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INTRODUCTION

The European red mite {Paratetranychus pilosus Can. and Fanz:)
has recently come into prominence as an important pest of deciduous
fruit trees in North America. It has been particularly abundant in
the Pacific Northwesf, where it has caused a great desl of damage.
This local sbundance, and the growing importance of this pest
throughout the country, led the Bureau of Entomology to make a
thorough biological investigation of the European red mite at the .
Yakima, Wash., station. At the same time extensive control experi-
ments were made, which have been reported upen in Techmical
Bulletin No. 25 of the United States Department of Agriculture (22).1
The present bulletin gives only the results of the biologicel work,
which was conducted during 1923, 1924, and 1925,

1 Italic numbers [o parentheses refer to '* Literature cited,” p. 88,
26— —1




T

2 zlﬂ(}lﬁﬂ*}'l(}AL BULLETIN 89, U. S. DEPT. OF AGRICULTURE

HISTORY

The Europesn red mite, as its name implies, was first noted in
Europe, and it has probably been brought to this country in the same
way that many other insect pests have come, that is, on imported
nursery stock. The species was first described in 1877-78 as Tetrany-
chus pilosus by Canestrini and Fanzago (3), who recorded it from
Italy. There seem to be few European references to the species.
Zacher (31),in 1913, ereeted the genus Peratetranychus, in which he
placed the European species ununguis Jacobi and pilosus Can. and
Fanz. In 1915 Trigirdh (29) reported that pilosus was common in
Sweden, and geve a short biological account of it.

The Europeen red mite was first observed in the United States by
Ewing (9), who found it in Oregon in November, 1911, and reported
it as * Tetranychus mytidaspidis Riley, the well-known red spider of
citrus trees.”” As will be shown later, there has been much confusion
over the identity of T. “mytilaspidis,” and P. pilosus has oftenbeen
referred to under that name. Essig (5), in 1912, reported that
*“mytilaspidis’’ oceurred on apple, prune, and peach in Californiz,
es well as on Citrus, and the senior writer found it on pear st Sacra-
mento, Oalif., in 1912,

From 1812 ¢u the Huropean red miie began to appear in various
parts of eastern North America. Many of the entomologists report-
Ing it were evidently not familiar with the citrus mite, and they
usually identified the species occurring there as Parafetranychus
pilosus. Caesar {2) found this species in Ontaric in 1912, and Par-
rott (23) reported it from Geneva, N. Y., in 1915, using the name
“mytilaspidis.” Frost (11} found pilosus in Pennsylvania in 1918;
Garman (12, 13) reported it from Connecticut in 1920, giving the first
extended sgcount of its appearance and habits; and Willisms (30)
mentioned its occurrence in Ohio in 1920, stating that it was very
common on apple. Hamilton (Z6) reported it from Maryland in
1921, giving a short biolegical account of it.  In the West, Smith (28)
mentions it as being common in southern Idsho in 1922. Tha senior
writer has mounted specimens collected at Wenatchee, Wash., in
1916, which were at that time tentatively determined by McGregor
as “mytilaspidis.” Gurman (14) has published good descriptions of
the various stages and has given the results of certain biological
investigations in Connecticut. .

The Buropean red mite has slso been referred to &s the imported
red spider and the plum spider mite. Neither of these names is as
appropriste as the an‘st one, since it is & mite and not a spider, its

original habitat apparently is Europe, and the plum is only one of
many food plants.

SYNONYMY \

The identity end nomenclature of Paratefranychus pilosus (Can.
and Fanz.) and of the citrus mile (P. cif~ MeG.) have been very
confusing to those who have not msade a crreful study of them.
This 1s due to the unusual supesficial similarity of these species, and
to a misconception as to what mite Riley (26) referred to in his
originel description of Penthalodes mytilaspidis, published in 1885.
Banks (1), in 1800, concluded that Riley’s description referred to the
citrus red spider, and the latter went under this name for 16 years,
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untll MeGregor {17), working with Riley’s type material, showed in
1916 that it was not the same, and gave it the name Paralelranychus
{Tetranychus) citri. In the meantime s species of Paratetranychus
appeared in this country on deciduous trees and -was referred to. by
some writers as P. pilosus. As salready mentioned, other writers con-
sidered it the same as the citrus mite, and therefore referred to it as
“ Tetranychus mytilaspidis.” 1t was next claimed by Essig {6, 7, &)
that the deciduous mite and the citrus mite were identicsl, and he
madse citri & synonym of pilosus, owing to the latter being the older
name, although McGregor {I8), in 1918, figured and described ana-
tomical differences which he considered to be of specific value. Re-
cently McGregor and the senior writer 1zade & comparative study of
the anatomy, appearance, sud biology of the citrus and deciduois
species, and have concluded that they are distinet. The results of
this study have been published in the Journal of Agricultural Re-
search (20).

The synonymy of the BEuropean red mite should then stand as

follows:
Parstetranychus Pilosas {(Can. and Fanz.)

