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EpiTor’s PREFACE

Among the predatory plant mites, members of the family Phyto-
seiidae are probably the most important ones as they have often been
found to feed voraceously not only on the phytophagous mites like
tetranychids, tenuipalpids and eriophyids but also on small phyto-
phagous insects like aphids, thrips, coccids, etc. and thereby contribute
towards effective and profitable biological control of pest population in
the field. Due to this importance, the phytoseiid mites’ have received
worldwide attention necessitating the exploration of phytoseiid fauna
and utilising the potentially important species in the biological control
programme.

The knowledge about phytoseiid mites of India was meagre when
the author of this volume, Dr. S. K. Gupta, initiated this work in 1975
and about 50 species in 5 genera under 2 subfamilies were on record
at that time. Barring some parts of northern, southern and eastern
India, the phytoseiid fauna was unknown from the major states of the
Indian Union. Therefore, by undertaking extensive and intensive surveys
throughout the length and breadth of the country during all these years,
Dr. Gupta has been able to present a reasonably good faunal picture of
this economically important group from India. The present volume gives
a summarised account of Indian phytoseiid fauna after critical evaluation
of the existing knowledge. While little over 1,000 species under 4
subfamilies are known from the world, the Indian fauna is represented
by 139 species in 10 genera under 3 subfamiles. Dr. Gupta, an eminent
acarologist of our country, has dealt with all the species giving their
full descriptions, illustrations, synonymy, habitat records, data pertain-
ing to type material, distribution in India and abroad and keys to the
identification of various taxa known from India. The biological infor-
mation, wherever known, of the economically important species have
also been incorporated. This Fauna volume is the first of its kind on
Indian mites and I hope this will be immensely useful for all those
interested in the study of mites and inspite them to take up further
investigations on this important group. I am sure, this volume will
serve as an useful tool not only to the taxonomists in the group but
also to the agriculturai entomologists who often encounter these
beneficial mites in the field. Dr. Gupta deserves hearty congratulations
for this useful and valuable contribution.

Dr. B. K. TikADER
Calcutta Director

the 12th May 1986 Zoological Survey of India
Calcutta



AUTHOR’S PREFACE

The mites of the family Phytoseiidae have been proved beyond
doubt as efficient predators of a large number of phytophagous mites
belonging to the families Tetranychidae, Tenuipalpidae and Eriophyidae
and also of quite a good number of phytophagous insects like crawlers
of scale insects, aphids, thrips, white flies, etc. These mites are
abundantly availablé on various types of crops, fruit trees, vegetables,
ornamental plants and forest trees. Because of their immense economic
importance and since they are abundantly available, these mites have
received attention of the acarologists and agricultural entomologists
and a fairly good amount of work has been done specially on their
taxonomy and to some extent on their bionomics and predator-prey
interactions. Though the Indian phytoseiid fauna is by and large well
explored, but all the information is scattered. Besides, a good deal of
confusion also exists regarding the taxonomic position of some
species and validity of some records.

The objective of this fauna volume is to bring together all the
taxonomic information under one cover, to clear the confusion
regarding identities of the doubtful records, to verify the present status
of all the species known from India, to provide re-descriptions and
illustrations of the inadequately known species and to provide keys to
all the taxonomic categories.

In order to fulfil this objective, all the records from India were
re-checked, types of all the described species were re-examined as far
as possible taking loans from various individuals and institutions,
explorations were undertaken to discover undescribed species, if any,
and all the valid species were re-described and illustrated in the light of
modern taxonomic concepts.

In this work, a total of 139 species from India belonging to
10 genera under 3 subfamilies are dealt with. Full descriptions and
illustrations of all the species, habitats, information regarding type
localities and type repositories and detail distribution in India and
abroad are given. All the subfamilies, genera and subgenera are
diagnosed and keys to all taxonomic categories are provided. In
addition, a general discussion has been made on habitats and food,
methods for collection, preservation, mounting and rearing of Phyto-
seiidae, general morphology having bearing on taxonomy of the group,
economic importance, biology, classification, interrelationship with



vi

other related families and its phylogeny. This volume gives a complete
taxonomic account of Indian Phytoseiidae which, it is hoped, will
serve as a handy tool to the taxonomists of this important group in
India and abroad and at the same time will help the general entomo-
logists in identifying the phytoseiid species which they might often
come across in the field as predators of mites and insect pests.

While preparing this volume, various scientists, viz. Dr. H. A.
Denmark and Dr. M. H. Muma of the Florida Department of Agri-
culture ; Dr. D. A. Chant and Dr. E. Shaul of the University of
Toronto, Canada ; Dr. E. W. Baker of U. S. D. A., Washington ;
Dr. S. Ehara of Tottori University, Japan, Dr. E. Swirski, Agriculture
Research Organisation, Bet Dagen, Israel and Dr. (Miss) Swaraj Ghai,
I. A.R. I, New Delhi, helped me either by loaning their types/authenti-
cally identified specimens or by offering valuable suggestions or by
making reprints of their publicatlons available to me and to all of them
I offer my greatful thanks. Various scientists from all over the world,
the list of which will be of several pages, helped me by sending
reprints/xerox copies of their papers, which were otherwise not
available in India and without which this work would have been
impossible, and, for all of them I record my very sincere gratitude.

Thanks are also due to Drs. S. K. Bhattacharyya and Y. N. Gupta
both of the Zoological Survey of India; Dr. (Mrs.) S. Ray, M. B. B.
College, Agartala ; Dr. M. S. Dhooria of Punjab Agriculture University,
Ludhiana and Dr. G. P. ChannaBasavanna, University of Agricultural
Sciences, Bangalore, for placing their collection of Phytoseiidae at my
disposal for study. Several acarologists and entomologists from this
country also sent their collection of Phytoseiidae to me for identifica-
tion and this, in turn, helped in broadening the knowledge of the taxa.
To each of them I offer my grateful thanks.

I am highly indebted to Dr. B. K. Tikader, Director, Zoological
Survey .of India, for his keen interest in this work, constant
encouragements and for providing the necessary facilities to complete
this work. Dr. A. K. Ghosh, Deputy Director, Z. S. I, was kind
enough to spare the artist for preparing some of the illustrations and I
take this opportunity to offer my sincerest thanks to him.

Dr. G. P. ChannaBasavanna took the pains to go through the entire
manuscript and offer valuable suggestions for its improvements and for
that [ am highly grateful to him.

I shall be failing in my duty if I do not acknowledge the help I have
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received from Shri G. Sivagurunathan, Shri B. C. Saha, Shri M. L. De
and Shri P. K. Ghosh, all of the Publication Section, Z. S. I and
M/S Sri Aurobindo Press, Calcutta, for expediting its publication.
All of them deserve my special appreciation. Shri S. S. Roy had
drawn some of the text figures, Shri S. K. Majumder prepared the
coverpage, Shri B. P. Mondal and Shri B. P. Das typed the manuscript
and Shri Amitava Chatterjec helped me in correcting some of the
proofs. I am grateful to all of them.

Dr. V. K. Gupta, Chief Editor, Oriental Insects, kindly permitted
me to reproduce some of the figures earlier published in that journal
and for that I am highly indebted to him. Lastly, my wife Smt. Reba
Gupta and daughter Km. Nilanjana Gupta helped me in preparing the
index and to both of them I offer my sincere thanks.

Calcutta. S. K. Gurra
the 5th May 1986
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NOTE

I. The undermentioned species which have been dealt with in the
text are to be treated as new species (also refer to ERRATA given
at the end).

Species No. Name of species Page No.
4 Amblyseius (Amblyseius) hapoliensis sp. nov. 43
25 Amblyseius (Euseius) macrospatulatus sp. nov. 89
45 Amblyseius (Proprioseiopsis) arunachalensis sp. nov. 132
55 Amblyseius (Typhlodromalus) laaensis sp. nov. 152
66 Amblyseius (Typhlodromips) neoghanii sp. nov. 174
71 Amblyseius (Typhlodromips) sijiensis sp. nov. 183
83 Okiseius himalayana sp. nov. 211
84 Okiseius sikkimensis sp. nov. 213
118 Typhlodromus (Amblydromella) nilgiriensis sp. nov. 283
122 Typhlodromus (Anthoseius) majumderi sp. nov. 291

I

By the time the printing of the entire text was over, another

three species were added to Indian phytoseiid fauna raising the total
number of speeies from 139 to 142. The species are :

4Y)
(ii)
(iii)
10

(i)

(ii)
(iii)

(iv)
v)

Phytoseius (Phytoseius) domesticus Rather, 1985, Acarologia
26(1) : 13-16.

Phytoseius (Phytoseius) nipponicus Ehara, Rather, 1985, ibid.
26(1) : 13-16.

Typhlodromus (Typhloctonus) prunus (Denmark & Rather, 1984),
Internat J. Acarol., 10(3) ; 163-177.

The records of the following species from India are doubtful :
Amblyseius (Typhlodromalus) havu : Ghai & Menon, 1967.

A. (Typhlodromips) asiaticus : Narayanan et al., 1960 ; Gupta,
1970, 1975.

A. (Neoseiulus) cucumeris : Narayanan & Khot, 1959 ; Gupta
et al. 1971,

Phytoseius (Phytoseius) coheni : Gupta, 1970 ; 1971.
Typhlodromus (Amblydromella) bakeri : Narayanan et al. (1960).
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INTRODUCTION

Mites of the family Phytoseiidae have been recognised since the
beginning of this century as predators of phytophagous mites (Parrott
et al., 1906). They are worldwide in distribution from arctic to. tropics
and feed specially on mites of the families Tetranychidae, Eriophyidae,
Tarsonemidae and Tenuipalpidae. In addition, reports are also
available on their feeding upon small phytophagous insects like aphids,
coccids, thrips etc. (Ehara, 1966 ; McMurtry et al., 1970). In. view
of this economic importance, it is thought that this group may play an
important role in achieving biological control programme and, thus,
has drawn the attention of the economic entomologists and acarologists
all over the world. This has encouraged in undertaking intensive and
extensive faunistic exploratory stuies resulting in the discoveries of a
large number of species in the recent years bringing the total world
species from 19 (Nesbitt, 1951) to well over 800 (Chant er al,, 1978).
Besides exploring the fauna, important and useful contributions have
also been made on bionomics, predator-prey interactions, etc.

In India, the earliest record of this mite dates back to 1953 when
Evans reported the occurrence of Amblyseius (Neoseiulus) longispinosus
in association with paddy mite from Coimbatore, Tamil Nadu.
Subsequently, through the works of Narayanan & Khot (1959), Chant
(1960), Narayanan & Kaur (1960), Narayanan ef al. (1960), Narayanan
& Ghai (1964), Ghai (1964), Rao & Rao (1964), Ghai & Menon (1967,
1969), Muma (1967) and Bhattacharyya (1969), our knowledge on Indian
phytoseiid taxonomy advanced considerably recording 33 valid species
from India. Later, Gupta through series of papers (Gupta, 1969 ;
1969a ; 1969b ; 1970 ; 1970a; 1974 ; 1975; 1977 ; 1977a; 1977b ;
1977c 5 1977d 5 1978 ; 1978a; 1978b; 1979 ; 1980 ; 1980a ; 1980b ;
1980c; 1981 ; 198la; 1982 ; 1982a; Gupta & Dhooria, 1972
1974 ;5 Gupta et al.,, 1971 ; Gupta & Nahar, 1981 ; Gupta & Ray,
1981 ; 1981a ; Ray & Gupta, 1981, 1983), contributed further in this
field bringing the total number of species to 139. However, most of
the information is scattered and no consolidated work is available
which will be useful to taxonomists and applied entomologists for
identifying their material.

In this work, 139 species from India are included giving their
full synonymy, descriptions from modern taxonomic concept, detail
illustrations, habitat records (pertaining to Indian records), type
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localities, repositories and distribution in India and abroad. Several
new synonymies are proposed. Wherever known, information on
economic importance of the species is given.

There are divergent opinions about classification and generic concept
of Phytoseiidae. However, the present author has followed the family
concept of Muma & Denmark (1970) and generic concept primarily of
Chant (1965). A subgeneric concept has also been introduced as has
been done by some of the previous workers (a detail discussion is made
under classification). All the measurements given in the text are in
microns. In majority of the cases, the measurements given in the text
are based on several specimens.

