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PREFACE

Most of the studies done with Thysanoptera are of an economic
nature. The recent literature on the group deals primarily with the
development of insecticides and control techniques. Literature
concerning the biolegy and 1ife histories of the various species is
scattered and, for the most part, published as adjuncts to conitrol
studies. It was, therefore, desirable to collect what is known of
the life histories of several groups of Thysanoptera inte one paper.

fnother purpose of this paper is to review some of the methods
which have proved successful for rearing these insects in the lab-
oratory and overcoming the difficulties associated with their minute
size and unigue life history. It is hoped that the malterial presented
here will be useful te myself and others in rearing Thysanoptera in
the laboratory.

I wish to express my thanks to Dr. L. Herbsrt Brunean and
Dr. William A. Drew for thelr advice and assistance in writing this
papere. 1 also want to express my appreciation to Ir. Douglas E.
Bryan and Dr. B. R, Walton for allowing me to use bibliographical
references and reprints of lite:ature from their files.

I am indebted to Dr. Eobert Fite and the national administrators
of the National Science Foundation for providing financial assisteance

and the opportunity to participate in this master's program.
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CHLPTER I
INTRODUCTIOL

The members of the order Thysanoptera are minute insects ranging
from 1/50 to 1/2 inch in length (Wigglesworth, 1964) (Borror and
DelLong, 1964}, They are rarely seen or recognized by laymen and the
secretive habits and extreme difficulty encountered in rearing them
have discouraged many entomologists from working with the order,

Were i1t not for the severe damage to crops caused by some species the
group would doubtless be even less well knowm. The Thysanoptera do,
however, present soume interesting and diverse life histories and some
successful methods for rearing them for study in the laboratory have

been developed.
General Characteristics

The Thyssnoptera are apparently not closely related to any other
insect group (Howard, 1907). Although they have, at various tiues,
been placed in the Hemiptera, Homoptera and Orthopters they are in
many vays unique and belong in a distinet order (Folsom, 1922).
Although a few members are apterous the most outstanding chzracteristic
of the group is the presence of four narrow, membranous, usuwally vein=-
less, wings fringed with long delicsate hairs. The mouthparts are also
aberrant and cannot be described as true sucking or biting types

(Baland, 1921). The one or two-segmented tarsi are terminated by a



bladder-like structure. Ifetamorphosis is of a type intermediate be~
tween complete and simple and will be deﬁcribed in detail below,
Although some recent workers tend to prefer the hemimetabolous terms
for the’immature instars, the terms "larvae" and "pupse" will be
retained in this paper since most of the life histories published use

the latter names.
Early History

The history of the study of Thysanoptera began in 1744 when DeGeer
deseribed them and gave to them the nawe FPhysapus. Linnaeus, however,
placed them in the order Hemiptera, genus Thrips. It was not until
1826 that Haliday rgised the group to order rank and suggested the name
Thysanoptera which refers to ihe lasseled wings. Linnaeus' genus IThrips
still sfands and the common name, thrips, is applied to all the members
of the order. Since the common name is derived from the generic name
Thrips which is masculine singular, it is incorrect to omit the "s" and

ot iR

call an individual a ®thrip" (Hinds, 1902},
Classification

The order is divided into two suborders, largely on the basis of
the genital apparatus. In the suborder Terebrantia the females have
prominent sawlike ovipositors and have the last abdominal segment
conical. The terminal abdominal segment of the males is broadly
rounded. The females of the suborder Tubulifera have no ovipositors,
and the tip of the abdomen is tubwlar and similar in both sexes (Borror
and DeLong, 1964). As might be expected from the morphology of the

ovipositors, the Terebrantia pierce the plant tissue and depesit the



eggs singly inside the plant while Tubulifera deposit the ezgs in
groups or singly on the surface of the leaves and bark (Imms, 1934).
Both suborders contain predators and phytophagous species. In general
the Tercbrantia are quite active and have 2 wide host range while the
Tubulifera are larger, more sluggish, and can reproduce on a limited
number of plant species (Bailey, 1935).