Tetranychus pilosus Can. snd Fanz,, 1877-78 (3),

Petranychus mytilaspidis (of suthors). )

Paratelranyschus pilosus (Can. and Faoz.) Zacher, 1513 (31).

Since there js some doubt and confusion regarding the synonymy
of these mites and it is not the purpose of this bulletin to attempt
to straighten this out, what may sppesar to be & more or less arbi-
trary stond on the matter will have to be taken. For the purposes
of this bulletin, then, the Eurcpean red mite (P. pilosus Can, and
Fanz.). will be considered to be the mite belonging to fhe genus
Paratetranyshus that infests deciduouns fruits in both Europe and

North Americe.
DISTRIBUTION

The European red mite, according to European literature, is dis-
tributed over continental Europe from Italy to Sweden and Norway
and from France to Russia. It does not seem to have been reported
from the British Isles.

In North America its distribution is rather genersl along the
Atlantic coast from Nove Scotis to Virginia and west to Ontario,
Michigan, and southern Indiena. In the West it is found frem
British Columbia south to cemtral California and east to southern
Idaho ond northern Utsh. The Americen distribution is shown more
in detail in Figure 1. ‘This mite has not been reported on deeciduous
plants south of latitude 37° N. This is also true of the European
distribution. :

FOOD PLANTS

The favorite food plants of the European red mite are the commeon
deciduous fruits, perticularly the plum, prure, apple, and pesr. It
has alsc been found on the cherry, peach, almond, graps {82}, rasp-
berry, and plants of the genus Ribes (32). Other plants recorded
as food plants include the rose, black locust (Robiniz}, elm, haw-
thorn, privet, lilac, chestnut, Frangula, Pittosporum (4), and pine
(21). Some of these records, particularly the last two, are prob-
ably of accidental occurrences, and the oceurrence on Pittosporum.
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may be that of the-citrus mite. At Yakima, Wash., this mite was -
found occasionsally on rose, elm, and black loeust {Robinie éeudo-
acacig), and experiments showed that it could maintain itsef and
reproduce on the logust. Winter eggs were found on the elm and

locust. .
ECONOMIC IMPORTANCE

The European'red mite is important economically as a pest of
deciduous fruit trees. The injury caused to these treesis very diffi-
cult to determine, as it is not easily measured, and it varies greatly
with different varieties of fruits and under different conditions.

The apple, pear, prune, and plum sre the most seriously pffected -
by the inites. Cherries are affected to a lesser degree, and neaches
and apricots seem to be comparatively free from attack. Since the-
mifes are very unevenly distributed in the orchards of thePacific

Frapexe 1.—Disizibation of the Earopesn red mite !n North America. Dots représsnot specifia
operrrences.  Tho Southern boundsrles of Uiak, Colotade, and Kanzrg are ont Iatitnded7° N.

Northwest, and since individual orchards usually contain only a few
varigties, it has nof been possible to obfain very much information
on the comperative susceptibility of the different varieties of fruits.
Among apples no variety has been observed to be particularly immune.
The Rome Beauty seems to be favored by the mites, whereas the
Winesap is not so seriously affected. Garman (14) states that thin-
leaved varieties are most susceptible. No particular difference hes
been observed in the susceptibility of the major verieiies of pears and
prunes grown in the Pacific Northwest. :

The mites feed by inserting their mouth parts into the leaf cells,
the contents of which, including the chlorophyll, are withdrawn.
This is well illustrated in Figure 2, which shows s leaf a portion of
which was exposed to mite attack while the rest was protected by a
felt pad. It 1s stated by De Ong (4, p. 60) that “restoration from
this fype of injury to & normsal condition is rapid if the mites are
destroyed before the leaves are badly damaged.” If much of the
chlorophyll has been withdrawn, however, the plant seems to be
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unsable to replace it rapidly, and it is never entirely replaced during
the life of the leavea. The writers have observed specific instances
of chlorophyll removal from Citrus leaves by the allied citrus mite in
which the whitened areas remained for over a year.

Apple foliage usually becomes browned or bronzed as a result of
mite attacks. In irrigated orchards the leaves seldom drop, the
abundsance of moisture evidently preventing this. In ronirrigated
orchards complete or partial defoliation ?raquently results from
severe mite infestation. .

Pears are affected in somewhat the same way as apples. In the
Pacific Northwest a browning and diving up of the leaves on the
lower parts of the trees, with subsequent dropping, is often mani-
festod in pears, particularly those of the Anjou, Winter Nelis, and
Bosc varieties. This trouble oceurs diring the first period of extremely
hot weather in the swmmer, and it may oceur in wellHrtigated
orchards. It is believed to be due primarily to the inability of the

FIGURE 2.—A pple leaf showing efect of feading hy Europent red mites on the lighter ports, which
ware exposed to inita attack -

tree to supply moisture fast enough during the sudden onset of high
temperatures following the usuel cooler period, during which heavy
vegetative growth often occurs. Tiis defoliation is very likely to
be aggravated by a severe infestation of mites, since thay remove
large quantities of moisture from the leaves.