HasiTaTs AND Foobp

Phytoseiids inhabit a wide ran”gce of terrestrial habitats and have
been collected in all continents from arctic to tropics. They are found
in large numbers on herbs, shrubs, trees as well as on grasses, fungi and
mosses. They normally inhabit the wundersurface of the leaves
specially near the angles formed by the midveins with the leaf lamina.
But when the food in the lower surface becomes scarce, they may
migrate to the upper surface of the leaf as well. They also inhabit
flowers, area under bark and also on fruits. A large number of species
also occur in litter of dead and rotting leaves, logs, sod accumulation,
etc. (Muma & Denmark, 1970). Reports are also available of their
occurrence in bird nests, mammal burrows, in stored products and in
soil.

Phytoseiid mites show a wide range of food habits from carnivorous
to non-animal food as pollen, honey dew, nectar, etc. Some phytoseiids
prefer to feed only on certain species of mite and sometimes on a
particular stage of that mite and do not feed or develop on others. The
average number of prey taken by a single female per day is variable but
the average is 20 even though the reports are available which may be
as high as 114-119. Some phytoseiids feed and reproduce upon
eriophyid mites specially the rust mites but there are some e.g.,
Amblyseius rubini Swirski & Amitai which may feed on eriophyids but
do not reproduce without other food. On the contrary, Typhlodromus
(Orientiseius) rickeri Chant, reproduces equally well on eriophyids. The
other mites used as food are : tenuipalpids (e.g., Amblyseius (Neoseiulus)
cucumeris (Oud.), tarsonemids (Typhlodromus occidentalis Nesbitt),
tydeids (T. (P.) soleiger (Ribaga), acarids (4. (N.) cucumeris (Oud.), etc,
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Reports are available regarding feeding of these mites on crawlers of
scale insects, eggs of certain species of moth, white flies, thrips, aphids,
etc. Other phytoseiids prefer pollen as a source of food. Sometimes
pollen induces high rate of reproduction than spider mites. Various
kinds of fungi may also serve as food. Amblyseius umbraticus (Chant)
and A. aberrans (Oud.) are able to complete development on apple
powdery mildew (Chant, 1959). Plant nectar and honey dew from
aphids, soft scales, white flies and mealy bugs are also consumed by
species like Amblyseius hibisci (Chant) when their preferred host is
unavailable but with little reproduction. Some like A. hibisci may also
develop on artificial food as yeast, carbohydrate, etc. At least mites of
one genus, viz. Macroseius are known to feed upon nematodes. Some
are known to suck plant juice as in case of Typhlodromus (Amblydromella)
rhenanus (Oud.) (Chant, 1959). Because of this wide range of food
habits, these mites are better adapted to survive when their preferred
food is not available and therefore are more effective and efficient as
predators.

CoLLECTION, PRESERVATION, MOUNTING AND REARING

Collection : Serval methods are known for collection of phytoseiid
mites. The hand picking of mites directly from the habitats with
the help of a fine sable hair brush moistened with alcohol is perhaps
the most tedious one though it may be most informative. A greater
number of specimens can be collected by processing the vegetation,
twigs etc. under the Berlese funnel. The Berlese type funnel, as
modified by Newell (1955), may serve as most profitable one. Samples
of soil, vegetation, etc. are collected in the field in polythene bags and
are then brought to the laboratory after tightly fastening the mouth
with rubber band. In case the samples can not be processed imme-
diately, those can be stored in a refrigerator at a temperature of 5-
15°C even for a week or so. A heat source from an electric bulb
(40-60 Wts.) may extract the fauna from moderately dry samples in
about 2 days time. If the habitat is very wet, the time of extraction
may be prolonged. A good number of phytoseiids can be collected
by beating method. This is done by beating the plant material over the
screened funnel to the bottom of which is attached a collecting jar filled
with alcohol.

The proper identification of plant is essential in the case of speci-
mens collected on plants. The collection is properly labelled giving
details of habitat, locality, date of collection and name of collector.
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Preservation : Preservation is best done in 709, ethyl alcohol with
a few drops of lactic acid or glycerol to avoid drying of specimens.
Specimens may also be preserved in Oudeman’s fluid which is made
with the following ingredients : alcohol-87 parts, glycerol-5 parts and
glacial acetic acid-8 parts. In this preservative, mites are preserved with
stretched appendages and thus help in better orientation of specimens
while mounting. However, where mites are treated with-lactic acid
prior to mounting for proper stretching and clearing of specimens,
this preservative may be avoided.

Mounting : There are several mounting media known for mounting
of mites. The most widely used one is the Hoyer’s medium which is
made with the following ingredients when mixed in the order as listed :

Dist. water............ 50 gms
Gum arabic..........30 gms
Chloral hydrate...... 200 gms
Glycerol............... 20 gms

Phytoseiids, both in preserved condition or live specimens, can
be mounted directly in this medium without going through any pre-
mounting processing. Another fairly good mounting medium is the
one proposed by Schuster & Pritchard (1963) which is made of the
following ingredients :

Dist. water.......covuenennen 50 cc
Gum arabic............... 30 gms
Chloral hydrate......... 200 gms
Glycerol.....c.covvvvnvinnnns 20 gms
Potassium iodide......... 1 gm
Iodine.....cocevuevenenesnnen. 2 gms

After mounting in this medium, the slide is gently warmed over a
hot plate which will stretch the specimens properly making it suitable
for taxonomic studies. Recently, another mounting medium, Heinze’s
medium (Evans & Till, 1979), is also used and that is made with the
following ingredients :

Polyvinyl alcohol...............10 gms
Dist. water.....................40-60 cc
Lactic acid..........cocveuennns 35 ml.
Glycerol............ccoeiiinis 10 ml.

Phenol 19, aqueous soln... 25 ml.
Chloral hydrate............... 100 gms



MESOSTIGMATA : PHYTOSEIIDAE 5

Both living as well as preserved specimens can be mounted directly
and, if required, can be remounted by removing the coverslips after
immersing the slide in water overnight.

Before going in for permanent mounting, it is advisable to put the
specimen in a drop of lactic acid on a slide and warm it gently on
an electric lamp (40 Wts.) after putting a broken piece of coverslip on
the specimen. This will clean the specimen and make it well stretched.

The mounted slide should be ringed with a good quality nail polish
to avoid shrinkage of specimens. All mounted slides should be kept
in a cool place preferably in a refrigerator which will keep the slides in
better condition for a longer period. All the slides should be labelled
giving identity label on the left side and label bearing collection data on
the right side. For studying chelicera, spermatheca and spermatophoral
process, the specimen should be dissected. For better view of the
spermatheca, the specimen is to bednounted laterally. Preferably, all
observations are to be taken under a good compound microscope at
sufficiently high magnification.

Rearing: The commonest method of rearing phytoseiid mites is
the one adopted by Swirski et al. (1970). The mites are reared in
plastic cages with a leaf on a black plastic plate and the water is supplied
by an absorbent cotton wick. Canada balsam and castor oil are placed
in a groove around the plate’s periphery to serve as a repellent. The
cages are placed in plastic bowl containing water and partly covered by
a glass lid, one edge of which is kept open. Mass breeding is done in
relatively large plastic plates.

GENERAL MORPHOLOGY

Like other members of Acarina, the body of phytoseiid mite is
divided into Gnathosoma and Idiosoma.

Gnathosoma : It bears the mouthparts, consisting of a pair of
chelicerae and a pair of pedipalpi (Fig. 1). Dorsally the gnathosoma
is covered by a thin shield called Tectum (Fig. 2). Tectum is smooth
in Phytoseiidae or may be minutely denticulate but never with any
process. Hypostome with undifferentiated setae with a series of 6-13
rows of often poorly sclerotized hypostomal teeth. In the median of
gnathosoma, there is usually a groove ; lateral to the gnathosomal
groove are the two main sections of the ventral wall of gnathosoma.
Anteriorly, these are differentiated into a median hypostome, lateral
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cornua and more median paralabra. Mouth lies between and below the
chelicerae, ventral to labrum and dorsal to hypostome.

Chelicera : Chelicerae are the first pair of appendages and are of
chelate type. Each chelicera terminates in a chela, which consists of
two digits (Fig. 3), the dorsal one is the fixed digit and the ventral one

2

Figs. 1-4. Phytoseiidae showing morphological parts of taxonomic importance :

1. Dorsal surface of a phytoseiid mite showing body regions :
a. 2-tined apotele, b. Pedipalp, c¢. Chelicera, d. Gnathosoma,
e. Propodosoma, f. Metapodosoma, g. Opisthosoma, h. Idiosoma,
i. Proscutum (=Podonotum), j. Opisthoscutum (=Opisthonotum)
Tectum
Chelicera (Female) : k. Fixed digit, 1. Movable digit, m. Pilus dentilis,
. Spermatophoral process : n. Foot
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is the movable digit. Chelicera consists of 3 segments but segmenta-
tion is obscure. In the male, the movable digit is modified into a
copulatory organ known as spermatophoral process (Fig. 4). This
process is highly variable and serves as a good tool for separation of
species. In female, the movable digit bears 0-4 teeth and often a
distinguishable pilus dentilis, the fixed digit is often multidentate. The
dentition of chelicera provides aid for separation of species and genera.
In Amblyseius Berlese, the fixed digit is uni, bi- or multidentate, in
Gigagnathus Chant, the chelicera is greatly elongate having unidentate
fixed digit and edentate movable digit. In Macroseius Chant, Denmark
and Baker, the fixed digit is with 10-12 small teeth with a pilus dentilis
and the movable digit with 3-4 large teeth. In Chantia Pritchard &
Baker, chelicera is with a few teeth. In Phytoseiulus Evans, fixed digit
is with 7-8 teeth, movable digit with 3 teeth. In Phytoseius Ribaga,
fixed digit is with 2-3 teeth, movable &igit with 0-2 teeth. In Indoseiu-
lus Ehara, the fixed digit is multidentate, movable digit 2-dentate. In
Indodromus Ghai & Menon, fixed digit is 3-dentate, placed in different
planes, movable digit edentate. In Typhlodromus Scheuten, the fixed
digit is with variable number of teeth, movable digit with 0-3 teeth.
In Platyseiella Muma, fixed digit is with 2-3 teeth, movable digit with
1 tooth. In Paraamblyseius Muma, the fixed digitis with 5-7 teeth,
movable digit with 1-2 teeth. In Iphiseius Berlese, fixed digit is with
9-10 teeth, movable digit with 2-3 teeth and in Okiseius Ehara, fixed
digit is with 2-3 teeth and movable digit with 1 tooth.

Pedipalpi (Fig. 1) : These are the second pair of appendages. These
originate laterally from palp coxae, which are probably homologous
with the fused basal segments of primitive biramous appendages (Baker
& Wharton, 1952). Pedipalp is never more than 6 segmented and the
segments are coxa, trochanter, femur, genu, tibia and tarsus. Specia-
lised seta on palptarsus is with 2 tines. Palpi are never modified. In
Gigagnathus Chant, the palpi are greatly elongate and extend almost
upto the end of tarsus I. In all other genera, the palpi are normal.

Idiosoma (Fig. 1) : It is the portion of the body posterior to
gnathosoma. This, in turn, includes propodosoma, metapodosoma and
opisthosoma (Fig. 1). Dorsally it is covered completely by dorsal shield
excepting in Phytoseiulus Evans, where the dorsum is partly covered.
The dorsal shield may be entire as in Amblyseius Berlese, laterally
incised as in many Typhlodromus Scheuten and in some Okiseius Ehara,
or subdivided into anterior and posterior shields as in Macroseius
Chant er al. The sclerotization of dorsal shield is variable and helps
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in separation of genera. It may be slightly sclerotized as in many
Amblyseius or highly sclerotized and sculptured as in Phytoseius Ribaga
or Okiseius Ehara or coarsely punctate as in Paraamblyseius Muma or
smooth as in Platyseiella Muma. Sometimes dorsal shield is differen-
tiated into two regions as podonotum and opisthonotum (Chant, 1965)
or proscutum and postscutum (Schuster & Pritchard, 1963) (Fig. 1).
Dorsal shield may be variously reticulated. Its shape is also often
variable as round, oval, etc.

Dorsal shield is furnished with a variable number of setae, their
arrangement, number, nature and relative position are of extreme value
for generic and specific separation.

The setae may be fine and simple as in many Amblyseius, whip-like
as in Amblyseius (Amblyseius), weakly serrate as in Typhlodromus
Scheuten, may be thick, long and serrate as in Phytoseius Ribaga,
Platyseiella Muma, Okiseius Ehara, spatulate as in Chantia Pritchard &
Baker or capitate as in Ricoseius De Leon.

