtained trito
nymphs upon transferring hypopodes of parasitic 
and stored-food mites, respectively, to very humid 
(close to saturation) conditions . 

The species whose hypopodes have so far been 
studied live in stored food, in seewage, in water
filled tree hales or in vertebrate hasts. No com
parative data w~re available for Astigmata parasi
tic on invertebrates, like Hemisarcoptes, which 

feeds on armored scale insècts (Homoptera : Dias
pididae). ln a former paper (GERSON and 
SCHNEIDER, 1981) we reported on the biology of 
H. coccophagus Meyer and on its relationships 
with its host sca!es. The present essay deals with 
the hypopus of H. coccophagus (F(gs 1-2) . 

HYPOPUS FORMATION 

• Methods : Mite culture, described in detail 
in the former paper, will herein be recapitulated. 
Armored scale insects (usually the California red 
scale, Aonidiella aurantii (Maskell) were reared on 
green lemons. The shield of young females was 
removed and replaced by an artificial, transparent 
caver made from collodion. Hemisarcoptes eggs 
were then introduced beneath the artificial shield 
and their subsequent development (at 28°C) 
observed through the transparent caver. 

A total of 120 such scales, each with three mite 
eggs, were divided into four groups : A, in which 
the scales were not touched and remained 
healthy ; B, in which only moribund scales were 
used, most dying during the mites' larval or pro
tonymphal instars ; C, in which only freshly-killed 
scales were utilized, and D, in which scales were 
pricked (subsequently causing their death) as soon 
as mite larvae were observed to feed on them. 

• Results : Ali mites in Group A developed to 
tritonymphs directly from protonymphs, no hypo
podes occurring amongst them. In Group B, 
about 80 07o of the protonymphs molted to hypo
podes. Those of Group C left the dead scales 
shortly after hatching, anà most of the Group D 
mites did likewise, except for a few which, having 
remained, molted to hypopodes. The hypopodial 
instar is thus not obligatory for the development 
of H. · coccophagus. Live, healthy hasts ensured 
an uninterrupted cycle, whereas inadequate food 
during the early active stages promoted hypopus 
formation . 

Hemisarcoptes - Chilocorus INTERACTIONS 

The hypopodes of Hemisarcoptes have a world

wide, close association with lady-beetles (Cocci-
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FIG. 1-2. : Hemisarcoptes coccophagus Meyer. Hypopus, dorsum (!), venter (2). 

nellidae) of the genus Chilocorus, different species 
of the former being disseminated by various spe
cies of the latter (GERSON, i967). The hypopo
des of H. coccophagus occur under the elytra of 
C. bipustulatus (L.) (Figs 3-4) in Israel, being 
especially abundant in late summer (GERSON, 
1967). During the present study we made field 
observations to assay the occurrence of hypopodes 
on either sex of the beetle, and laboratory tests to 
observe the pattern of Hemisarcoptes attraction to 
Chi/ociJrits. 

• : Field studies : A total of 510 beetles were 
collected from eight citrus groves, sexed and then 
examined for presence of Hemisarcoptes hypo
podes. Female beetles predominated at ali sites 
(Table 1), but mite colonization was even on both 

TABLE 1 : Presence of hypopodes. of Hemisarcoptes coccophagus on 
field-collected Chilocoms bipustu/atus beetles. 

Sample Beetles 
Beetles ("lo) Hypopodes (No.) 

with hypopodes /beetle 

Site Total females "lo Females Males Females Males 

1 70 60.0 \ 52 53 8 7 

2 78 53.8 33 50 4 4 
42 66.7 100 100 34 29 

4 58 79.3 Il 33 3 5 
· 5 67 70.1 63 64 16 22 

6 70 68.6 21 18 5 3 
7 60 81.7 58 55 11 8 

65 73.8 42 38 9 7 

Total/ 510 69.2 
Average 

47.5 51.4 11.2 10.6 

sexes. Furthermore, at sites 3 and 5, whence most 
beetles carried hypopodes, female as weil as male 
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FIG. 3 : The venter of an elytron of Clzilocorus bipuslllla
tus (L.), with hypopodes of Hemisarcoptes coccophagus 
Meyer in situ. 

FIG. 4 : A single hypopus of Hemisarcoptes coccoplzagus 
Meyer on the ventral side of an elytron of Clzilocorus bipus-
lll/atus (L.). · 

Chi/acarus were heavily infested. These data 
suggest that the hypopodes of H. coccaphagus are 
equally attracted to both sexes of C. bipustulatus, 
colonizing ali available beetles in their habitat. 

Ill Labaratory studies : Preliminary observa
tions indicated that hypopodes of Hemisarcoptes 
tended to move towards adult Chilacorus upon 
being placed together in a closed petri dish. A 
series of preference experiments was therefore run 
using a specially-constructed choice unit. This 
deviee was made from three plastic containers 
( 13 inch each) original! y used for storing micros
cope glass covers, and now utilized as three cells 
placed in tandem. Two holes were bored · on 
either side of the middle cell, flush with its bot
tom, and glass tubes (5 cm long, inner diameter 
0.5 cm) glued there. These tubes were connected 
to holes bored in the appropriate side of each of · 
the flanking cells. Hypopodes, obtained from 
the cultures, were placed in the middle cell and 
beetles in the side ones. The beetles used were 
individually reared (on A. aurantii, in a culture 
totally free of Hemisarcaptes) so as to prevent the 
sexes from coming in contact and thus contami
nating each other. Containers were then covered 
and the unit placed parallel to a· light source, at 
approximately 24°C. Mite movement was recor
ded for three days ; hypopodes observed moving 
in the connecting glass tubes towards either of the 
side cells or which had already reached them were 
considered as positives. 