%rune foliage is wlso bronzed as a result of mite attacks, and is
much more likely to drop than spple foliage, defoliation often occur-
ring in irrigated orchards. This is frequently accompapied by a
dropping of some of the fruit.

he trees and fruit srve also affected by infestations of mites, but
these effects are not so easily seen. The mites de not feed on the
fruit itself to any great extent, but the fruit is inflirectly affected.
De Ong {4, p. 61) Teports two cases in which prunes from infested
{ungprayed) trees were 18 and 44 per cent smaller, 1'espectively, than
prunes {rom noninfested (sprayed) trees in the same orchards. Since
the trees manufacture their food supply largely in their leaves, any
folisge injury will reduce the vitality of the tres and consequently
the size of the fruit, if indeed it does not cause it to drop off. Harvey
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and Murneek (76) have shown that defoliation early in the season
affects the setting of fruit and the formation of fruit buds. Mite
injury rarely or never oceurs early enough to affect the sefting of the
current yeer’s crop, but it may come early enough to weaken the
fruit buds or even prevent them from forming altogether. It is safe
to say that injury from mites is often much more serious than is
apparent, although it can not always be mathematieally expressed.

The writers have kept records of the increase in the number of
mites in one orchard at Yakima, Wash., and these records are given
in Table 1. The lsrgest number actually recorded was 1,143 mites
on three large Rome Beauty apple leaves, or an average of 381 mites
per leaf. This record was made on July 22, 1922. ’

Table 1 shows that a definite increase occurred in 1923 from June
to August. In 1924 the mites were more numerouvs than in 1923,
but the numbers were somewhat reduced during July, and in late
August of that year live mites were hard to find on these trees. This
reduction was due to the work of the various predacious insects, which
became vury numerous in this orchard in 1924,

TaBLE 1.—Average number of European red mites per apple leaf, Yakima, Wash.,
1923 and 1924

1]
Kumber
of mites

Garman (14, p. 108) has stated that in Connecticut 12 to 33 mites
per leaf will cause browning of apple foliage and that 55 to 133 per
leaf will cause severe browning. The same thing is true in the Pacific
Northwest, the foliage in the orchard referred to being very noticeably
browned by the end of June in both yesrs, and severely browned
during July. Recovery from this did not oceur in 1924, ever thou%h
the mites were of little consequence after the middle of August. It
18 evident from these figures that control measures must be taken
during May and June to be effective.

DESCRIFTION OF STAGES

The European red mite deposiis eggs, from which are hatched
six-legged larvae. These change by molting into eight-legged -proto-
nymphs, which in turn become deutonymphs and finally adults.

THE EGG

The egg (fig. 8, A) is lenticuler, being flattened at the poles, snd it
is distinctly grooved. A stalk sbout as long as the diameter of the
egg arises from the center, tapering gradually to the tip, which is
somewhat bent or curved. When first deposited, the egg is bright
red, but soon changes to & deep orange and shortly before hatching
takes on somewhat of the transparency of an empty eggshell. Tha
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empty oggshells are of a whitish tramsparency. The transverse
dismeter of 40 summer eggs averaged 0.132 millimeter.

The winter eggs are very similar to the summer eggs, except that
they are a deeper, richer red, and somewhat larger. The transverse
diameter of 40 winter eggs averaged 0.148 millimeter.

THE LARVA N

The larva (fig. 3, B) when first haitched is lemon yellow to light
orange in color, but after feeding it becomes derker, changing more or
less to a reddish brown, depending on the guantity of chlorophyll it
has taken with its food. ‘The cephalothorax and the legs end psalpi
remain largely semitransparent. The larva does not have the con-
spicuous whitish spots at the base of the dorsal bristles which occur
in the adult. It has only six legs, which readily distinguishes it from
the other instars. The length of 10 larvae averaged 0.20 millimeter.

THE PROTONYMPE

The protonymph or second-instar mite (fig. 3, C) differs primarily
from the ‘arve in having eight legs instead of six. It is somewhat
larger and has & deeper, richer coler. The size of the protonymphs
depends much upon the length of time elapsing since their irans-
formation from the larval stage, as they increase in size. The length
of five protonymphs ranged from 0.20 to 0.25 millimeter.