The setae on the dorsal shield are arranged in definite rows as dorso-
central, median, lateral and sublateral (Fig. 5). In most of the genera,
the number of setae on dorsal shield is fixed but their length, nature,
etc. may vary and thus it helps in the determination of species within
a genus. The arrangement of setae in different rows in different genera
and subgenera is given in Table—1.

Lateral to the dorsal shield lies on either side (Fig. 5) the lateral
integument which normally possesses 2 pairs of sublateral setae (rg, R)).
Sometimes sublateral setae may also lie on dorsal shield as in Phyto-
seius where t, lies on dorsal shield ; in Chantia both 14, R,, in Macro-
seius only r, and in Indodromus both r, and R, lie on dorsal shield.

Difference of opinion exists as regards naming of setae. Garman
(1948) proposed a system of setal nomenclature in consecutive number
in the longitudinal row (L-series), dorsocentral row (D-series),
median row (M-series) and sublateral row (S-series). His system was
followed by subsequent American workers as well as by Womersley
(1954) in Australia, Evans (1952) in England and Ehara (1958, 1959) in
Japan, except that Chant (1959) modified it in Amblyseius where lateral
setae were numbered according to the homologies within the numbers
of 1-9 in this group. Athias-Henriot (1957, 1958) modified Garman
system by attempting to numbering setae showing homologies with
the more numerous setae in the basic pattern of blattisocids. She
considered the M series to begin with anterolateral seta that Garman



MESOSTIGMATA : PHYTOSEIIDAE 9

considered the first of L series. Later, she adapted Hirschmann’s
(1957) letter number system, that was proposed for parasitid form of
mites in general. Wainstein (1958, 1959) devised a different letter

Fig. §.

Dorsal shield of a phytoseiid mite showing locations and nomenclature
of setae :

a. ju b. j-u C. jss d. jm €. J;n f. Js: g jas h. Z,, i. Z:nj' Zy,
k.se, 1. s;,, m. S,, n.S,, o. S;, p. Z;, 9. z,, I. Z,, S. Ty,
t. R,, wu. Tip of peritreme
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number system for the dorsal setae on idiosoma. Pritchard & Baker
(1962) followed Garman’s system of nomenclature with certain modi-
fications to show homologies with basic setal pattern yet allowing
certain flexibility if additional setae were found to exist or if exact
homologies were not apparent. Schuster & Pritchard (1963) proposed
setal nomenclature as dorsocentral, mediolateral and lateral, in addition
to verticals and clunals. Among the two mediolaterals, the one on
proscutum was called promediolateral and the other one on postscutum
as postmediolateral. The lateral setae on pro and postscutum were
consecutively numbered as prolateral I-IV and postlateral I-V. Muma
& Denmark (1970) considered 3 series of setae on dorsal shield as
dorsal (D), lateral (L), median (M), besides varticals (=D;) and clunals
(=Dg). They considered the anteriormost of seta on dorsal shield as
vertical and the posteriormost one as clunal and the remaining setae
in D series as D,;, Dy, D3, Dy etc.,, in the median series (M) as
M;, My, Mg, etc. and in lateral series as L;, Ly, L3, etc. They made
a deviation from Garman system by naming Lg as M, when L; is
distinctly mesad of Lg and naming M, of Garman as M; when M,
(=Lg of Garman) is distinguishable but neither M, nor M, is
recognised as such unless associated with obvious lateral setae. They
tried to distinguish the setal homologies. Chant (1965) considered
Garman system of setal nomenclature as artificial system with many
weaknesses. Therefore, he advised the use of Hirschmann’s (1957)
system. Rowell et al. (1978) adapted the setal nomenclature as proposed
by Lindquist & Evans (1965) for Gamasina using Ascidae as examplar
and determined the setal homologies by examining and compairing
their ontogenic relationships in both the Phytoseiidae and Ascidae.
The system is based on the definition of three series of longitudinal
rows of setae on the dorsal shield. Each row is divided into an anterior
subseries on the podonotum (= proscutum) and a posterior subseries
on the opisthonotum (= opisthoscutum). The relative position of
the longitudinal rows were maintained on both anterior and posterior
positions of the shield in that the mediolateral (z-Z) series lies inter-
mediate between dorsocentral (j-]) series and lateral (s-S). Two addi-
tional setae (ry and R,) of marginal longitudinal row of setae occur
on the sublateral integument or lateral integument. According to
them the lateral series consists of setae j3, z2, z3, the s-S setae and
Zg. The mediolateral series consists of setae zg, zg (When present as
in Typhlodromus (Paraseiulus) and Z,. The dorsocentral series consists
of setae j,-] series, except seta j; which is considered in lateral series.
The setae on sublateral series are called ry and R;. In males, rg is
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ptesent on dorsal shield. The different arrangement of setae with

Figs. 6-9. Nomenclature of dorsal setac in different genera and subgenera in

Phytoseiidae

6. Amblyseius (Amblyseius) : a. j,, b. ju C Jjsp dijg, € Joy £ J5, & iy,
h. z,, i. 2, §. S¢s k. Z,, 1. S,, m. S,,n. S5, 0. Z;, p. z;, q. Z,.

7. Amblyseius (Asperoseius) : a. j,, b. ji C. is, D. Jo» € V5 £l iy, 8 2.,
h. z,, i.8,, 3. Z2,, k. S,, 1. Z,, m. z;, n. Z,

8. Amblyseius (Paraphytoseius) : a. j,, b. je C. js, d. jos € 55 £ js, 8 2,
h. z,, i. s¢, J. Z,, k. n.Z,, 1. Z;, m. z,.

9. Amblyseius (Proprioseius) : a. j,, b. j,, c. j;, d. js, € Js, £ js, 8 2.,
h. 2y, i. 84,3 Z,, k. S5, L. Z,, m. z,, n. Z,.
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their nomenclature in different genera and subgenera are represented
in figures (6-21).

Venter : Like other mesostigmatid mites, there is tritosternum

(Fig. 22) on the ventral side just posterior to gnathosoma. This

Figs. 10-14.
10.
11.
12.
13.

14,

Q ]
Nomenclature of dorsal setae in different genera and subgenera in
Phytoseiidae
Amblyseius (Proprioseiopsis) . a. j,, b. j;, ¢ js; d.j,, e J;, f. Jus
8 z,, h. z,, . 84, j. Z,, k. S,, L. S, m. §;, n. Z;, o. z,, p. Z,.
Indoseiulus : a. j,, b.j,, ¢ j;, d js, € Yy £33, g i, h z,,
L Z4 joSyy ke Z,, .S,, m. S;, n. Z;, 0. 2, p. Z,.
Paraamblyseius = a. j,, b.j,, ¢ j;, d. J;, e §,, f. J.,8 js, he Zas
i. z,, josey, ke Z,, 1S, m. S, n. S;, 0. Z,, p. z,, q. Z,.
Okiseius: a. j,, b. j,, c. j; d.jg, € Jy, £ 35, g s, h. z,, i.z,,
Josy, ke Z,,.S,,m. S;,n. Z,, 0. z,, p. Z,.
Phytoseius (Pennaseius) : a. j,, b. Jo € s dijs, €1y, £, g s
h. z,, 4. 24, §. 2., k. s, Ls,, m. Z,, n z,, 0. Z,, p. T,
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(-] 0,

Nomenclature of dorsal setae in different genera and subgenera in
Phytosciidae

Typhlodronius (Typhloctomus) : a. j,, b. ji €. §sy do jg, € 3y £ T,
g. jss he 24, i. 25, j. z,, k. 84y Lo Sg, M. Z,, n. S,, 0. Sy, p. S,
q. Zs, r. 2,5, 8. Z,.

Iphiseius : a. j,, b. j,, ¢ js5 do jgs € Yoy £. 35, 8 js, ho 2, 1. 2,
joseu keZ,,.S,, m. S,,n. S;, 0. Z,, p. Z5, 4. Z,.

Phytoseius (Phytoseius) : a. j,, b. j,, € Jjs» do 3o £ Jss 8 Jus
h. z,, 1. z4, j. z,, k. 8,, l. 5,, m. Z;, 0. Z;, O. Z,.

Typhlodromus (Paraseiulus) : a. j,, b. j, € js d.js e Ju, £J5,
g Jjs, h.z,, i.2,, j. z,, k.s,;, Ls;, mS,, n.S,, 0. S;, p. Z,,
q. Z5, I. Zg, 8. Z,.
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consists of a basal portion and two setiform distal processes. The
tritosternum is the modified remnant of the sternal plates of the third

1S

Figs. 19-21. Nomenclature of dorsal setae in different genera and subgenera in

Phytoseiidae

19. Typhlodromus (Brethria) : a. j,, b. jiy € Jss 4o jo» € Joy £, 35, 80§,
h. z,, i z,, j. 24, K. 8,, L. 84, M. S;, 0. S, 0. Z;, p. 25, 4. Z,.

20. Amblyseius (Phytoscutella) :  a. j,, b. ji, ¢ j; do 5 e §y, £z,
g. 2z,h s,,i.2Z,,j S., k. S;, 1. S;,. m. Z,, n. z;, 0. Z,.

21, Typhlodromus (Typhlodromus) : a. j., b. js € 55 do g, €0 3o, £ 15,
g js, h. z,, 1.2y, j. 2,, k.sg L s, m. S, n.S,, o.8;, p. Z;,
q. z,, 1. Z,.
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segment and is the only relic of the primary sclerites (Baker & Wharton,
1952). Though tritosternum serves as an important character in
separating genera of Otopheidomenidae but in Phytoseiidae it is of not
much taxonomic importance,

Posterior to tritosternum lies the sternal shield (Fig. 22). This is
thought to have been formed by fusion of coxal plates with the ventral
body wall. The sternal shield may be smooth, reticulate and variously
sclerotized in different genera (strongly sclerotized in Paraamblyseius,
well sclerotized in Typhlodromus, lightly or weakly sclerotized in
Phytoseius, Giagnathus etc.) The relative length and width of sternal
shield as well as the presence and absence of sculpturing are often used
for generic separation (Merwe & Ryke, 1963). But Chant (1965)
considered this character as of little significance. The number of setae
present on sternal shield in different genera is given in Table-I.
Normally 3 pairs are present on sternal shield, the 4th pair lies either
on metasternal plates or are free on integument. But sometimes the
3rd pair instead of being on sternal shield is present on interscutal
membrane as in Gigagnathus Chant ; 3rd and 4th pairs are both present
on interscutal membrane as in Chantia Pritchard & Baker or 3rd on
small platelet and 4th on metasternal plate as in Fyphlodromus (Para-
seiulus). Metasternal plates may be small as in many Amblyseius and
Typhlodromus or may be massive as in Paraamblyseius. In males, the
sternal and genital shields are fused to form sterniti-genital shield
bearing 5 pairs of setae (Fig. 23).

Posterior to the sternal shield is the genital shield (Fig. 22). This,
in fact, guards the female genital pore which lies posterior to sternal
shield and between the metasternal plates (Baker & Wharton, 1952).
Genital shield is normally truncated posteriorly and may have anterior
extension as in Chantia Pritchard & Baker. Genital shield usually
possesses a pair of setae.

Genital shield is followed posteriorly by ventrianal shield (Fig. 22)
bearing 1-4 pairs of setae. This shield shows extreme variation from
entire to fragmented. Ventrianal shield is sometimes absent and its
position is represented only by pre and postanal setae (e.g. Indoseiulus
Ehara). The shape of ventrianal shield varies. The number of setae
present on it in different genera and subgenera of Phytoseiidae is given
in Table-I. The ventrianal shield often bears a pair of conspicuous
preanal pores (Fig. 22), but sometimes they may be absent as in Gigag-
nathus. Unlike the female, the ventrianal shield of male shows little
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variation between species and thus, they are of little taxonomic value.
The ventrianal shields of all males are of same shape and possess 4-5
pairs of setae (Chant, 1959). The ventrianal shield is either entire or
fragmented, sometimes fused lightly with sternitigenital shield but line
of fusion is clear.

The posteroventral surface of body is with variable number of setae.
The number of posteroventral setae in different genera and subgenera
is given in Table-1. For nomenclature of these setae, Rowell er al. (1978)
has been followed and explained in fig.-22. Among the setae on the
posteroventral surface, the shape and length of the posteriormost
median ventral setae (JV5) is of taxonomic importance.