Experiment 1 : A total of 141 hypopodes (in 
eight groups or replicates) were placed in the 
middle cel!, the side ones being left empty. 
Seventy (49 OJo) were seen in motion towards one 
or another of the cells during the experimental 
period. Hypopus movement is thus not totally 
dependent on vector presence. 

Experiment 2 : Two beetles were closed in one 
side cell, the other being left empty. Number of 
hypopodes (out of 150 used, in eight replicates) 
which were moving towards, or had reached, the 
inhabited cell was compared with those recorded 
in motion during Experiment 1. A total of 127 
(84. 7 OJo) had moved, ali to the Chi/ocarus-con
taining cells. Results of a chi-square test (cor-



rected for continuity) were xi = 39.18, a < 
0.01. In other words, the hypopodes of H. coc
cophagus have a direct movement towards C. 
bipustulatus. 

Experiment 3 was conducted to examine the 
possibility that either of the sexes of Chilocorus is 
differentialiy attractive to Hemisarcoptes. Two 
female beetles were placed in one side celi, and 
two males in the other. Great ca re was taken to 
use the sa me ce lis for either gender in ali (1 0) 
replicates (with 200 hypopodes). An almost 
equal number of hypopodes (98 : 97) moved to 
each side (sex), so that female and male beetles 
may be said to be equaliy attractive to Hemisar
coptes. 

During experiments 2 and 3 it was observed 
that most motion took place within the initial two 
days, 53 o/o of the hypopodes moving in the first, 
41 % in the second. This indicates the celerity 
with which hypopodes of Hemisarcoptes sense 
and move towards their vector in the field. 

HYPOPUS MOL TING 

Ill Methods: Hypopodes (of indeterminate age) 
were obtained from the cultures or coliected off 
elytra of Chi!ocorus. They were placed in smali 
plexiglass cages (4.0 x 2.5 cm) which were pad
ded with dark filter paper, covered with micros
cope glass slides and held in place by metal clips. 
The hypopodes were exposed (at 22 ± 1 oq to the 
foliowing treatments : A. Ambient relative humi
dities (ca. 40-50 %) ; B. Saturation ; C. As in 8, 
but with lives bodies of the California red scale ; 
D. Submerged in distilied water. In addition, 
irregular observations were made of hypopodes 
kept with live scales at 80 % r.h. and 28 °C. 

Ill Results : Hypopus survival was quite diffe
rent under the various humidity conditions, but 
ali induced only very little molting (Table 2). 
The low, similar rates of apolysis obtained in 
Treatments A and B suggest that humidity levels 
by themselves do not promote molting, nor does 
the addition of host scales (Treatment C). Very 
little (ca. 6 %) apolysis was also recorded in 
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regard to the hypopodes under irregular observa
tions. Ali molts took place during the experi
ments' first three days. The prolonged survival 
while submerged (Treatment D) is difficult to 
interprete, as neither mites nor beetles are aquatic. 

TAULE 2 : Survival an<! malling of hypopodes o f Hemisarcoptes coc
coplwgus un<ler various experimental co nditions (sce text), ail at 
22 1: I0 C. 

Trcatmc nt N 
Days to 

Molt (%) 
50 °/o<leath lOO Ofodeath 

A 44 2 4 6.X 
13 50 5 16 6.0 
c 32 4 19 3.1 
D 34 14 27 

DISCUSSION 

GERSON and SCHNEIDER (1981) have already 
shown that H. coccophagus may complete its 
development on live California red scales without 
forming a hypopus. However, as noted above, 
when pre-hypopodial stages were forced to sub
sist on moribund scales, hypopodes ( deuto
nymphs) emerged from molting protonymphs. 
Hypopus formation in this species is thus faculta
tive, its induction conforming to the mode! propo
sed by GRIFFITHS (1966, 1969) for sorne stored 
food mites. No data were hitherto available on 
factors inducing hypopus formation iri a parasitic 
mite with a facultative hypopodial stage~ 

THOMAS (1961) reported that femaiës of Chilo
corus cacti (L.) carried significantly more hypopo
des of Hemisarcoptes cooremani (Thomas) than 
its males. Our field data (Table 1) and experi
ments do not agree with this pattern, as the fema
les and males of C. bipustulatus were equally 
attractive to H. coccophagus. The choice unit 
experiments further indicate the importance of 
olfaction for the navigation of this hypopus. 

Molting of free-living and of parasitic hypo
podes at very !Jigh relative humidities was obtai
ned by Kuo and NESBITT (1970) and by FAIN 
(1977): respectively. Thus we cannot explain why 
the hypopodes of Hemisarcop/es failed to molt 
under similar conditions (Table 2). GERSON (1967) 
obtained colonies of this mite after placing hypo-



podes-bearing elytra of Chilocorl,ls on scale
infested potatoes at 80 OJo r.h. These hypopodes 
thus appear to require sorne special, humidity plus 
host plus an unknown factor(s) stimulus for molt
ing. The need for such stimuli may be warranted 
by the special !ife style of Hemisarcoptes, dis
playing, as it does, two features uncommon to 
astigmatid mites. " It feeds, predator-like, on 
living insects and their eggs, and it is specifically 
associated with two quite different insects orders 
(Homoptera and Coleoptera). Hemisarcoptes can 
thus be expected to have evolved the ability to 
react to a rich and diverse array ofenvironmental 
signais. The eues triggering hypopus molting 
may weil be among them. 
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