THE DEUTONYMPH

Phere is less difference between the deutonymph (fg. 3, 1) and

the protonymph than between any of the other stages. There is so
little difference that it is often difficult to distinguish these fwo
stages. The deutonymph is slightly richer in color and somewhat
larger. In the latter part of this stage the sexes can be distinguished,
the male deutonymph being smaller and more slender than the
female. The length of five deutonymphs was from 0.25 to 0.30
millimeter.
THE ADULT

The adult (Bg. 4) was originally described by Canestrini and
Fanzago (3, p. 1560). Their description is as follows:*

Corpo di forms globosa, troncato anteriormente in lines refsa ed alquanto
gporgente ai Inti verso ' Inserziope delle zampe 3° pajo, Sul dorsc vedonsi
numerose e lunghe getole, disposte in pid serie, diretie in alto e dietro, cost che
' auimale ha I' aspetto 4’ istrice; sul margine posteriore dell’ addome se ne
contano 10, le quali non sono altro che le uliime di cisgeunsa serie dorsale. Una
setols omerale, unga e curva in dietro. Zampe tozze, ad articoli grossi. Esse
sono ricche di setole, tre cui quelle al Into esterno degli articoli sono pidt lunghe
di quelle poste all’ interno; quasi in ogni articolo ve ne Lis una maggiora,
staccantesi ad angole quasi retto,

Corpo nerc: vertice, rostro, palpi ¢ zampe di colore ranciabo.

Lunghezza: 0.25 mill.

Patria: Trevigiano.

1 Thia may be translated ss follows: Body globoss, aguarely truneated anteriorly Gnd somawhbal pro-
truding Iaterally cpposite the insertfon of the third palr of legs. Dorsally there are nimerous long setsa,
srrapged in mapy longitudinal rows, ivingthecreaturethaap}ieumnce of & poropine; thera are 13-of these
satas along the posterior margln of the sbdomen, which are the ast ones of each dorsal row. A humeral
sata, long and curved bhackwards. Legs stocky, swolien at the |olnts. Thesa baat many setas, of which
those ou the outer sides of the joints are lonzer than these on the inner sides; af elmost evory joint Iz &
larger one, stending mearly et right angles, Body bleck; verier, rostrum, palpi, snd legs crange col-
ored. Length, 0.25 mafllimeater. Habitat, Trovigiano.




Fraure 3.—Btages of the Europesn red mitéo': A, :Esa(:* B, é:lﬁ:ut'i? hatched lerva; O, protonymph
Lo n [{

la, Interal vlaw, Al X 120

I, deutonympi; E, adult male; F, adul
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Since this description is inadequate for identifying the species,
a description of the anatomical features given by MeGregor (18,
p. 671) is presented, together with & description of the color and other
gross features by the writers. :

FIGURE 4.—European red mites: A, Adults and molted skins; B, adult females, X 15

Doraal bristles’, 26, in four rows, fine-pointed, pilose, and arising from tubercles,
Palpsl “thumb’ bears on its tip & stout spatulate “finger,” the thickness of
which about equels its length. The usual dorsoterminsl digituli, the doraal
“finger” which is tacklike, snd the dorsobasal hairs accur on the “thumb,’”

2336—29——2
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ag well ag the ls{groventral hair. The farsus possesses & heavy, gickle-shaped

claw whiech is thickest at mid-point;

from thie middle point ventrally

four appendiculate spurs arise

whick considerably surpass the

claw. The usual four tenent hairs

are present. The inner Iobe of

the penis is club-shaped, thick-

ening considerably posteriorly to

form the obtuse bnsilar lobe; the

shaft barely half as long as inner

lobe but otherwise similar; hook

bent only 45° from the main axis

of the penis, sharply acuminzate

without barb. Collar trachea

straight and of nven ecaliber, with

spherical, dilated chamber. Man-

dibular plate narrowed and rounded

anteriorly, but not emarginate,

Female (fig, 3, F, G).—Body ro-

bust, decidedly rounded above.

When firat emerged, the color is

bright velvety red, changing in time

to a dark brownish red. The tu-

bereles bearing the- dotsal bristles

are whitish, contrasting strongly

with the ba d’y ealor, and the bristles,

lega, and palpi are light reddish or

fulvous. "Eyes red. Length .32

to 0.37 millimeter, width .22 to

' 0'21161]0?”331 .- E).—Smaller th

- r : A, Egp: B, ale (fig. 3, E).—Smaller than

Flauee 5 Clover mﬁfnﬁf y?(“é';pmmm) A Exg; B fernale and more slender. Body

. ovate, widest at anterior region of

abdomen, tapering to a more or less aeute point posteriorly. Lighter in color than
feraale. Newly emerged individusle are straw-yellow;
those that have fed for a timeare greenish, the anterior
and pesterior ends peing fulvous. The color changes to
orange with age. Legs and palpi semitransparent.
Eyes gonspicucus, red,  Length 0.27 40 0.30 millimeter,

,RELATED SPECIES

In the deciduous-fruit regions two' other
mites occur commonly which are sometimes
confused with the European red mite. One of
these is the ¢lover mite or brown mite (Bryobia
praetioss Koch). (Fig. 5, B.) This is a
common pest of fruit trees.and is readily dis-
tinguished from the BEuropean red mite in the
young end adult stages by the fact that it is
decidedly flattened dorsally, has very much
longer legs, and is dull reddish or greenish.