Fig. 22. Ventral surface of a phytoseiid mite (Female) showing ventral plates
and setae :

a. Tritosternum, b. Sternal seta, c. Sternal shield, d. Metasternal plate,
e. Metasternal seta, f. Genital shield, g. Genital seta, h. Ventrianal
shield, i. Preanal seta (JV,), j. ZV,, k. JV,, 1. Paraanal seta,
m. Postanal seta, n. ZV,, o. ZV,, p. JV,,q. JV., r. Peritrematal
plate, s. Peritreme, t. and u. Metapodal plates, v. Coxa I, w. Coxa
I1., x. CoxaIll, y.Coxa IV, z. Preanal pore.

Fig. 23. Ventral surface of a phytoseiid mite (Male) showing ventral plates :
a. Sternitigenital shield, b. Ventrianal shield,
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Behind coxae IV are present one or two pairs of metapodal plates
(Fig. 22) which may be round, oval, triangular, etc. and. serve as
important character for recognition of genera and species. In
Paraamblyseius, the metapodal plates are massive.

Besides the metapodal plates, small platelets are often present
between the genital and ventrianal shields and also on the membrane

around ventrianal shield (Fig. 22).

A pair of spermatheca is always present in Phytoseiidae in
contrast to Blattisocidae where it is not always present. This organ
was previously neglected by several workers because of its unknown
function. Dosse (1958) showed that actual function of this organ was
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Fig. 24. Spermatheca showing detail structures :
a. Coxa III, b. Receptacle, c. CoxalV, d. Major duct, e. Minor

duct, f. Atrium, g. Cervix, h. Vesicle, i. Spermatophore.
Fig. 25. Diagramatic representation of genu III showing locations of dorsal and

ventral setae for deducing setal formula :
a. Anterior, b. Posterior, c. Anterodorsal, d. Anteroventral, e. Antero-

lateral, f. Posteroventral, g. Posterodorsal, h, Posterolateral.
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reception of spermatophores and since then a lot of importance was
laid on the structure of this organ. It is presently believed to be of
great importance in separation of the species. Often the species with
identical characters are separated with the help of spermatheca alone.
Each spermatheca has its external orifice on the venter between coxae
III-IV. A lateral view must be obtained in order to examine the
structure of spermatheca in detail. The terminology of Schuster &
Smith (1960) (Fig. 24) has been followed as done by most of the
recent workers The spermatophores are collected in a membraneous
vesicle with a sclerotized portion called cervix which leads into a chamber,
the atrium. The cervix and atrium aré sclerotized and are quite
consistent in shape. A narrow duct arises from atrium for passage
of spermatozoa to ova and a major duct is there through which the
spermatophores are received and open between coxae III and IV. The
spermatophores are formed in ¢.he spermatheca (Dosse, 1958). Older
spermatophores are replaced further into the vesicle. More than one
spermatophore is frequently seen to be connected to the atrium
(Schuster & Smith, 1960). The spermatheca appears in the deuto-
nymph prior to the final moult and its reaction to stains indicates
that it is endodermal in origin (Schuster & Smith, 1960). Sperma-
theca was earlier called Coxal glands or Vesicles and was recognised
by Nesbitt (1951), Smith & Summers (1949) and Womersley (1954).
Schuster (1957, 1959) and Schuster & Smith (1960) illustrated this
structure for some of the species.

The stigmata and peritreme are on peritrematal shield (Fig. 22).
Length of peritreme has recently been looked upon as of great
taxonomic value. Often the peritrematal shield may be fused anteriorly
with dorsal shield (e.g. Phytoseius Ribaga, Gigagnathus Chant,
Paraamblyseius Muma and Macroseius Chant et al.) and posteriorly
curves around coxae IV

The chaetotaxy of legs is of great value for generic and specific
determination. Evans (1963) in his excellent work showed that all
phytoseiids have standard chaetotaxy of legs Il and Ill. In Macroseius
Chant et al., 8 setae on genu Il, 7 setae on genu IIl ; in Typhlodromus
Scheuten, 7 or 8 setae on genu Il and 7 setae on genu Il ; in Chantia
Pritchard & Baker, 7 setae on each of genu II and III and tibia II and
111 ; in Platysiella Muma and Phytoseius Ribaga, 7-6-7 setae on genu II,
III and IV, respectively but genu IIl of Phytoseius also possesses 7 setae
in some of the species. Iphiseius Berlese and Amblyseius Berlese possess
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7-7-7 setae on genu II, Il and IV, respectively and 6-7, 6-7 and 6 setae
on tibia II, III and IV, respectively. Paraamblyseius Muma has 7 setae
on genu Il and 6 setae on genu IIl ; Phytoseiulus Evans has 7, 8 or 9
setae on genu II and 7 setae on genu III ; Okiseius Ehara has 6 setae on
genu II, 7 setae each on genu IIl and IV. The leg chaetotaxy specially
of genu Il and III and tibia II and III are represented by leg chaetotactic

formula as genu Zg- 2 1 or 2a Zad 2pd Ipl (Fig. 25)
0o oav opv

al=anterolateral

ad = anterodorsal
av = anteroventral
pd = posterodorsal
pv = posteropventral
pl= posterolateral

Often genu, tibia and basitarsus of leg IV and sometimes genu and
tibia of leg Il and IIl bear macrosetae, the relative length of which are
of taxonomic value for separation of species. Macroseta may be
simple, knobbed, spatulate or otherwise shaped.

Tasri:—I. Showing disposition of setae on dorsal shield and ventral surface in
various genera and subgenera of Phytoseiidae.

Genera/Subgencra Dorso- Median Lateral Sub- Ster- Ventria- Ventro-
central lateral nal nal lateral

Amblyseius (Amblyseius) 6 2 9 2 3 3 4
Amblyseius (Euseius) 6 2 9 2 3 3 4
Amblyseius (Asperoseius) 5 2 7 2 3 3 4
Amblyseius (Paraphytoseius) 5 2 6-7 2 3 3 4
Amblyseius

(Typhlodromalus) 6 2 9 2 3 3 4
Amblyseius (Typhlodromips) 6 2 9 2 3 3 4
Amblyseius (Proprioseiopsis) 5 2 9 2 3 3 4
Amblyseius (Proprioseius) 5 2 7 1 3 3 4

(R, absent)

Amblyseius (Phytoscutella) 4 2 9 2 3 3 3
Amblyseius (Neoseiulus) 6 2 9 2 3 3 4
Iphiseius 4-6 2 7-9 2 3 3-4 3-4
Paraamblyseius 6 2 9 2 3 3 3
Indoseiulus 6 2 8 2 3 3 4
Okiseius 5 2 8 2 3 3 4

(R, on dorsal
shield)
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TasLr—I1 (Continued). Showing disposition of setae on dorsal shield and ventral
surface in various genera and subgenera of Phytoseiidae.
Gonera/Subgenera Dorso- Median Lateral Sub- Ster- Ventria- Ventro-
central lateral nal nal lateral
Platyseiclia 5 2 6 1 3 3 4
(r, on dorsal
shield, R, absent)
Typhlodronus
(Amblydromella) 6 2 10 2 3 4 4
Typhlodromus (Anthoseius) 6 2 10 2 3 3 4
Typhlodromus (Brethria) 6 2 9 2 3 4 4
Typhlodromus (Orientiseius) 6 2 10 2 3 4 4
Typhlodromus (Paraseiulus) 6 3 10 2 2 4 4
Typhlodromus (Clavidromus) 6 2 10 2 3 4 4
Typhlodromus (Typhloctomus) 6 2 11 2 3 4 4
Typhlodromus
(Typhlodromus) 6 2 - 10 2 3 4 4
Phytoseius (Pennaseius) 6 2 7 2 3 3 3

(r; on dorsal
shield, R, on
lateral integument)
Phytoseius (Phytoseius) 5 2 7 1 3 1-3 3
(r; on dorsal
shield, R, absent)

Gigagnathus 6 2 9 1 2 3 3
(R, absent)
Chantia 5 2 6 2 2 3 3
(r,, R, on dorsal
shield)
Chelaseius 6 2 9 2 3 4
Phytoseinlus 5 2 2 3 1 4
Indodromus 6 2 10 2 2 4 4
(r5, R, both
on dorsal
shield)
Macroseius 7 2 9 2 3 1 6

(r, on dorsal

shield, R, on

lateral integument)
Gnorimus 7 3 12 3 3 6
Garhwalicus 6 2 12 3 2 7
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BioLocy

The phytoseiid mites pass through 4 developmental stages, viz.
egg, larva, protonymph and deutonymph. The larva has 3 pairs of legs
and all postlarval stages have 4 pairs of legs. In some species, males
may not exhibit deutonymphal stages as is seen in Amblyseius finlandicus
(Oud.) (Ballard, 1954). In between two stages there is a brief resting
period called quiescent stage. The life cycle in Phytoseiidae is normally
brief in comparison to tetranychid mites under identical conditions
and takes 6-7 days and species of Phytoseiulus Evans takes still lesser
time. However, if the temperature is very low, the developmental
period may be prolonged. On the other hand, high temperature may
be detrimental for development. Besides temperature, the gnantity
and quality of food also influence the developmental period. Some
are known to develop only on tetranychid food, some on a combination
of tetranychids and eriophyids, some on mites and pollen and a few
develop on pollen alone. Larvae mostly need food to transform into
next stage but reports are available when larvae do not need any food
and develop on leaf alone (e.g. Amblyseius rubini Swirski & Amitai
(Swirski et al., 1967). Since a 4 legged protonymph has a better searching
ability than a 3 legged larva, it may be advantageous for larva if it has
not to depend upon prey for development.

The reproduction in phytoseiid mites is through arrhenotoky. The
oviposition starts only after mating and sometimes frequent mating
is needed for continuos oviposition. The sex is determined by haploid-
diploid mechanism. Ovogenesis requires some stimulus associated with
mating and presence of sperms in arrhenotokous forms, even though
the developing unfertilized ova produce males. Otherwise female will
produce males (haploid) after the sperms were exhausted. According
to Dosse (1959), the males use their chelicerae to place the sperma-
tophoras into spermatheca which opens between coxae IIl and IV of
females. Dosse also claimad that the number of successful copulations
could be determined by the number of spermatophores in the sperma-
theca. Studies on sex ratio in case of Typhlodromus occidentalis was
159%, males, which in case of T. (0.) rickeri Chant was 2 females :
1 male.

The previposition period in most phytoseiids is very low (24-30 hrs.)
but under optimum condition it requires 3-5 days. Putman (1962)
obtained a mean pre-oviposition period for T (A4.) caudiglans Schuster
9.2 and 16.3 days at 16°C and 14°C., respectively, while Dosse (1957)
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reported 15 days as mean preoviposition period for females of T. pyri
when held at 25-26°C after being collected in the field in March.
Regarding oviposition, in most of the species, the maximum production
is 2.5 eggs/day at winter temperature with abundant food. The mean
total eggs/female depended on the species and testing conditions and
the average lies between 30-50. The egg production is more during early
part of adult life and gradually declines thereafter. The rate of egg
production is influenced on the prey density.

Phytoseiidae also undergoes diapause. Diapause has been defined
as a physiological state of arrested development that enables an
organism to survive more easily a period of unfavourable condition
(Dickson, 1949). Once the organism has entered into diapause, it
will remain in that state for certain period regardless of the
condition of the environment. When the species finds high temperature
to be unfavourable for its surtival, it enters into summer diapause
( oversummering ), which, however, is quite uncommon in Phyto-
seiidae. Similarly, when the species finds extreme low temperature
to be unfavourable for its survival, it undergoes winter diapause
( overwintering ). Absence of reproduction under otherwise favourable
condition is apparently the only reliable criterion for detecting
diapause. The winter diapause in Phytoseiidae usually occurs in
adult female stage though in other groups it may be in egg stage.
Among the important factors sesponsible for inducing diapause,
viz. photoperiod, temperature and nutrition, the photoperiod is the
most important one as in Typhlodromus (Amblydromella) caudiglans
(Putman, 1962). The arboreal species of Phytoseiidae enters into
winter diapause by overwintering into protected places like deep
crevices, canker wounds, beneath leaf and biud scales and bark. At
extremely low temperature like —20 to—24°C, the body fluid freezes
(Macphee, 1963) and under severe cold condition 809, of overwintering
females suffer mortality. However, if sufficient sheltering places are
available, the rate of winter mortality is reduced. The high rate of
mortality of overwintering females often reduces the effectiveness of
the predatory species. Winter mortality is usually rated by comparing
the number of adult females with the number found in next spring.
Since emergence of the adult overwintered females takes place through
a considerably long period and often they remain on twigs and
branches rather than coming on the leaves, the population count should
be made more judiciously and population count should not be
restricted to leaf population alone. In warm climate, the phytoseiids
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may be found in the field throughout the year on evergreen trees and
shrubs. Overwintering females have been noticed to feed during
warmer winter days (Dosse, 1957). Photoperiod of 9-11 hours induced
diapause in A similis while none entered diapause at photoperiod of
15-24 hours. The critical photoperiod at which 509, of the population
entered into diapause was 11.5 hours. None entered diapause at 25°C
irrespective of the photoperiod. Often interesting case of seasonal
synchrony has been noticed in Phytoseiidae as the prey and the predator
entered diapause simultaneously and often at the same place and
emerged from diapause simultaneously.