The classification of genera and species is in a state of flux.
Several specles mentioned in the litersture are synonymous and others
have been placed in different genera. In species where the current
taxonomic position is known it will be noted, but since a taxonomie
study has not been atlempted in this paper, life histories will be

described using the names under which they were published,



CHAPTER TIX
A GENWERALIZED BIOLOGY OF THE THYSANOPTERA

The metamorphosis of the Thysanoptera is unigue and lies some-
where between the typical simple metamorphesis and true complete
metamorphosis. The first two instars are well developed morphologie
cally (Bryan and Smith, 1956), and small compound eyes are presente
In addition, they feed and behave in a way very similar to the
adults. In these respects they conform to simple hemimetabolous
development. However, in species whose wings develop during these
stages the wings are internal and thus resemble complete or holome-
tabolous development (Borror and Deleng, 1964). These two instars
differ from each other prineipally in size and are called larvae or
nymphs depending on which type of metamorphosis one is ineclined to
accepte The third instar termed the prepupa or early pseudopupa has

“external wing pads and is more or less inactive depending on the
species. Usually the prepupa does not fesd and often seeks out a
secluded place to pupate. The appendages are free and the antennae
project forward (Imms, 1934). At the end of this short stadium a
third nolt ocecurs and the pupa or pseudopupa emerges. It is fairly
quiescent though capable of crawling slowly if disturbed. There is
2 chitinous covering and the antennze are reflexed back over the head
and thorax (Imms, 1934). No food is eaten during this stage, the

wings continue to develop externally, and in some species a cocoon



is formed (Bailey, 1940b). Except for the type of wing development and
the mobility, the pupa resembles the typical pupae occuring in complete
metamorphosis. When the adult emerges it usually feeds before mating
or ovipositing (Bailey, 1933a).

lating is promiscuous and the males are very aggressive, fertilizing
as many as six females in 15 winutes (Hinds, 1902). Copulation in
Tubulifera occurs with the male positioned upon the back of the female
and grasping her thorax., The ventral side of his abdomen is placed on
the side of the female's abdomen and bent arcund until the ventral
surfaces of the last segments are in apposition. The male genital
apparatus is sxerted while the female lifts the end of the abdomen to
present the sexual opening. Copulation lasts about 30 seconds, after
which the stronger femsle begins to wmove away dragging the male until
he can free himself (Hinds, 1902). Copulation is guite similar in
Terebrantia but perhaps the time required is longer. Bailey (1933a)
reported that the time varied from two to ten wminutes in Hercothrips
fasgiatus.

Oviposition in the Terebrantia usﬁally occurs in the same plant
tissues the adults feed upon. Some authors indicate that feeding is
necessary to weaken the epidermis before the ovipositor can pierce it
(Moulton, 1907). After the female has selscted a site for ovipositing,
she 1ifts the abdomen and extrudes the ovipositor to a position at
almost right angles to the body and pierces the epidermis. The
abdomen is arched so that the wéight is focused upon the ovipositor
and the body is rocked back and forth to drive the entire ovipositor
into the tissue and enlarge the slit. After a short rest the female

grasps the surface with her feet and by contractions of the body the
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large bean shaped egg is forced inte the plant tissue (Bailey, 1933)
(Williams, 1916) (Hinds, 1902).

The feeding of both larvae and adults is done by piercing the
surface of plant or animal tissue and sucking the juices. The thrips
have a conicel beak which projects from the posterior ventral aspect
of the head and is formed by the labrum maxillae and labium. ¥Within
the mouth cone are three stylets composed of the left mendible and
extensions of the maxillae (Snodgrass, 1935). The stylets are
protruded from the distal opening of the mouth cone and used to pierce
the epidermis and deeper tissues. Then a rooting motion of the head
is used to enlarge the opening and cause the julees to flow, after
which the stylets are retracted and the mouth cone is immersed in the
liquid. Muscles attached to the pharynx dilate it producing a vacuunm
and the juices are sucked up, The thrips do not have a salivary tube
as do some insects and the lubricent produced is not toxic (Bailey,

1935) (Moulton, 1907)e



CHAPTER III

LIFE HISTORIES OF VARIOUS SPECIES

As mentioned above no attempt will be made to place the groups
discussed in taxonomic order, but the various genera and species will
be treated according to biclogical similaritiss. Specles of both
phytophagous andvpredaceous habits are found within both subecrders
and even within the same family,