The eggs are similar to those of P. pilosuys, -
the winter eggs in particulsr often being
almost indistinguisheble. They are slightly
larger, however, are more nearly spherical, and
lack the stalk and the striations. (Fig.5, A.) ;

The work of the common red spider or two- Fiauns 6.—Cammon red spidar
spotted mite (Tetranychus telurius L.) (fig. 6, B) frerengchus felariud): 4, Bek;
is sometimes taken for that of the European
red mite. This mite, however, js more gregarious in habit, and spins
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& great deal of webbing, in which the almost colorless eggs (fig. 6, A)
are suspended, and which offers some protection for the gregnish or
vellowish young and adults. The adults ere somewhat flatter and
more elongated than those of P. pilosus, and usually bave two con-
spicuous derk spots on the dorsum.

While s}l three of these species sometimes oceur on, the same trees,
usually one of them is dominant, and often only one of the species
can be found in & tree or in a whole orchard. When the European red
mite is very abundant the other species are rarely found in any
numbers. 1f the common red spider gets a start, the European red
mite seems to be unable to maintain itself. This is due to the fact
that it can not run about through the webbing spun by the obher
apecies, but gets tangled up in it and consequently dies.

The citrus mite (Paratetranychus citri MoG.) is very similer to the
European red mite in appearance, as already noted, but it lives on
different plants for the most part, and has s much brighter red color,
The tubercles are concolorous with the body, and the egg is supported
by guy fibrils radiating from the top of the stalk, which is not the
case with pilosus. There are also certain anatomical differences.

Paratetranychus ilicis MeG. also appears to be similar to pilosus,
although the writers have not had specimens for comparison. It is
apparently confined to the holly.

HABITS
WINTER EGGS

The Europesan red mite passes the winter in the egg stuge. The
winter eggs may be found on the smaller branches and twigs of the
trees (fig. 7), being very much more numerous on the lower sides
than above. They are most often deposited about the forks of two
branches and in other roughened places, and when the infestation is
savers they may be found also in the calyx end of apples. (Fig. 8.)
These eggs are bright red, and frequently they are so numerous that
they give the branches o reddish appearance. At other times & close
examination will show that most of the eggs are transparent and
empty. This is usually due to the depredations of some of the insect
enemies of the mites which have fed on the eggs.

Traghrdh (29) states that the winter eggs hatch early it May in
Sweden, and observers in the Eastern States have reﬁortad them as
hatching in late April and early May. In the Pacific Northwest they
hateh about the middle of April, at the time the new leaves are ap-
pearing, and, on apples, just before the blossoms open. In 1923, at
Yakimz, Wash., the eggs were hetching from April 14 to 24, in 1924
from April 10 to-20, and in 1925 from April 10 to 17. The eggshell
splits around its equator for most of its circumference {fig. 9), & small
portion being left as e hinge. The upper half, or Iid, is lifted by the

larva, which crawls out, the lid usually springing back to its original
pesition. The hatching of all the winter eggs is usnally completed
within a week or 10 days. Some observations were made in April,
1925, to determine if there was any difference in the time of hatching
on pear and apple. It was found that eggs were hatching at the
same time on both pear and apple and that a considerable daily
fucsusation occurred in the mumber hatching, owing to variations in
the temperature. '
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IMMATURE STAGES

The small, bright-red or orange larvae swarm to the young leaves
and ab once begin feeding. In some cases they may travel several

Fiovae 7,—Winler oggs of the Evropesa red mite

inches or even feet before beginning to feed. They crowd down
among the unfolding leaves and are not very conspicuous. After a
period of feeding, during which the larva moves about to some
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extent, it settles down, usually on the under side of the leaf near a
vein or midrib, and remains quiescent for & time. The quiescent
period lasts about as long as the leeding peried. The mite remains
perfectly motionless and appavently takes no food. After a time the
skin becomes smooth and glossy in appearance and finally turns
peerly white, indicating that it has loosened from the new skin
underneath. Within a few hours it splits transversely across the
dorsum, between the second and third pairs of legs, and the proto-
nymph, which has eight legs instead of six, pushes 1ts way out. The

TFIGURE 8.—1¥inter aggs of the Lurepenn red mita In calyx end of apple. X 12

molted skins usually remain adhering to the leaf, and in severe in-
festations these and the eggshells may be numerous enough to give
the leaf a silvery appearance. (Fig. 10.)