Economic IMPORTANCE

As has already been mentioned, phytoseiid mites are probably one
of the most effective and wide sp@ad predators of injurious plant
feeding mites of the families Tetranychidae, Eriophyidae, Tenuipalpidae
and Tarsonemidae. This fact was first established by Parrott, Hodgkiss
& Schoene (1906) who noted Seius pomi (Parrott) preying upon_ blister
mite, Eriophyes pyri (Pgst.). Since then several reports are available
highlighting the value of phytoseiid mites in regulating the population
of plant mites. Quayle (1912), Ewing (1914), Gilliatt (1935), Garman
& Townsend (1938), Garman (1948) and Nesbitt (1951) were among
the earlier workers who considered this group to be of potential
importance in controlling spider mites. Later, several workers from
different parts of the world corroborated this fact and a good deal of
work was carried out in this direction. These reports- were excellently
reviewed by Huffaker et al. (1969, 1970), and McMurtry et al. (1970).
Recent studies on predator-prey interaction (McMurtry & Scriven
1971 ; Mori & Moriyama, 1970 ; Takafuji & Chant, 1976, Eveleigh &
Chant, 1981, 1981a, 1981b, 1982, 1982a, 1982b, 1982¢) further
focused the importance of this group as biocontrolling agents. The
reports on the functional response of the phytoseiid mites to the
density of tetranychid mites and also on the aspects of their numerical
response were conducted by various workers to evaluate the efficiency
of these mites as potential predator (Chant, 1961 ; Mori & Chant,
1966 ; McMurtry & Scriven, 1966).

From India too, several reports are available on predatory behaviour
of these mites upon phytophagous mites ( Narayanan & Khot, 1959 ;

Kamath, 1968 ; Daniel, 1981 ; Somchoudhury, 1979 ; Puttaswamy
& ChannaBasavana, 1979 ; Puttaswamy & ChannaBasavanna 1979a
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Puttaswamy, 1978 ; ChannaBasavanna, 1981 ; Rao, & Rao, 1964 ;
Gupta, 1970 ; 1970a ; Gupta, Dhooria & Sidhu, 1971 ; Gupta, 1977a,
1978a ; Muraleedharan & Chandrasekharan, 1931 ; Dhooria, 1981 ;
Dhooria & Gupta, 1975 ; Gupta, 1976 ; Sandhu e al., 1973 ; Rao et al.,
1969 ; Narayanan & Kaur, 1960 ; Mallick, 1974 ; Putatunda et al., 1975).
All these reports give enough indications that these mites are of extreme
value as biocontrolling agents and these, if properly and judiciously
utilised, can bring about effective and profitable biological control of
injurious phytophagous mites and insects. It is heartening to note that
considerable amount of work in this direction has already been started
in India and some of the results that have.emerged recognise a few very
useful species as predators.

CLASSIFICATION

There has always been some confusion and difference of opinion in
generic and suprageneric concepts of Phytoseiidae. Berlese (1916)
proposed the subfamily Phytoseiinae under family Laelaptidae including
genera : Podocinum  Berlese, Ameroseius Berlese, Epicroseiopsis
Berlese, Amblyseius Berlese and Iphidozercon Berlese. Vitzthum (1941)
also recognised it as subfamily under Laelaptidae and included under
it 7 genera (viz. Typhlodromus Scheuten, Seiulus Berlese, Phytoseius
Ribaga, Amblyseius Berlese, Iphidulus Ribaga, Seiopsis Berlese and
Kleemania Oudemans. But none of them provided the diagnosis of
the family which was first done by Garman (1948) on the basis of type,
number and distribution of setae on dorsal shield and by shape
and size of anal plate of female. He included 9 genera in this
subfamily. Nesbitt (1951) made the first critical review of this sub-
family which he included under family Laelaptidae. He recognised
genera Amblyseius Berlese, Typhlodromus Scheuten, Blattisocius Keegan,
Kleemania Oudemans, Phytoseius Ribaga, Kampimodromus Nesbitt and
Garmania Nesbitt under it. Baker & Wharton (1952) after giving
this group the family status for the first time divided it into two sub-
families, subfamily I. Phytoseiinae including 12 genera and subfamily II.
Podocinae comprising of 10 genera. Inspite of the fact that family status
was given, Womersley (1954) considered it as subfamily Phytoseiinae
under family Laelaptidae. Chant et al. (1959) proposed a new subfamily
Macroseiinae to accommodate one atypical genus Macroseius Chant
et al. Chant (1959) made a conservative approach in classifying Phyto-
seiidae and recognised two subfamilies, viz. Macroseiinae with one genus
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Macroseius and Phytoseiinae with 8 genera : Typhlodromus Scheuten,
Phytoseius Ribaga, Phytoseiulus Evans, Iphiseius Berlese, Asperoseius Chant,
Proprioseius Chant, Seiulus Berlese and Typhloseiopsis De Leon. He
used chaetotaxy of dorsal shield, and chaetotaxy and shape of ventrianal
shield of adult, female chelicera and chaetotaxy of membrane around
ventrianal shield as important characters for classification. He
considered a large number of species groups at subgeneric levels.
His study stimulated the future workers and within two years a
number of major studies followed. Karg (1961) gave family status to
one genus Typhlodromus Scheuten. Additional genera were proposed
by Athias-Henriot (1960) and Swirski & Shechter (1961). Muma
(1961) after making extensive studies re-evaluated the subfamilies,‘
genera and species on the basis of dorsal scutal form, dorsal setal
pattern, scapular setae, sternal setation and leg IV macrosetae. He
recognised 4 subfamilies and 43 gemera, of these, 29 genera and 2
subfamilies were proposed as new. Additional genera were proposed
by Gonzalez & Schuster (1962) and Muma (1962). Hirschmann
(1962) proposed a very conservative system of classification and put
all the species presently considered in Phytoseiidae under one genus
which was included in the family Gamasidae newly revised by him.
Westerboer & Bernhard (1963) though retained the family Phytoseiidae
but included divergent genera presently considered to belong to
differeent families. Wainstein (1962) apparently being unaware of
Muma (1961) and Karg (1961) proposed dividing the family into 2
subfamilies, 3 tribes, 7 genera, 22 subgenera and 20 sections. However
majority were synonyms. Pritchard & Baker (1962) followed a some-
what conservative system of classification recognising 6 tribes each
consisting of a genus, of which one was proposed as new and
included 16 subgenera of which two were new. Schuster & Pritchard
(1963) divided the family into 6 tribes with 17 genera under it.
Lindquist & Chant (1964) transferred Aceodromus Muma to subfamily
Blattisocinae under Aceosejidae. Chant (1965) made an attempt to
stabilise generic concept of Phytoseiidae by making some radical changes.
He brought 4 genera of otopheidomenid mites as a subfamily Otophei-
domeninae under family Phytoseiidae while his other subfamily
Phytoseiinae comprised of 9 known genera and 1 new genus. He did
not recognise a separate subfamily Macroseiinae to embrace
Macroseius Chant et al. and considered it simply as a genus under
Phytoseiinae. He synonymised 4 of the genera proposed by Cnant
(1959) and 35 of the genera proposed by Muma (1961). His basis of
classification was (1) whether or not there is addition of prolateral
4
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setae in the deutonymph and adult on dorsal shield in second moult
and hence whether there are 4 or more prolateral setae in deutonymph
and adult, (2) the placement of sublateral setae ry and R, (3) the
degree of sclerotization of lateral integument, (4) the shape of body
and the degree to which it is covered dorsally by dorsal shield and
(5) the chaetotaxy of leg and macrosetae. Addition and reallocation
of genera were proposed by De Leon (1965, 1965a, 1966) and
Ehara (1967). Muma (1963b), Denmark (1966) and Denmark & Muma
(1966) revised the genera Galendromus Muma, Phytoseius Ribaga and
Proprioseius Chant, respectively. Muma & Denmark (1961) criticised
Chant (1965) for the generic concept proposed by him and deleniated
5 new genera and synonymised 4 genera. Muma & Denmark (1970)
further criticised Chant’s generic concept as he included otophei-
domenid mites under Phytoseiidae. According to them, this inclusion
was without any basis and unwarrunted, because the otopheidomenids
are parasitic or semiparasitic mites with incomplete chelicerae and
fragmented or poorly defined dorsal shield and ventral anus while
the phytoseiids are semipredaceous or predaceous with complete
chelicerae, well defined dorsal shield and ventral anus. Further, they
-also did not favour the inclusion of species with divergent habitat and
food habits under one genus as was done by Chant (1965) specially
in case of hcterogeneous genera like Amblyseius and Typhlodromus.
They recognised 3 subfamilies, viz. Amblyseiinae, Phytoseiinae
asd Macroseiinae with a total of 28 genera under these subfamilies
from Florida. They excluded otopheidomenid mites altogether
from Phytoseiidae. Even after that work a big question baffled
taxonomists whether to include otopheidomenid mites under Phyto-
seiidae or to treat it as a separate family. Krantz & Khot (1962),
Evans (1963), Chant (1965), Treat (1965, 1975), Costa (1968), Prasad
(1963, 1970, 1970a), Wainstein (1972) and Ramsey (1973) studied the
systematics of this group and most of them gave a separate family
status to Otopheidomenidae. Wainstein regarded a part of it under
the family Otopheidomenidae and the remainder as a subfamily
Treatinae under family Phytoseiidae. Chant (1965), of course, included
whole of it under Phytoseiidae in a separate subfamily Otopheido-
meninae. In order to throw furher light on this subject, Chant et al.
(1978) made critical study of this family using numerical taxonomy
and a new classification was proposed which recognised 2 subfamilies,
viz. A. Otopheidomeninae having 4 genera under it (Otopheidomenis
Treat, Treatia Krantz & Khot, Hemipteroseius Evans and Entomoseius
Chant ) and B, Phytoseiinae having 5 tribes as I. Phytoseiini Berlese
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(including genera Phytoseius Ribaga and Platyseiella Muma, II. Typhlo-
dromini Scheuten (including genera Typhlodromus Scheuten and
Gigagnathus Chant, III. Amblyseiini Berlese (including genera
Amblyseius  Berlese,  Phytoseiulus  Evans,  Proprioseius Chant,
Paraamblyseius Muma, Asperoseius Chant, IV. Macroseiini Chant
et al. (including genus Macroseius Chant et al.) and Chantiini
Pritchard & Baker (including Chantia Pritchard & . Baker). This
classification more or less resembles the system as proposed by Schuster
& Pritchard (1963) in which they recognised 6 tribes within the family
Phytoseiidae. Regarding the inclusion of otopheidomenid mites in
Phytoseiidae, Chant ef al., (1978) left it to the subjective opinions of
various reviewers though they themselves strongly argued in favour of
its inclusion in Phytoseiidae. However, in the absence of such study
taking all the genera together, it will be improper to strictly follow their
generic concept.

The present author believes that because of the different ecological
habitat of otopheidomenid mites having different morphological
characters to fit with the typical habitat, it will be proper if the
otopheidomenid mites are kept separately from the phytoseiid mites
in a separate family, Otopheidomenidae. Hence, the concept of the
family Phytoseiidae which the present author has followed in this work
is the Phytoseiinae of Chant (1965) and Chant eral. (1978) and
Phytoseiidae of Muma & Denmark (1970) recognising 4 subfamilies
under it, viz. I. Macroseiinae including Macroseius Chant et al. (not
represented in India), II. Phytoseiinae (including genera : Phytoseius
Ribaga, Indodromus Ghai & Menon, Typhlodromus Scheuten, Gigagna-
thus Chant (not represented in India) and Chantia Pritchard & Baker
(not represented in India) III. Amblyseiinae (including genera :
Amblyseius Berlese, Platyseiella Muma, Iphiseius Berlese, Paraamblyseius
Muma, Phytoseiulus Evans (not represented in India), /ndoseiulus Ehara
and IV. Gnoriminae Chaudhri (including genera Garhwalicus Gupta &
Ray, Gnorimus Chaudhri ( not represented in India).