Heliothprips haemorrhoidalis (Bouche), the greenmhouse thrips, is
among the most widely distributed species of Thysanoptera in the
world (Williams, 1918). Its feeding injures the foliage of plants in
greenhouses and also out-ofedoors in warm climates. The adults begin
to feed upcon the under surface of leaves soon after emerging from the
pupa. They are about .04 inch long and walk rapidly over the leaves.
When disturbed they raise the tip of the abdomen and run but can not
be induced to fly. Oviposition is typical of the Terebraniia with
the female slitting the epidermis and inserting a single egge. The
reniform eggs hatch in about eight deys and the swall white larvae
begin to feed gregariously. A red fluid accumulates at the anal
openings of the larvae (hence the specific name) and finally drops to
the leaf and dries in black spots. BEach molt occurs unprotected among
the Teeding members of the colony. The two larval instars are coue
pleted in about 10 to 20 dsys. The prepupa and pupae are falrly
typical of the order. No food is taken and the pupa is almost motion-

less. The prepupal stage lasts 10-15 hours and the pupal stage 4 to 6



days. The total life cycle requires from 20 to 33 days (Russell, 1909)
(Russell, 1912a). Reproduction is parthenogenic and no males are known
(Hinds, 1902},

The red-banded thrips, Selenothrips rubrocinetus (Girard) is simi-
lar to the greenhouse thrips both in structure and biology and was
formerly included within the same genus (Williams, 1918). In the West
Indies this same species is called the cacao thrips snd is a serious
crop pest. The adulis feed in the same manner as the greenhouse thrips
and the two species are often found together but the red-banded thrips
1s even more active and can jwap and crawl very rapidly. They often
carry the abdomen high and curled forward. The fewale inserts the
eggs singly in young foliage and seals the opening with a large scale
of excrement. The egzs take 9 to 16 days to hatch and begin to swell
near the end of this period unsealing the egg-pocket. The larval
period varies from & to 20 days depending on the temperature. Like
Heliothyips haemorrhoidalis they exude a red liquid from the anus, but
the tip of the abdomen is held high in the air. They are also a bit
more secretive while mwolting than the feormer species, sseking out a
folded leaf or spider web. The larvsl skin splits on the head and by
contracting the body the prepupae free themselves from the larval skin.
This instar is very inactive, although capsble of wmovement. The pupae
are zlso motionless and the pupse and prepupae lie clustered togesther
during the 3 to 8 days of development. A4fter emerging the adult remains
guiet for about a day while the chitin hardens before beginning to feed.
In Irinidad the life cycle takes 16 to 18 days, but in Florida may span
20 to 40 or more days. The males of this species are rare and it is

probable that bisexual reprocduction only cccurs during certain parts of



the year (Russell, 1912c).

The bean thrips, Hercothrips fasciatus (Pergande), is closely
related to the two previously discussed speciss, but differs from them
in seversl important aspects: (1) Pupsztion occurs in the soil, (2)
Adults hibernate through the winter, and (3} Reproduction is bisexual
and males are necessary to carry on the species. When cold weather
approaches in autumn, the adulis cease reproductive activities and
feeding and sesk out a protected place to hibernate, A few find enough
protection under leaves and in cracks to survive rain and cold weather.
They become active agein about the last of March {Bailey, 1933a). The
ratio of females to males is about 2:1, but since the males are guite
sctive sexually most females are probably fertilized (Bailey, 19332).
Mating and ovipositing are typical of the Terebrantis. In the cool
weather of early spring incubation may last 20 days but in swamer lasts
only aboul seven days. The two larval insters which are guite similsasr
to the previously discussed speciss last about 10 to 20 days. The
prepupa drops to the ground and crawls under rubbish or clods of dirt
or crawls down into cracks in the ground to pupate (Russell, 1912b),
Bailey (1933a) found that the newly emerged adult was not able to dig
its way out of the soil. If the ground surface is disturbed and the
adult is unable to crawl back out the original opening it dies, He
also determined the mortality rate beltween second instar larvae and
adults to be approximetely 60 per cent. The young adults rest the
first day after emergence, feed the second day and then begin reproduc-
tive activities. Heproduction is bisexual with mating necessary to
preserve the specles. Parthenogenesis can occur, but unfertilized