In the protonymphal stage the feeding and quiescent periods are
repeated, each being somewhat shorter than the corresponding period
in the larval stage, and the cresture molts and becomes a deutonymph.
The sex of the deutonymph can be told after it has fed for a time,
the females becoming larger and more globose than the males. The
duration of this stage is slightly longer than that of the larval or the
protonymphal stage. The males complete each of these stages in e
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fraction of & day less than the females, the total for the immature

?tag:ls aversging eight days for the males and nine days for the

omales. :
ADULT EMERGENCE AND COPULATION

Since the mele becomes adult first, it runs sbout.over the loaves
until it finds & quiescent female deutonymph. It then settles down
beside the deutonymph to await the emergence of the female, As
soon as the nymphal skin of the latter splits across the back the male
begins working at the posterior half of it with his fore legs and mouth

arts. The female arches her back and in a few minutes her posterior
egs ave freed. She then backs out of the anterior half of the old
skin, snd cepulation takes plase immedigtely, sometimes even
occurring before the female has had time to free herself entirely
from the nymphal skin. The male crawls under the femsls from
the rear, the latter elevating the tip of her ablomen. The male
clasps his front Jegs about her abdomen and his second peir of legs
about her hind legs, and then curves the end of his abdomen upward
and forward until it meets the end of the female’s sbdomen. The
pair remain in this position for 10 ur 15 minutes. Parthenogenesis
also occurs. A discussion of this will be found on psge 52.

FEEDING

The young mites feed mostly on the lower surface of the leaf,
since the feeding periods are relatively short and the periods of

* FIoURE 0.~Stages in the hatching of the egg of the Enropean red
mite. ¥ 10¢

quiescence are usually passed on the lower surface, where there is
more protection. Those found on the upper surface are usually
in the depressions of the veins. The adult mites, however, feed
mdiscriminately on both surfaces. Observetions made on mites
feeding on apple (Rome Besuty) foliage in warm, sunny weather
showed that about three-fourths of the adults wers feeding on the
upper surface of the leaves. In cloudy or rainy weather most.of the
adults are found on the lower surface.

EFFECT OF WEATHER

Although the mites are most ective during warm weather, their
sctivity continues at lower temperatures than is the case with meny
insects. In one case a female mite was seen to deposit an egg at
8 8. m., when the temperature was 57° F., the minimum during the
night having been 49°. In another instance copulation took place
at 8 2. m., when the temperaturs was only 50°, the previous minimum
having been 42°. Extremely hot weather seems to hinder the develop-
meht of the mites. From June 30 to July 3, 1924, the weather was ex-
tremely warm, snd maximum temperatures of 104°, 108°, 104°, and
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102°, respectively, were recorded in the rearing shelter. These high
temperatures ceused a higher morbality among the mites under
observation than occurred at other times.

Very little webbing is spun by the mites, bub they are able to
cling tenaciously to the loaf surfaces, and are not so easily washed
off by rains or heavy sprays as is the common red spider. The
webbing of the latter species is very easily washed off, and the mites
and their eggs are carried with it.

FroURE 10,.—Molted skins and empty eggshells of the Furopean red mice on plum lenl
SUMMER EGG DEPOSITION AND HATCHING
The female mites begin to deposit eggs within a day or two after

emerging, in hot weather, wheress in cooler westher they may begin
several (oiays or a week later, Eggs are deposited on both surfaces
of the leaves in about equal numbers. Counts of 755 eggs deposited
on six Italian prune leaves showed that 358, or 47.4 per ceut, were
on the upper surface, and 397, or 52.6 per cent, were on the lower
surface. These eggs ave placed most commonly along the midribs
and veins and near the edges of the leaves. Hatching occurs in the
same manner as with the winter eggs.
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NUMRBER OF GENERATIONS

The number of generations of the European red mite oceuiring
annually varies with the climate and sesson. Triighrdh (29) reports
that four geuerations occur in Sweden, and Garman (14) suggests
that there are probably six in Connectieut. In 1923, at Yakima,
Wash., the temperature was below normal during April, Mey, and
June, and slightly above normal during J uly, August, and September.
Six complete generations of the mites oceurred, and partial seventh
and eighth generations. Some adults of the sixth and seventh
generations (ieposited winter eggs, while others deposited summer
eggs. No individuals of the eighth generstion matured.

In 1924 the average temperature in May was 6° above normal, and
that in June was slightly above normal. Although the temperatures
wera practically normal for the rest of the season, the high temper-
atures during May and June gave the mites an earlier start, end the
stxth generation of 1924 began five days earlier than the fifth gener-
ation of 1923, as is shown in Figure 11. There wera practically
seven complete generations; only a few adults of the sixth generation
deposited winter eggs, and several individuals of the eighth gener-
ation matured.

On account of the relatively high mortality incidental to hardling
the mites, it was difficult to carry the progeny of any specific first-
brood individual through all the succeeding generations of the season.
However, this was accomplished in several instances in 1924, and
Table 2 gives a record of these rearings, showing that there were
actually eight successive generations in that semson, In order to
avoid comp%icat.ing the table, only the dates of hatching for the various
broods ara given, together with the interval in days between these
dates. This interval was not always the minimum, since some of the
individuals emerged {rom other than the first eggs deposited.