There are two 'schools of thought regarding generic concept of
Phytoseiidae. One school considers Phytoseiidae to be of remarkable
generalized form and show little variation in morphological character.
With this idea they consider a few basic forms or genera. The other
school considers the basic forms to be suprageneric categories and on
the basis of many minor morphological characters erected a complex
of genera which the former group considers at best of subgeneric signi-
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ficance. So the present author feels that a somewhat conservative generic
concept as of Chant (1965) and Chant et al. (1978) (in part ) will be
a better approach. Again if Chant’s (1965) concept is strictly followed,
there is likely to be a problem in handling numerous species under
some genera like Amblyseius, Typhlodromus, Phytoseius, etc. specially to
key out the species, So to solve that problem it is proposed here to
recognise a subgeneric concept and for such purpose the characters
chosen by Muma and Denmark (1970) and Tuttle (1973) for generic
separation can by and large be utilised with slight modifications. To
some extent this concept has been followed by some of the recent

workers (Ehara & Bhandhufalck, 1977 ; Blommers, 1976, etc.).

INTERRELATIONSHIP OF PHYTOSEIIDAE WITH OTHER

ReLATED FAMILIES

Phytoseiidae is very close to Otopheidomenidae on one hand and
Blattisocidae on the other. Treat (1955), Baker & Johnston (1959)
Krantz & Khot (1962), and Evans (1963) have shown close relationship
of Otopheidomenidae with Phytoseiidae. Evans (1963) also went to
the extent of mentioning that the relationship of Otopheidomenidae
with Phytoseiidae is the true one and not due to convergence.
According to them, the major difference were the tendency to retain the
reduced number of larval setae on the adult appendages in Otophei-
domenidae, the terminal position of anus, reduced chelicera and
difference in ontogeny of the idiosomal chaetotaxy. The terminal
position of anus and reduced chelicera are the unique characters and
not met within Phytoseiidae. Now regarding the reduced setae on
appendages in otopheidomenids, the phytoseiid mites show variation
in this regard and probably the otopheidomenid mites show one of
the extremes. Chant (1965) stated that variation in development in
the idiosomal chaetotaxy as pointed out by Evans (1963), the otophei-
domenids and phytoseiids are not as marked as recorded by Evans.
The larvae of Phytoseiidae and Otopheidomenidae have 9 pairs of
setae on podonotal region (except in O. zalelestes Treat where seta
j3 is absent in all stages). Evans (1963) pointed out that only 1 or 2
getae, r, and s, are added in the protonymph and that pattern is
retained by the deutonymph and adult. But actually in Typhlodromus
soleiger (Ribaga) 3 setae, r,, s, and z, are added in the protonymph
and in all species of the genera Typhlodromus Scheuten and Phytoseius
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Ribaga, an additional prolateral seta is added to the podonotal region
in the deutonymph and retained in adult. In Hemipteroseius, one seta is
added to the podonotal region in protonymph, r,. Evans further
stated that larvae of Otopheidomenidae resemble those of Phytoseiidae
in having only one pair of setae on the opisthosomal region. But
many phytoseiids have 2-3 setae in this region. In Treatia Krantz &
Khot and Entomoseius Chant, 4 setae (J,, Js. S5 and R,), in
protonymph of Hemipteroseius 5 setae (J, in addition to above 4) and
in Otopheidomenis zalelestes 4 or 5 setae are added. All retain the
protonymphal compliment in the deutonymph and adult. However, in
Phytoseiidae, 2-9 setae may be added in protonymph and this is
retained in the subsequent stages. All these indicate that the number
of setae in opisthosomal region of the adult is reduced in Otophei-
domenidae as compared to Phytoseiidae. The divided dorsal shield of
the adult in some otopheidomenid mites, according to Chant (1965), is
also not unique as similar character is seen in the genus Macroseius
under Phytoseiidae. He believed that most of the differences that
exist between Phytoseiidae and Otopheidomenidae are because of the
different habitats in these two groups, as entomogenous in
otopheidomenidae = and free living in Phytoseiidae. On the
basis of this, Chant (1965) went to the extent to include
otopheidomenid mites as a subfamily under family Phytoseiidae.
In the later reports (Chant ef al., 1978), they still continued to have
this concept and retained it under Phytoseiidae as subfamily. But
most of the workers including the present one do not subscribe to
this view and prefer to keep these mites separately from Phytoseiidae
as an independent family, Otopheidomenidae.

Phytoseiidae has affinity with Blattisocidae having truncate genital
shield and palptarsus with 2 tined seta. Many species also have
identical feeding habits. But the former can be easily separated from
the latter in having (1) dorsum with 20 or fewer pairs of setae (except
in Gnoriminae which has 25 pairs of setae) but Blattisocidae has always
more than 20 pairs), (2) sometimes dorsum of Phytoseiidae may be
divided as in Macroseius but it is always complete in Blattisocidae,
(3) never more than 2 pairs of sublateral setae (except in Gnoriminae
which has 3 pairs) but Blattisocidae has always more than 2 pairs,
(4) tectum never with process in Phytoseiidae but process may be
present in Blattisocidae and (5) posteroventral surface of Phytoseiidae
has 7 pairs of setae but more in Blattisocidae.



30 GupTA : FAUNA OF INDIA : Acart
PHYLOGENY

Most taxonomists have assumed that Phytoseiidae has evoloved
from blattisocid type ancestor which possessed numerous setae. Athias-
Henriot (1957, 58) and Hirschmann (1957) basing on this theoretical
concept developed a system of setal nomenclature. Chant (1959a)
also corroborated this idea and evolved a prototype. On the basis of
reduction of dorsal scutal setae, increase in ventral sclerotization and
variation in the type of setae on the dorsal scutum, he developed a
chart utilising a prototype. However, Muma (1961) and Wainstein
(1962) inferred a different view point. Muma (1963a) proposed an
altogether different ancestral prototype which was diametrically opposite
to the views of Chant. According to him, the ancestor phytoseiid had
a few long whip-like setae on the dorsal scutum, large discrete sclerites
on the ventral surface and large tactile setae on legs. From this pro-
totype evolution might have foltowed in (1) increase in setal number
and decrease in setal length, (2) decrease in size and discreteness of
ventral scuta and (3) decrease in length and loss of tactile setae on
legs. In support of his theory he mentioned that immatures in
phytoseiid mites possessed 10-12 pairs of setae on split dorsum of
which 2 pairs being always long and whip—Ilike, despite the fact that
adults normally have 16-20 pairs of much longer setae. Had the
phytoseiids descended from ancestors having numerous shorter setae,
then it is logical that the immediately preceding nonfeeding stage of
these mites would carry a greater number of setae and shorter
setae than adult. He further stressed upon the fact that phytoseiids
were found not only on plants but also in organic debris, litter,
rotten organic matter and leaf mould. The litter inhabiting forms
are invariably Amblyseiinae having long whip—like dorsal scutal setae.
It is more probable that the organisms living in tropics in plant litter
where almost uniform condition of light, temperature and moisture
prevail would retain more primitive characters than organisms living
on aerial parts which are more exposed to rigors of nature. He tried
to get support for his theory from food habits also as species with
longer dorsal setae are either general predators or omnivorous whereas
those with shorter dorsal setae have limited food habits. He thought
Aceodrominae (Fam. Blattisocidae ) is a primitive phytoseiid while
Macroseiinae ( Fam. Phytoseiidae) serves as a premitive link between
Digamasellidae and Phytoseiidae. Basing on this concept Muma
(1963 a) arranged the phytoseiid genera (following generic concept of
Mama, 1961) into a dichotomous tree showing difference and relation-
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ship among the various genera. Excepting Macroseius Chant et al.,
and Aceodromus Muma, which he included previously provisionally, all
other phytoseiid genera belonged to 2 basic types as shown in two
branches of the tree, one representing subfamily Phytoseiinae Muma
having 4 pairs of anterior lateral setae and inhabiting litter, herbs,
grasses and the other branch representing subfamily Phytoseiinae Berlese
having 5-6 pairs of prolateral setae and mainly with arboreal habitat.
He also grouped or segregated the genera according to relative
importance of setae or scutal characteristics within each subfamily.
Primitive forms with fewer and longer setae were put basally while
specialised forms with more and shorter setae were apicailly placed.

Chant et al. (1978), while studying the aspects of numerical taxonomy
in Phytoseiidae, contradicted Muma’s contention regarding phylogeny
of Phytoseiidae and stated that Amblyseius with fewer setae than
Typhlodromus seem to demonstrate a wrder variety of specialisation as
if they have evolved further from some ancestral type. Typhlodromus
contiguous Chant shows a number of Amblyseius characteristics and can
be inferred that Amblyseius specics could have evolved from species of
this nature through progressive loss of setae. However, till now there
is no theory to explain phylogeny acceptable to everybody in the
absence of fossil records and, therefore, this aspect needs further study.

SYSTEMATIC ACCOUNT

Family PuyTOSENIDAE Berlese

1952. Phytoseiidae Baker & Wharton : §7.

1959. Phytoseiidae : Chant, Can. Ent., 91 (suppl. 12) : 48.

1961. Phytoseiidae : Muma, Bull, Fla. St, Mus., 5(7) : 270.

1962. Phytoseiidae : Pritchard & Baker, Hilgardia, 33 : 207.

1963. Phytoseiidae : Schuster & Pritchard, Hilgardia, 34 : 199.

1965. Phytoseiidae : Chant, Can. Ent., 97 : 353.

1966. Phytoseiidae : Ehara, Mushi, 39 . 16.

1970. Phytoseiidae : Muma & Denmark, Arthropods of Florida, 6 : 11.

1973. Phytoseciidae : Tuttle & Muma, Tech. Bull. Agr. Exp. Sta. Univ. Arizona,
208 : S.

1974. Phytoseiidae : Chaudhri, Univ. Agr. Lyallpur, : p. 204.

1978. Phytoseiidae : Chant et al., Can. J. Zool., 5¢(6) : 1330.

Diagnosis : Palptarsus with 2-tined apotele, chelicerae chelate,
undifferentiated hypostomal setae, a smooth or indistinctly serrate
tectum, an entire or transversely divided dorsal shield with less than
25 pairs of setae, 1-3 pairs of sublateral setae, peritreme extends
anteriorly from mesolateral stigmata, anus ventral, legs with pretarsi
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and ambulacra. Genital shield truncate posteriorly with a pair of setae,
a pair of spermatheca open between coxae III and IV ; a quadrate,
elongate or pentagonal ventrianal shield with 1-7 pairs of preanal setae
in addition to paraanals and postanals. Males with spermatophoral
process on the movable digit of chelicera, genital aperture placed
anteriorly on the sternitigenital shield, ventrianal shield with 2-7 pairs
of preanal setae and a pair of caudal setae.

Type genus Phytoseius Ribaga, 1904
Key to the subfamilies of Phytoseiidae

1. Dorsal shield divided MACROSEIINAE
— Dorsal shield not divided 2
2. Prolateral setae 4 pairs, in all 6-9 pairs of

lateral setae, preanal setae 3 pairs AMBLYSEIINAE
— Preanal setae 5 or more pajss, in all 9-12

pairs of lateral setae ; preanal sctae 3-7 pairs 3

3. Sublateral setae 3 pairs, lateral setae 12 pairs,
preanal setae 6-7 pairs GNORIMINAR

— Sublateral setae 1-2 pairs, lateral setae 8-11
pairs, preanal setae 2-4 pairs PHYTOSEIINAE

Subfamily AMBLYSEINAE Muma

1961. Amblyseiinaec Muma, Bull, Fla. St. Mus., 5(7) : 273.

1963. Amblyseiini : Schuster & Pritchard, Hilgardia, 34(7) : 225.

1965. Phytoseiinae : Chant, Can. Ent., 97(4) . 359 (in part).

1970. Amblyseiinae : Muma & Denmark, Arthropods of Florida, 6 : 22.

1973. Amblyseiinae : Tuttle & Muma, Tech. Bull. Agr. Exp. Sta. Univ, Arizona,
208 : 6.

1978. Phytoseiinae : Chant et al., Can. J. Zool., 56(6) . 1344.

Diagnosis : Dorsal shield undivided with 4-6 pairs of setae on
dorsocentral series, 1-2 pairs of median setae, 6-9 pairs of lateral setae
(4 of these are prolateral), 1-2 pairs of sublateral setae, 1-3 pairs of
preanal setae on ventrianal shield, 1-3 macrosetae on leg IV ; males
with fragmented or entire ventrianal shield with 3-4 pairs of preanal
setae, 2 pairs of sublateral setae both placed on dorsal shield.