females produce only male offspring (Bailey, 1933a).
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Negheegeria yerbasei (Osborn}, the mullein thrips, belongs to the
suborder Tubuwlifera, but its biology is in some ways similar to that
of the bean thrips. Its msthod of reproduction is necessarily bi=
sexual (Bailey, 19332}, as is that of the bean thrips. Only males are
produced parthenogenetically and mating is necessary to maintain the
species (Shull, 1917). Vhere winters afe cold the mullein thrips
hibernate. The flower spikes and basal leaves of the mullein plant
(Yerbascum thapsus L.) afford good protection during hibernation. Un~
like Hercothrins fzscistus this species has a very narrow host range
and can reproduce only on mullein. BEggs are laid on the flower and
leaves and hatch in about 12 days. The larvae feed with the adults on
tender shady parts of the plant and the two larval instar are completed
in about. 28 days, depending on the temperature. There are three pupal
instars (one prepupal and two pupal). These take about nine days and
oceur among the feeding thrips. In warm climates, three generations per
year are completed., Hardly any cdamage is done to the host plant even
though large numbers of the thrips feed on it. Mullein is a biennial
and the colony of thrips remain on a plant twe years before crawling to

the young plants which sprout up around it (Bailey, 1939a).

Limngthr;ps cerealinm Haliday, the wheat thrips and L. denticornis
Haliday, the barley thrips differ from the mullein thrips in that they
have a wider host rahge and normally migrate infesting two different
hosts per year. The adult females hibernate during winter on native
grass and feed upon these until the scwn cereals begin to head out in

June and July (Post and Colbsrg, 1958) (Lewis, 1959). The e are

laid in the leaves and lesf sheaths in the manner usuval for Terebrantia.

The eggs hatch in about five to eleven days and larvae and adults feed
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together on the cereai. The two lerval stages last zbout 13 days and
the two pupal stages about seven days (also on the host). The total
life cycle takes about 29 to 35 days and only one brood is produced
per year (Sharga, 1933). FHowever, large populations can build up.
Post and Olson (1960) reported 23,958,000 barley thrips per acre in
the upper Red River Valley in North Dakota. The second generation
females feed on the host until about harvest time and then migrate
sometimes in large swarms back to the native grasses where they feed
until cold weather before hibernafing. The males are apterous and
die after mating. The flights are not long (only five to eight feet)
in the laboratory and the wind probably aids in their dispersion (Lewis,

1959). The wheat thrips will sometimes bite man (Borror and Delong,

The genus Frankliniella Karny contains several common and important

species. F. occidentalis is the very abundant bul harmless western

flower thrips, F. fusca is a pest on seedling cotton and F. insularis
is the vector of spotied wilt disease in tomstoes. In the West Indiss,
{]

however, B

« parvula, the cacao flower thrips is importani in the
pollination of the cacao crop (Billes, 1941). The bioclogy of this

genus is of the typical kind for Terebrzntia with oviposition in tender
paris of leaves. The flower thrips will also ovipesit in fruit and
flower parts (Bryan and Smith, 1956). Experiments by Davidson and

Bald (1930) and by Bryan and Smith (1956) showed that teﬁperature
markedly affects the rate of development of all stages and the time of
dévelopment varies inversely with the tewmperature., &11 four species
pupate in the ground, in cracks or under debris. Hxcept for F. insularis

onen

they have very short life cycles and, al warm temperatures, complete a
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generation in about two weeks (Eddy and Livingston, 1931) (Bryan and
Smith, 1956). F. insularis requires over twice as leng (36 to 39 days)
to complete its life cycle (Davidson and Bald, 1930), This species is
also peculiar in that both winged and wingless forms of both sexes
occur {BEddy, 1931). The adult females overwinter zt the base of the
host plants and in the spring produce male progeny, and mate with

these to produce the succeeding generation (BEddy and Livingstone, 1931).
In spring reproduction is very rapid. Bailey (1933b) noted that by
late spring in California almost every [lower head contains several

adults and larvae.

The pesr thrips Taeniothrips inconsecuens (Uzel) is a Europezn
species introduced into the United States on fruit trees. Williams

h

(1916} indicated that I. inconsequens (Uzel), and T. pyri Dsniel were

synonymous and, although no taxonomic clarification could be found,
in view of early publication dates and identical life histories it

seems likely that BEuthrips oyri Daniel is also the same species. The

ife history of the whole group will be described under the cowmmnon
name pear thrips.