TaBLE 2—Record of progeny of Jirst-brood Euro%an red miles reared through
succeeding generctions, Yukima, Wash,, 1924
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OVERLAPPING OF GENERATIONS

Figure 11 shows graphically for 1923 and 1924 the approximsate
duration of each generation from the hatching of the first eggs to
the death of the %ast adults. In 1923, owing to the cool spring,
which made development rather slow, there was practically no time
during the sesson when there was more than the usual overlapping
of the last part of one brood with the first part of the next., Be-
ginning about June 10 there were two broods present for the rest
of the season,

In 1924 the abnormally warm weather in May and early June
hastened the development of the early broods, with the result that
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two broods were present continuously after June 1, and after June
20 there were three broods practically all the time. As a result of
this the infestation of mites was much more ssverse in 1924 than in
1923. As Table 1 shows, the infestation on June 27, 1924, was
more than three times a8 great as it was on July 12, 1923, these two
dates occurring approximately 10 days after the beginning of the
fourth brood in each case. %

DEPOSITION OF WINTER EGGS

Although it has been shown that the winter eggs of the European
red mite hatch within s comparatively few days, they are deposited
over s rather long period. Deposition of these eggs begins about the -
middle of August in the Pacific Northwest, and ‘confinues until cold
weather kills the mites or causes the leaves to drop. In 1925 adult
mites were still present on the few remaining apple leaves on Novem-
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Figuwr 11.—Seasons] history of the Enropean red mite 6t l'm Wash., 1523 and 1924

ber 17. Winter eggs may thus be deposited over a period of three
months. Individual females of the sixth, seventh, and eighth broods
may deposit these eggs. It has been difficult to distinguish winter
eges from summer eggs in the rearing cells, but it was found that
practically no eggs hatched that were deposited by certain females
of these broods. This is taken as ap indication that these were
winter eggs, and that practically all of the eggs deposited by sny
femnale were either winter eggs or sumnmer eggs.

DISPERSAL

The winter eggs are present on the twigs for about gix months, and,
being inconspicuous unless present in. lerge numbers, easily escape
detection and are often carried to new localities on nursery stock.
The winter eges deposited about the calyxes of apples are also 4 possi-
ble means of dqlstribution, but the chances of starting new infestations
from this source would be extremely small.

During the growing season the mites are very easily transported
from one orchard to another on the clothing of men working in the

2336—29——3
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orcherds and on vehicles and farm meckinery. They are also prob-
ably blown considerable distances by hard winds, and they may be
transported by Irrigation water. It is conceivable, too, that they
could be carried on birds’ feet in the same manner as he young of the
San Jose scele are carried.

SEASONAL HISTORY
METHODS EMPLOYED IN THE SEASONAL-HISTORY STUDIES

Detailed seesonal-history studies of mites have not been -ecorded
to any great extent. Ewing (10) and McGregor (19) have made
some studies of this character with the common red spider (Zetran-
ychus telerius L.), and Garman {14} has made s few observations on
the Kuropean red mite in Connecticut. The lack of extensive biclog-
ical records is probably due to the apparent difficulty and tediousness
involved in making them.

Ir the biclogical studies at Yakima, Wash., field records were made
at various times, but owing to the overlapping of broods it was evident
that laboratory studies were very desirable. It was believed that
detailed records could be obtained just as records have been made of
the life history of the codling moth and other insects, and it turned
out that these records were not so difficult to obtain as might be sup-
Fosed. The rearing method suggested by McGregor (19, p. 22)
ooked promising, and this method, which consists of rearing mites in
individual cells on the leaves, was employed. Since McGregor
described the apparatus only briefly in his bulletin, and several mod-
ifications have been made to suit the conditions met with, & detailed
description of the apparatus and methods employed in this work is
given here.

The resring cell was made of 14-inch felt, white being the most
safisfactory color, as the mites and eggs are more easily seen on it
than on darker colors. This felt was cut into squares messuring
approximately 114 inches, and a round hole was punched in the center
with a half-inch leather punch. Squares of celluloid were also cut
to the same size and punched in the same manner. One of these
was glued to each square of felt, and s bit of paper bearing & number
was inserted under the edge of the celluloid. ~ A similar square of
celluloid, but unpunched, was also used with each cell. These cells
were attached to individual leaves on trees growing in the Ieboratory
yard. The cell was placed on the leaf, with the punched celluloid
above, the unpunche({) square of celluloid was placed below the leaf,
and the whole cell was then clipped together with peper clips. (Fig.
12.} These clips were bent with pliers so that they could be clipped
over the thick cells. In this way a small circle of leaf was exposed
in the felt cell, and it was fcaul:-.dy that even with daily hendling the
leaves usually remained on the tres throughout the period of observa-
tion. Occasionally a leaf turned yellow anrd dropped, in which case
the mites were transferred to another cell.

At first an attempt was made to provide & cover for the cell by
putting a narrow ring of sticky material sbout the opening and
placing a cover glass on it, but this was tedious and unsatisfactory.
It was necessary to remove the cover glass for each observation, and
the condensation of moisture became too great within the cell. It
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was found that the mites could be kept within Lounds simply b
the ring of sticky material without the cover glass. The felt itse
slso deterred the mites from wandering. gccasional mites got-
cenght in the sticky material, but the losses from this cause were few.