Type Genus Amblyseius Berlese, 1915
Key to the genera of Amblyseiinae in India

1. Ventrianal shield absent or indistinctly

demarcated, only preanal setae distinctly

present INDOSEIULUS
— Ventrianal shield distinctly present 2



5.

1914.
1923.
1948.
1951.
1955.
1955.
1957.
1957.
1957.
1959.
1959

1961.
1961.
1961.
1961.
1961.
1961.
1961.
1961.
1961.
1961.
1961.
1961.
1962.
1962.
1966.

1966.

MESOSTIGMATA : PHYTOSEIIDAE : AMBLYSEIUS 33

Sublateral seta II (R,) absent PLATYSEIELLA.
Sublateral seta II (R,) present 3
R, on dorsal shield OKISEIUS
R, on lateral integument 4
Lateral integument sclerotized so that r, and

R, though on usual lateral position appear
to be on lateroventral extension of dorsal

shield e IPHISEIUS
Lateral integument not sclerotized as above 5

Metapodal plates large, single paired, tri-
angular, genital shield very broad and punc-
tate, ventrianal shield massive, genu III with
6 sctae PARAAMBLYSEIUS
Metapodal plates 2 paired, slender, elongate,
genital and ventrianal shields usually narrow,
genu III with 7 setae AMBLYSEIUS

Genus Amblyseius Berlese

Amblyseius Berlese, Redia, 10 . 143,

Amblyseius (Seiopsis) Berlese, Redia, 15 : 255,

Amlilyseius (Amblyseiopsis) Garman, Bull. Conn, Agr. Exp, Stn*, 520 : 17,
Kampimodromus Nesbitt, Zool. Verh., 12 : 52.

Amblyseiopsis Muma, Ann. ent. Soc, Amer., 48 : 264,

Amblyseiella Muma, Ann. ent. Soc. Amer., 48 : 266,

Proprioseius Chant, Can. Ent., 89 : 357-358.

Asperoseius Chant, Can. Ent., 89 : 360-362.

Typhlodromus (Amblyseius) Chant, Can. Ent., 89 : 528-532,
Phyllodromus D¢ Leon, Ent, News, 70 : 260,

Typhlodromus (Typhlodromopsis) De Leon, Fla. Ent., 42 : 113.
Phytoscutus Muma, Bull, Fla, St, Mus., 5(7) : 275.

Phytoscutella Muma, Bull, Fla, St. Mus., 5(7) : 275.

Amblyseiulella Muma, Bull, Fla. St, Mus., 5(7) : 276.

Proprioseiopsis Muma, Bull, Fla. St. Mus., £(7) : 271.

Amblyseiulus, Muma, Bull. Fla, St, Mus., £(7) : 278.

Amblyscutus Muma, Bull, Fla. St. Mus,, £(7) : 286.

Paradromus Muma, Bull, Fla. St, Mus., 5(7) : 286.

Cydnodromus Muma, Bull, Fla, St. Mus., 5(7) : 290.

Phytodromus Muma, Bull, Fla. St, Mus., £(7) : 291.

Typhloseiella Muma, Bull. Fla. St. Mus., 5(7) : 291,

Typhloseius Muma, Bull. Fla. St, Mus., 5(7) : 291.

Paraphytoseius Swirski & Shechter, Israel J. agric. Res., 11 : 113-114.
Athiaseius Wainstein, Acarologia, 4 : 17,

Amblyseius (Ptenoseius) Pritchard & Baker, Hilgardia, 33 ; 295.
Typhlodromips De Leon, In Studies on the Fauna of Suriname and other
Guyanas, 8 : 93 (new synonymy).

Typhlodromalus De Leon, Ibid., 8 : 87 (new synonymy).
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1966, Euseius De Leon, lbid., 8 : 86 (new synonymy).

1968. Chelaseius Mum» & Denmark, Fla. Ent,, 61 : 232 (new synonymy).

1968. Proprioseiulus Muma & Denmark, Fla, Ent., 52 : 231 (new synonymy).

1970. Neoled us Muma & Denmark, Fla. Fnt., 51 : 232 (new synonymy).

1970. Fundiseius Muma & Denmark, Arthropods of Florida, 6 : 71 (new synonymy).

1970. Neoseiulus Muma & Denmark, Arthropods of Florida, 6 : 100 (new synonymy).

1973, Ehareius Tuttle & Muma, Tech, Bull, Agr. Exp. Sta. Univ. Arizona, Tucson,
208 : 14 (new synonymy).

1982. Quadromalus Moraes et al., Internat. J. Acarol., €(1): 15-17 (new synonymy).

Diagnosis : Dorsal shield with 13-17 pairs of setae, of which,
4 pairs always present on prolateral series ; setae variable in length.,
Sublateral setae on lateral integument. Sternal shield with 3 pairs
of sternal setae, 4th pair either free on integument or on metasternal
plates. Genital shield truncate posteriorly with a pair of setae.
Ventrianal shield entire or fragmented, of variable shape, with 3
pairs of preanal setae ; 4 pairs. of setae present on the membrane
around ventrianal shield ; 1-2 pairs of elongate metapodal plates.
Peritrematal plate fused anteriorly with dorsal shield. Chelicera uni-
bi-or multidentate.

Type species : Zercon obtusus Koch, 1839

(by original designation).

Key to the subgenera of Amblyseius Berlese

1. Dorsal shield with 5 pairs of postlateral setae 4
— Dorsal shield with less than 5 pairs of post-

lateral setae 2
2. Seta Z, present 3
— Seta Z, absent PROPRIOSEIUS
3. Seta S, present ASPEROSEIUS
— Seta S, absent PARAPHYTOSEIUS
4. Ventrianal shield massive covering major

portion of posteroventral portion 5
— Ventrianal shield not like above 6
5. Seta J, present PROPRIOSEIOPSIS
— Seta J, absent PHYTOSCUTELLA
6. SetaZ,, sy and Z4 long and whip-like, longer

than distance between their bases ; leg IV

with macrosetae on genu and erect seta on

tarsus AMBLYSEIUS

Setac Z; shorter, at most as long as distance
between their bases ; leg I with no macroseta
or only one on genu, no ergct seta on tarsus

oee 7
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Sternal shield distinct and straight or concave
posteriorly, ventrianal shield approximately
shield-shaped or pentagonal 8

Sternal shield indistinct, may be trilobate
posteriorly, ventrianal shield elongate, vase-
shaped or concave laterally 9

Z, and Z, distinctly serrate, sternal shield
as wide as or wider than long, macroseta may
be present on genu I and present on genu II
and III TYPHLODROMIPS

Z, and Z, mostly smooth, sternal shield
longer than wide, genu I, II, III without
macrosetae NEeosEervLus

Peritreme extends anteriorly upto j, ; ante-
rior pair of preanal setae adjacent to anterior
margin of ventrianal shield TyPHLODROMALUS

Peritreme not extends upto j, ; anterior pair
of preanal setae removed from anterior
margin of ventrianal shield Evuserus

Subgenus Amblyseius Berlese

Amblyseius Berlese, Redia, 10 : 143,

Amblyseius (4mblyseius) : Muma, Bull. Fla, St. Mus., £(7) : 287.

Amblyseius (Amblyseiulus) : Muma, Bull. Fla, St. Mus., 5(7) : 287.

Amblyseius : De Leon, In Studies on the fauna of Suriname and other
Guyanas, 8 : 88.

Amblyseius : Denmark & Muma, Fla. Ent., 5C(3) : 169,

Amblyseius : Muma & Denmark, Arthropods of Florida, 6 : 62,

Amblyseius : Denmark & Muma, Fla. Ent., 55(1) : 19.

Amblyseius : Denmark & Muma, Rev. Brazil, Biol., 32(2) : 23R,

Amblyseius . Denmark, Fla. Ent.,57(2) : 146.

Amblyseius (Amblyseius) : Blommers, Bull. Zool. Mus, Univ. Amsterdam,
3(19) : 144,

Amblyseius . Denmark & Muma, J. Agr. Univ. Puerto Rico, 5%(4) : 285.
Amblyseius (Amblyseius) : Blommers, Bijdragen (ot de Dierkunde, 46(1) :
93 (in part).

Amblyseius (Amblyseiusy : Ehara & Bhandhufalck, J. Fac, ed. Tottori. Univ.,
27(2) : 75 (in part).

Amblyseius ; Knisley & Denmark, Fla, Ent,, 61(1) : 8.

Amblyseius : Denmark & Muma, Internat. J, Acaro!,, 4(1) : 3.

Amblyseius . Denmark & Andrews, Fla. Ent., 64(1) : 148.

Amblyseius : Matthysse & Denmark, Fla, Ent,, 64(2) : 342.

Amblyseius : Daneshvar & Denmark, Internar, J. Acarol., 8(1) : 5.

Diagnosis : Dorsal shield smooth, well sclerotized, with 17 pairs
of setae, of those, 6 pairs of dorsocentral, 2 pairs of median and 9
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pairs of laterals. Setae Zg, s, and Z, being long and whip-like and may
be serrate minutely ; j; and j; also long. Sternal shield smooth, as
wide as or wider than long with 3 pairs of sternal setae. Ventrianal
shield pentagonal or vase-shaped with 3 pairs of preanal setae.
Peritreme extends antetiorly upto j,. Fixed digit of chelicera multi-
dentate with a strong pilus dentilis, movable digit with 1-4 teeth.
Genu of leg I, II, III also tibia II, III often possess macroseta. Leg
IV with macroseta on genu, tibia and basitarsus, that on genu IV
being longest.

Type : Zercon obtusus Koch 1839 (by indication)

Key to the species of subgenus Amblyseius Berlese

1. Ventrianal shield vase-shaped with lateral
margins concave 2
— Ventrianal shield pentagonal orcsquarish 5
2. Spermatheca saucer-shaped or cup-shaped 3
— Spermatheca elongate or fundibuliform 4
3. Cervix of spermatheca saucer-shaped hapoliensis
— Cervix of spermatheca cup-shaped indirae
4. Cervix of spermatheca elongated and of
parallel diameter largoensis
— Cervix of spermatheca fundibuliform herbicolus
5. Z, over 200 microns in length 8
— Z, much less than 200 microns in length 6
6. s, and Z, of same length 7
— s, longer than Z neoryk:zi
7. Spermatheca elongated, tubular mcemurtryi
— Spermatheca cup-shaped shoreae
8. z, and z, equal 10
— z, and z, unequal 9
9. 1z, longer than z, aerialis
~— 1z, shorter than z, orientalis
10. Cervix of spermatheca looped paraaerialis
— Cervix of spermatheca not like above 11
11. Macroseta on tibia and basitarsus IV almost .
equal kulini
— Macroseta on tibia and basitarsus IV unequal 12
12.  Ventrianal shield reticulate muraleedharani
— Ventrianal shield smooth 13
13. Ventrianal shield almost triangular, macro-
scta on basitarsus IV longer than that on
tibia IV adhatodae
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— Ventrianal shield almost pentagonal, macro-
seta on basitarsus IV shorter than that on
tibia IV channabasavannai

1. Amblyseius (Amblyseius) adhatodae Muma
(Figs. 26-29)

19¢7.  Amblyseius adhatodac Muma, Fla, Ent,, 50 : 268-270.

1967. Amblyseius ipomoeae : Ghai & Menon, Oriental Ins., 1 : 71-72 (new synonymy).
1974. Amblyseius ipomoeae : Prasad, A catalogue of mites of India, p. 166.