The life history of the pear thrips is quite unigue in that about
ten months of the year is spent hibernating underground (Williams, 1916).
The adulis begin to emerge I{rom the ground through cracks or softened
soil in February and continue through Hsrch. They may be present by
the millions in a pear or cherry orchard when the young buds begin to
open and their feeding destroys the buds. If the food supply is
depleted they all migrate tc a new orchard (ﬁoulton,-l909a). Oviposition
begins as soon as fruit and leaf stems and young fruit begin to develop

end the eggs are placed just under the epidermis of these stiructures.
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Hatching occurs in four to eight days and the larvae begin to feed on
the leaves and fruit (Foster and Jones, 1911). The larvae grow very
rapidly and by the time they are full grown in two to 'ithree wesks,
they are larger than the adults. They then drop from the tree, enter
the soil, and form cells, within which they remain without food until
fall (Moulton, 1909a). Moulton (1907) found that the larvae still
retained green undigested chlorophyll in their bodies in late August.
Pupation occurs within the cell in gutum and the adults are fully
mature by December te February, but vemain in the soil until the trees
are buddinge Only one gensration per year is completed and reproduction
is strietly parthenogenie (Moulton, 1907).

One of the best knowm and most widely distributed of the predaceous
thrips is the black hunter Leptothrips mali (Fitch). The adults of both
sexes hibernate from October to March, under loose bhark or cracks or old
splder webs or the fruit trees. They become active again by the end of
March, but larvae do not appear bvefore the last of April. A second
generation of larvsze occurs in late June and early July and a2 small
third generation in August. The eggs are known to be deposited singly
on the lower leaf surface, but the lengih of incubation has not been
determined because of the difficulty of rearing this restless species in
the laboratorye. The larval stage lasts about 12 to 15 days after which
they seek out a protected place on the host or in ground debris to
hibernatees The prepupal and the two pupal steges last six to ten days.
The reproductive capacity is very low. In rearing experiments done by
Bailey (1940a) mated females never produced more than one larvae., The
black hunter preys on the eggs of scale insects, the peach twig borer,

the adults and larvae of other thrips, mites, and red spider eggs. The
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feeding is done by piercing and sucking as in phytophagous, and they
can live a few days on plant juices if other food is unavailable
(Bailey, 1940a). Reproduction in Leptothrips mali is bisexuzl, but in
a closely related genus, Haplothrins subtilissirus, reproduction is
strictly parthenogenic with no males known (Putman, 1942).

Another predaceous species, Scolothrips sexmaculatus (Pergande),
is in the suborder Terebrantia. It has three black spots on each front
wing and is commonly called the sixe-spotted thrips (Borror and DeLong,
1964), It is predaceous on the red spider and plant feeding mites. In
feeding, this predator holds the spider down with the front legs and
rolls it over before inserting the mouthparts. It takes about 15 to 20
minutes to suck the juices from a spider and one half to onelminute to
consume a spider egg. It rests for long periods between meals, however,
and this lack of voraciousness together with the small numbers prevent
it frowm being very beneficlal. If the population becomes too dense,
they become cannibalistic and weak or injured individuals are also
killed, Other species of thrips, however, are not attacked. The females
only lay four or five eggs which are inserted into tender plant tissue
and hateh in six to ten days. The two larval instars last five to four-
teen days and the pupal stages about six days. The larvae feed along
with the adults, but the pupae are guiescent under dense spider webs on
the underside of leaves. Bailey (1939b) suspects that the adulis over=-
winter but has not been able to discover any overwintering forms.
Reproduction is bisexual (Bailey, 193%9b).

The banded winged thrips of the genus Aeolothrips Haliday are also
predaceous members of the Terebrantia. They prey upon other thrips,

particularly the western flower thrips and pea thrips. The larvae of
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this genus are very active and are vorazcious hunters. The most outw
standing characteristic of this genus is that it forus a cocoon. When
the larvie is mature it erawls into the loose soil or debris té pupate.
Pupation may be immediate, but in the species which only produce one
brood per year the larvae remain gquiet until winter before pupating
(Bailey, 1951), In this way, Aleothrips resembles the pear thrips
Jeeniothrips inconseguens, but the pear thrips cell is simply hollowed
out of earth, while this group is thought to form its ecocoon from a
silkenAthread produced by the Malpighian tubules (Snodgrass, 1935).

The thread issues from the anus and is wrapped around the body by twist-

ing the abdomen (Bailey, 1940b).



CHAPTER IV
LABORATORY REARING METHODS

It is necessary to rear thrips in the laboratory for several dif-
ferent types of research. GSeveral generations of known parentage are
needed for genetic and taxonomic studies, and it is also necessary to
use reared specimens for disease transmission experiments and for
determining life histories and habits of a species. Since thrips are
difficult to collect in large numbers and are almqst impossible to
obtain in winter (Munger, 1942), material must be reared for almost all
research involving the Thysanopters.

Because of the small size and secretive habits of thrips, conven-
tional insect rearing methods are not suitable (Bryan and Smith, 1956).
Three problems are commonly encountered in rearing thrips; the constfuc-
tion of a good cage, the gselection of a suitable host plant or animal,

and the development of efficient manipulating technigues.
Cages

A thrips cage must be tight enough to prevent them from escaping or
becoming wedggd into cracks, yet it must be ventilated to prevent mois-
ture fron cgnd@nsing and drowning them., In addition, it should facilitate
the menipulation of the thrips as much as possible (Sakimura, 1961), and

should be transparent on one side to allow observation (lunger, 1942).

Sakimura (1961) stipulated that no opening larger than .0025 inch should

16
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oceur in a good cage. The type of cage most useful in 2 particular
situation depends, of course, upon the purpose of the experiment, the
laboratory facilities available, and many other factors, but several
types of cages can be suggested.

One of the most simple cages for mass rearing is made of a pottied
host plant and'a lamp globe, The globe is sealed to the flower pot with
plasticine, and the small upper end of the globe is covered with silk
or some other fine woven material (Davidson and Bald, 1930). Bryan and
Smith (1956) made use of lipped vials covered by muslin cloth. The
¢loth was held in place over the open end of a vial by using a rubber
band wrapped tightly around the vial below the lip. Sakimura (1961)
used 125 ml, Erlenmeyer‘flasks layed on the side or lengths of élass
tubiﬁg with dacron cloth for the ventilated covering. Zddy and Livinge
stone (1931) were able to.confine very young larvae in test tubes plugged
with cotton but for other stages, particularly larvae réady to pupate,
cotton is not satisfactory. Putman (1942) wrapped the cotton stoppers
of rearing vials with gauze. This served very well for caging Ha f‘r'
subtilissimus, but it should be pointed out that this species is much
larger and less active than most of the thrips. The cage made from a
glass container covered with cloth can be variously modified so long as
it is escape-proof, yet air permeable.

Some use has been made of transparent polyethylene bags or plastic
sheeting for cages. Flastic sheeting can be rolled into a c¢ylinder of
the desired diameter and fastened with acetone. The ends can be covered
with cloth or one end can be pressed into the soil around a host plant
(Sakimura, 1961). George (1961} sealed an inverted polyethylene bag

over a potted host plant and ventilated and inflated the cage with
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compressed alr. & small puncture near the top of the bag (and presumably
the compressed air inlet) was screened with cloth. This cage has the
advantage that some manipulation through the bag is possible without
breaking the seal. Bailey (1933) developed a very versatile cage for
thrips with permeable cellophane envelopes. ZInvelopes of various sizes
could be used to enclose a single leaf, a larger twig, or a branche. The
open end of the flexible bag is constricted tightly arcund the petiole

or stem and the basal end can bs left on the growing plant or insexted
in water. Such permeable cellophane can also be used in lieu of cloth

as a covering for other cages (Bailey, 1933a).

Another very simpls cage c#n be made by floating a leaf in a petri
dish of water or sucrose solution. A ring of some "sticky!" substance is
drawn around the edge of the desired feeding or ovipositing area, If
this cage is kept in subdued light at a cool temperature, the thrips
are less active and fewer beqome trapped in the sticky ring (Sakimura,
1961}.