1975. Amblyseius adhatodae : Gupta, Internat. J. Acarol., 1(2) : 31.

1975. Amblyseius ipomoeae . Gupta, Internat. J. Acarol,, 1(2) : 37.

Female : Dorsal shield 375 long, 275 wide, with 17 pairs of
setae, dorsal shield lightly sclerotized with indistinct dark roughly
circular less sclerotized areas. Setae j;, i3, S4» 2, and Z5 long and the
latter two being whip-like and weallly serrate, the other setae (j,, js,
s4) also being long. Measurements of setae j;-42, ijg-56,, s,-127,
Z4-306, Z,-153 ; other setae minute. Sternal shield 68 long, 80 wide,
with 3 pairs of sternal setae, metasternal plates with setae present.
Genital shield normal, 85 wide with a pair of setae. Ventrianal shield
134 long, 103 wide, lateral margins almost straight with 3 pairs of
preanal setae, 4 pairs of setae present on the membrane around
ventrianal shield, JV.-96 long, 2 pairs of metapodal plates present,
primary one-22 long, accessory one-10 long. Fixed digit of chelicera
with 10-11 teeth, movable digit with one tooth. Spermatheca with
slender elongate cervix. Peritreme extends anteriorly beyond j,.
Peritrematal shield with a thin ectal strip which extends behind stigmata.
Macrosetae on leg IV : genu-100, tibia-76 and basitarsus-89. Other
macrosetae : genu III-56, tibia III-33, genu II-33, genu I[-44. Leg
chaetotactic formula : genu Il 223 1, genu Il 1 2 3 1.

Male : Dorsal chaetotaxy similar as in female. Spermatophoral
process as illustrated.
Habitat : Adhatoda vasica, Ipomoea sp.

Type locality and repository : Holotype ¢, Pakistan, Karachi, on
Adhatoda vasica, deposited in USNM. Paratypes 4§ and larva, same
data as for holotype; 1¢, India, Maharashtra, on [pomoea sp.,
repository not mentioned.

Distribution : India : Maharashtra ; outside India : Pakistan.

Remarks : Ghai & Menon (1967) described Amblyseius ipomoeae
on the basis of a female collected on Ipomoea sp. Muma (1967) based
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his description of 4. adhatodae on a holotype from Karachi collected
on Adhatoda vasica and paratype from Bombay collected on Ipomoea sp.
which was sent to him by S. Ghai. The author examined the holotype
of A. ipomoeae at I.A.R.I, New Delhi, and measurements of different
setae were found as: j;-30, j;-48, Z,-225, Z,-105, 5,-90, JV,-78.

Figs. 26-29.
26.
27,
28.
29.

Amblyseius (Amblyseius) adhatodae Muma
Dorsal shield

Posterior ventral surface

Genu, tibia and basitarsus of leg JV
Spermatophoral process
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Ventrianal shield 120 long, 90 wide, macrosetae on leg IV : genu-40,
tibia-75, basitarsus-84. The author also examined a paratype slide
bearing data, A. adhatodae Muma ¢ and A. ipomoeae Ghai ¢ ¢, & &,
Bombay, India, S. Ghai on Ipomoea sp., 6.v.1965, borrowed from Dr.
H. A. Denmark, Florida Dept. of Agriculture, and the measurements
of different setae bas been given in the present text. Both the authors
refer to the same species and, therefore, the species A. (4.) ipomoeae
is treated here as synonym for A. (4.) adhatodae because of priority.

2.  Amblyseius (Amblyseius) aerialis (Muma)
(Figs. 30-35)

1955. Amblyseiopsis aerialis Muma, Ann, ent, Soc, Amer,, 48 : 264-266.

1957. Amblyseius aerialis : Athias-Henriot, Bull, Soc. Hist, Nat. Afr. Nord., 48 :
338-339.

1958. Amblyseius aerialis : Garman, Ann, ent. Soc. Amer., 51 : 75.

1958. Amblyseius aerialis : Athias-Henriot, Bull. Soc, Hist. Nat. Afr, Nord,, 49 . 34,

1964. Amblyseius aerialis : Rao & Rao, Comm, Inst. Biol, Contr. Tech. Bull., 4 : 38-39,

1974. Amblyseius aerialis . Prasad, A catalogue of mites of India, p. 160-161.

1975. Amblyseius aerialis : Gupta, Internat, J, Acarol., 1(2) : 31.

1981. Amblyseius aerialis : Gupta & Nahar, In Contrib. to Acar. in India : p. 9.

Female : Dorsal shield 360 long, 140 wide, smooth with 17 pairs
of setae, of those, j;, i3, S4» 25 and Z, being long and Z; whip-like ;
zg longer than z,, other setae small and almost equal ; sublateral setae
lie on interscutal membrane. Measurements of setae : j;-34-36, j;-51-
55, s4-120-125, Z4-290-330, Z,-150-170 ; remaining setae 5-10 long.
Sternal shield smooth with 3 pairs of sternal setae. Genital shield
normal, about 85 wide with a pair of setae. Ventrianal shield 115-122
long, 80-95 wide, with 3 pairs of preanal setae and a pair of elliptical
pores ; 4 pairs of setae present around ventrianal shield ; JV -84
long ; 2 pairs of metapodal plates present, primary one about 22 long,
accessory one—12 long. Fixed digit of chelicera multidentate,
movable digit with 4 teeth. Spermatheca with tubular cervix and
swollen atrium. Leg chaetotactic formula: genull 2 % & 1, tibia II
1321, genulll 1321, tibia III 1§34 1. Macrosetae on leg IV :
genu-135-150, tibia-100-105, basitarsus 75-76 ; genu I-III and tibia III
also with macroseta.

Male : Chaetotaxy of dorsal shield similar to that of female,
Spermatophoral process as figured.

Habitat ; Citrus.
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Figs. 30-35. Amblyseius (Amblyseius) aerialis (Muma)
30. Dorsal shield
31. Posterior ventral surface
32. Chelicera (female)
33. Spermatheca
34. Genu, tibia and basitarsus of leg IV
35. Spermatophoral process



MESOSTIGMATA : PHYTOSEIDAE : AMBLYSEIUS 41

Type locality and repository : Holotype ¢, Lucern Park, Florida,
U.S.A., on citrus, deposited in U 'S N M.

Distribution : India : Karnataka, Bihar ; outside India: Mexico,
U.S.A., Bermuda, Galapagos Isl., Jamaica, Puerto Rico, Brazil.

Remarks : This species is often found associated with tenuipalpid
mites and readily feeds on it. It is weakly sclerotized and pale brown
or yellow in colour. Garman (1958) reported it feeding on Eotetrany-
chus sexmaculatus Riley. Comparing with the re-description of
Schuster & Pritchard (1963) basing on Californian specimens, the
Indian specimens have Z,, Z, as well as the macroseta on genu IV
shorter.

3. Amblyseius (Amblyseius) channabasavannai* Gupta & Daniel
( Figs. 36-42)

1978. Amblyseius channabasavanni Gupta & Daniel, Oriental Ins., 12 : 328-329,
1979. Amblyseius channabasavanni : Daniel, First All India Symp. Acar. : p. 49.
198I. Amblyseius channabasavanni : Daniel, In Contrib. to Acar. in India : p. 167.

Female : Dorsal shield smooth anteriorly, rugose posteriorly, 320-
350 long, 210-230 wide, with 17 pairs of setae ; j;, js, S,, Z, and Z,
long or very long, other setae minute, Z, being longest. Measurements
of setae: Z,-212-250, Z, -76-110, s,- 72-82, j,- 27-28, j,- 36-48 ;
other setae being minute. Sternal shield weakly sclerotized, 80-84
long, 70-75 wide, with 3 pairs of sternal setae, 4th pair lie on
metasternal plates. Genital shield 76-80 wide, with a pair of setae.
Ventrianal shield 110-120 long, 80-90 wide, with 3 pairs of preanal
setae and a pair of elliptical preanal pores, 4 pairs of setae present
around ventrianal shield, JV,-67-72 long ; 2 pairs of metapodal plates
present, primary one 16-20 long. Fixed digit of chelicera multidentate,
with a strong pilus dentilis, movable digit with 4 teeth. Spermatheca
as illustrated. Macrosetae on leg IV : genu-80-95, tibia-60-64,
basitarsus-52-60, genu I-36-40, genu II-27-32, genu III 32-48, tibia III
43-44. Leg chaetotactic formula : genu II 2331, tibia II 14 %1,
genu III- 1331, tibialll 13&1. Peritreme extends anteriorly upto
j, and slightly curves inwards.

* This species was named after Prof. G. P. ChannaBasavanna, the noted
Acarologist of India but. while latinizing, a mistake arose and instead of
channabasavannai, the species was publish:d under the name channabasavanni. There-
fore, the necessary rectification is being done here in the name of the species,

6
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39

47 41

Figs. 36-42. Amblyseius (Amblyseius) channabasavannai Gupta and Daniel
36. Dorsal shield
37. Ventral surface
38. Chelicera (female)
39, Spermatheca
40. Genu, tibia and basitarsus of leg IV
41. Ventrianal shield (male)
42, Spermatophoral process
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Male : Dorsal chaetotaxy similar to that of female. Spermatophoral
process and ventrianal shield as illustrated.

Habitat : Chrysanthemum, dahlia, palm.

Type locality and repository : Holotype ¢, India: Kerala,
Trivendrum on Chrysanthemum sp. deposited in ZSI, Calcutta, Reg.
No. 3345/17. Paratype 1¢, 13, Tamil Nadu, Oothu, on Dahlia,
Reg. No. 3346/17.

Distribution : India : Kerala, Tamil Nadu, Arunachal Pradesh.

Remarks : Daniel (1981) reported this mite fzeding on Raoiella
indica Hirst. She studied its life cycle in the laboratory and reported
the duration of different stages as : larva-22.2 hrs. (3) 219 hrs. (9),
deutonymph 23.8 hrs. (3) and 23.4 hrs. (2 ). The dzvelopmental period
varied from 84-113 hrs. (9 ), 85-107 hrs. (3 ) and 15-38 eggs of R. indica
were consumed by female and 14-19 eggs by males, respectively during
this period. Incubation period was 32.3 hrs. (2 ) and 30.2 hrs. ().
Ovipositing females consumed 11-40 host eggs or on 6-13 female host
mites/day and laid 1-5 eggs/day. All stages of prey were attacked
by this mite. Among the alternate hosts, Tetranychus fijiensis Hirst,
eggs and crawlers of scale insects and mealy bugs infesting arecanut
leaves were important. The field population of the pradator was
maximum during May-June when the prey was also at its peak.

4. Amblyseius (Amblyseius) hapoliensis Gupta
(Figs. 43-47)
Amblyseius hapoliensis Gupta, Indian J. Acar, (In press)

Female : Dorsal shield rugose, 342 long, 268 wide, with 17 pairs
of setae. j3>j;, Z4>s.=1]3, r3 >Ry, S4=S;<Z,=S,. Measurements
of setae j;-34, j3-43, s,-44, Z,-112, Z,-60, r4-16, R;-14, other setae
small. Sternal shield as illustrated, 78 wide, 94 long, with 3 pairs of
sternal setae, metasternal plates with setae conspicuous. Genital
shield vase-shaped, lateral margins concave, 112 long, 68 wide, with
3 pairs of preanal setae and a pair of crescent shaped preanal pores,
4 pairs of setae present around ventrianal shield, 2 pairs of metapodal
plates present, primary one, large. Spermatheca as figured, Fixed
digit of chelicera with 3 teeth anterior to pilus dentilis, 3 teeth posterior
to it ; pilus dentilis largs, movable digit with 3 small teeth. Macrosetae
on leg 1V: genu-80, tibia-62, basitarsus-63 ; other macrosetae :
genu 1-40, genu II-42, genu II[-45. Leg chaetotactic formula : genu
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Figs, 43-47.
43,
44,
45.
46.
47.

Amblyseius (Amblyseius) hapoliensis Gupta
Dorsal shield

Ventral surface

Chelicera (female)

Spermatheca

Genu, tibia and basitarsus of leg IV
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2881, tibiall 1341, genulll 1821, tibia III 1 § 2 1. Peritreme
extends anteriorly upto j,.

Male : Unknown.

Type locality and repository : Holotype ¢, INDIA: Arunachal
Pradesh : Hapoli, on apple, 28.x.1981, Coll. S. K. Gupta, deposited in
ZSI, Calcutta, Reg. No, 3347/17. Paratypes 39 ¢, same data as for
holotype, Reg. No. 3348-50/17.

Remarks : This species resembles A. (A4.) herbicolus (Chant, 1959)
but differs in shape of spermatheca as well as in relative length of sg,
24 and Z, which are shorter here.

5. Amblyseius (Amblyseius) herbicolus (Chant)
(Figs. 48-56)

1959. Typhlodromus (Amblyseius) herbicolus Caant, Can. Ent., 91 . 84-8S.
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