Several workers have used various modifications of a "sandwich"
cage. HMunger (1942) developed a complex cage composed of eight layers
of wood, cloth, rubber, glass and plaster. & leaf of the host formed
the floor of the actual cage cavity and below the leaf was an asseumbly
to cushion the leaf and kesp it moist. 70 layers of perforated glass,
parallel to the leaf blade, and separated with a ring of dental plaster
formed the sides of the cage. The hole in the upper piece of glass was
covered with fine cloth. The cavity of the cage was 2 1/8 by 3 1/2 by 3/8
inches (Munger, 1942). A modificstion of this cage used by Bryan and
Smith (1956) made use of 1/8 inch thick Lucite rather than glass. One

Lucite plate with s 3/% inch hole in it was placed over the leaf and a
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second unperforated Lucite plats was placed over the fifst to form the
roof of the cavity. Sakimure (1961) described a sandwich cage made of
a piece of felt with & 3/8 inch hole cut ocut and a pisce of 15 mil
plastic sheeling on each side. The layers of a sandwich cage must be
held together with equal pressure on all sides so that no cracks occur
between the layers.

Special problems arise in rearing thrips for virus transmission
studies. Thrips must be allowed to feed on a limited area of a growing
lant and the plant must not be dameged by the cage. Storey (1928)
developed such a rearing method in his work with a leafhopper vector
of maize streak disease. Davidson and Bald (1930) adapted this tech-
nique for use with franiliniella insularig in transmissions of spotted
wilt disease in tomatoes. A spring olip on a wire stake supported the
glass rearing tube in a convenient position over & tomate plant. Ome
end of the tube was held flush against a leaf which was pressed up
gently from veneath by a cork stopper on a spring. The other end of
the tubs was plugged with cottonmwool. Using this method all stages of
thrips could be exposed to a very limited srea of a diseased or healthy,

growing plante
Hosts

The selection of a sultable host plant or animal depends upon the
species, but the natursl host is not always the best for use in labora-
tory rearing (Sakimura, 1961). If a plant has crevices or overlapping
leaves, the thrips are difficult to»observe or retrieve. Flowers are
not suitable, but flower-feeding specles can be reared on fruit or

folliage such as bean pods or cabbage midribs (Sakimura, 1961). The
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host must be acceptable for food, must be tender enough for oviposition
and must not wilt or spoil before the eggs hatch (Bryan and Smith, 1956)
(Munger, 1942). The host plant should also be available throughout the
year and should be suited to the type of cage used (Bryan and Smith,
1956), Bryan and Smith (1956) used two different host planis for dif-
ferent stages in the life cycle. Oviposition was on string bean pods
and after hatching the larvae were left on this host until the first
instar was completed. Then they were transferred to the leaves of wild
radish, (Rephanys sstivus L.}, which would fit into the sandwich cage
much better than the bean pods. It is usually necessary to examine the
host plants (Bryan and Smith, 1956) or rear them in isolation (Shull,
1914) to avoid introducing inte the experiment wild thrips or eggs,
that might be on the plants.

Predaceous species have entirely different food requirements. It
is usually necessary to feed them live prey or eggs. Putuan (1942)
reported that Haplgthripg'sgbtgligsimgs was easy to rear. He.fed them
insect eggs which were introduced into the cage on waxed paper. Balley
(19402) found Leptothrips mall very difficult to rear. They were reste
less and continuwously tried toescape even though their natural food,
mites, was provided in the cage. With predaceous species it is often
necessary to incresse the humidity if no plant material is in the cage.
Putman (1942) did this by storing the ventilated cages in a jar with
moistened plaster of paris. In providing food for phytophagous species
it is important not to put more plant material in the cage than is needed
or the danger of water condensstion will be increased. Sakimura (1961)
suggested the use of a small piece of blotter paper in the cage and also

a fairly constant temperature as aids in preventing condensation.
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Sakimurz and Carter (1934) used an artificial feeding apparatus by
putting a2 fish skin membrane over a three per cent cane sugar solution.
This was successful for a1l stages except the very young larvae which

were unsble to plerce the membrane.

Manipulating Techniques

Thrips are difficult to manipulate during rearing experiments
because of their small size, fragility and their tendency to hide in
any crack or crevice available. Also the adults of many species are
extremely active and can ecrawl, jump, or fly very rapidly.

It is usually desiravle to make initiel field collections of the
larval stage. Hunger (1942) suggested the use of a collecting box with
a screen at the top and a removable black plate underneath. Infested
plants or twigs are beaten against the screen and the larvae fall to
the plate below. Larvsee are rather slew moving and can be transferred
to a cage by use of a moistened fine-tipped camel's hair brush (Sakimura,
1961)._ Adults are usually too active to menipulate with a brush. A
small aspiretor fitting z 15 by 25 millimeter vial can be used to
manipulate them. For best results they should be approached suddenly
at the head ends The adults are less active if placed in a cool place
before transiers afe made (Sakimura, 1961). Munger (1942) placed a drop
of chloroform on a piece of cotton over the ventilation hole of the cage
for azbout 2 minute to gquiet adults before transferring them teo another
cage. HNumbers of adults can be brushed inte a new cage in this way rather
than being collected individually. If the brush is dipped in a fine
powder the thrips will not adhere to it. Sakimura (1961) suggested the

use of a 10 x jeweler's lens attached to the glasses or forshead of the
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experimenter for use in manipulating thrips.

Females are ususlly allowed to feed and oviposit on a portion of
plant tissue for about 24 hours. The plant tissue is ihen removed to =z
separate vial for hatching. The used leaves mey be scaked in distilled
water fér 2% hours (Eddy and Livingstone, 1931) or wrapped in moist
cotton (Eddy and Clarke, 1930) to restore moisture to them. After the
ninimun incubaéion pericd for the species, the plant material is ob-
served under the microseope daily and larvae are transferred with a
fine brush to a new vial. Young larvae are vary fragilie, however, and
transferring should not be done unless necessary for the experiment.
When the larvae approach maturity they seek 2 crevice in which to
pupate. In a rearing cage they usually select an angle or corner of
the glass., Munger (1942) developed a lure to collect 21l the pupae into
one place and facilitate observations. Two cover slips with a fragment
of glass between them were glued together so that they formed a slanting
crevice between them, The two glasses touched on one side and slanted
to 0.4 mm opening at the opposite side. Citrus thrips pupae congree
gated where the crevice was 0.2 mm high. By placing such a lure on the
floor of the cage, almost all pupae can be retrieved., 4 constant tempera-
ture of 87.5°F and a relative humidity of 50 per cent was found optimal
for citrus th:ips (Munger, 1942). If satisfactory conditions can be
meintained, thrips can be reared in the laboratory indefinitely and no

loss of vigor occurs (Munger, 1942},



CHAPTER V
CONCLUSIONS

Life histories have been determined for relatively few of the
known speclies of Thyssnoptera. The biclogies of many sﬁecies are
totally unknewn. The groups considered in this study are all similer
in some respects, bul vary in other characteristics. The piercing,
sucking mouthparts and the method of feeding are almost identieal for
all species. The type of metamorphosis is zlso fairly constant.

Host specles feed on various parts of plants, but several specles are
sntirely nredaceoas on arthropods and arthroped egge. There are a
few thrips that seem to be omnivorous to soue degree. Oviposition is

A

different for ths two suberdsrs; the Terebrantia insert thelr eggs

-

into plant tissues while the Tubulif'era simply lay the eggs on the

leaf surface. The nature of the pupal stage 1s perhaps the most
veriable characteristic. Some pupae remain among the feeding adulis
and larvae while others pen ate the soll, BSome species seck out a
natural crevice, some hollow out a cell, and others spin a cocoon.
Some thrips are active only sbout one wonth each vear, others can
reproduce and remain active throughout the year in warm climates. It
is probable that as more species are studied and as better rearing
techniques are developed, the phylogeny of the group will be clearer.
Due to the method of feeding of phytophagous thrips, any species

.

is a potentisl vector of plant viruses. Therefore, pure research on
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any specles might be of indirect economic value,

Relatively 1ittls work has been done on developing techniques for
rearing thrips in the laboratory. Several basic cages and manipulating
technigues have been developsd, and these can be modified to suit a
perticular experiment and laboratory situation. Practice and a thorough

nowledge of the life history and exact requirements of 2 speci i
knowled the 1ife hist d t requ ts of pecies is

necessary for successful rearing of thrips in the laboratory.
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