I

F1avsE 12.—Rearing cel} used In biological sindies of the European red mite st Yakima, Wash,

The sticky material also ]l:;revented predacious enemies and other
mites from entering the cells. :

The trees used in the seasonsl-history studies were young apple and
pear trees that were growing in the laboratory yard. (Fig. 13.) A

L

Vi
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FIQURE 13.—Licoring shelters used in life-history studles of the European ved mite at Yakima, Wash.

frame was erected on the south and part of the east and west sides of
these trees, and this was covered with sheeting. This was necessary
in order to break the wind, which otherwise would have whipped the
colls off the trees, and to prevent the direct sunlight from striking the
cells, as it was found that the section of leaf in the cell very soon
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burned ‘brown if exposed to the hot sun. The north side and the
-top were left entirely open, and operings a foot wide were left; betwaen
the cloth and the ground for ventilation. Temperatures within the
shelter were comparable to those ouiside, as recorded by thermo-

raphs. .
g 'I?he mites wers placed in the cells by menans of fine needles. A °
fine insect pin was sharpened on an oiistone, the pointed end bent af
right sngles for about an eighth of an inch, the hesd removed, and
this snd thrust into a eork of convenient aize. The Writers used this
neegla in preference to a camel’s-hair brush, though the latter may be
used. ‘ .
~ In order to get definite individusal records, newly emerged mites
were placed in the cells, one individaal to 2 cell: Approximately
100 cells were used for each brood. Observations were made daily,

S-g4

Fi4ure 14.—Dilagmen used in recording [nenbstion perlod of eggs of
the Enropean rad mite at Yaldm?f ‘Wash, Crossaed dots represenk
eggs that hetched, with day of deposition and day of hatching
raparated by o desh; dots 0 clreles raprasent eges that fafled to
aateh, with day of 3spositinn

usually early in the merning, especielly in hot weather, and a record
was made of the quiescent periods and of the aolts. When a mite
became adult, its sex was recorded. If if was a female, it was allowed
to remain in the cell, and a record of the oviposition was obtained.
If the mite was & male, it was either transferred to a cell containing &
newly emerged female, or was left in the original cell by itself, a
longevity record heing made in either case.

An enlarged diagram was mede of each cell, the principal veins
being sketched in, and as the eggs were deposited their positions were,
marked on this diagram, together with the date of deposition. (Fig.
14.) The date of hatehing was subsequeuntly recorded, and in this
way it was possible to get accurate records of the incubation peried,
as well as of the total numiber of epgs deposited and the percentage
hatehing. The young were usually removed from the cells as they
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hatched, whether or not they were used in further work. All obser-
vations were made with a binocular microscope having a small
vulcanite fork for a stand. This microscope was light enough to be
held in one hand, the cell being held in the other while the observation
was made. The No. 2 oculars and the a, objectives were used. '

FIELD STUDIES

Observations on the condition of the mites and the relative abun-
dance of the various stages were made at different times in orchards
at Yakima, Wash., as a check on the laboratory studies.

In 1923 hatching of the winter eggs was observed in some numbers
in the orchards on April 16 to 19, and it was practically over by the
93d. On April 25 many of the nymphs were ready for the second molt.
On May 2 a survey was made which showed that there were no
larvee, and that approximately 23 per cent of the mites were proto-
nymphs, 48 per cent were deutonymphs, and 29 per cenft were adults.
A few second-brood eggs were also -observed. On May 16 mahy
summer eggs were found, but few adults were present;.a few of
the eggs were hetching. On May 18 a count was made, and 9
adults, 360 eggs, and 10 young were found.

In 1924 the winter eggs were hatching April 10 to 19. On May
9 a few second-brood eggs were observed, the first brood of mites
being mostly adult. On June 1 to 4 observations showed practically
no mites except adults of the second generation. There were also
muny third-brood eggs and an occastonal newly hatched larva.

In 1925 the winter eggs began hatching April 10 and continued
hatching until abont April 18. By April 28 most of the mites were -
adults or quiescent deutonymphs, and on April 29 a few second-
brood eggs were found.

LABORATORY STUDES

Detailed seasonal-history studies of the Eurcpean red mite were
conducted during the seasons of 1923 and 1924. The studies in 1923
were not so complete as in 1924, and detailed results are given in
thie bulletin only for 1924, Summaries of the more important life
phases for both 1923 and 1924 are given on page 51 and in Tables
56 and 57. In these tables & generation is considered as beginning
with the ege stage and ending with the adult stage.

THE FIRST GENERATION
HATCHING OF WINTER EGGS

In 1923 several twigs bearing winter eggs of the European red
mite were examined daily, and the number of eggs hatehing was
recorded. Most of the eggs hatehed April 16 to 19, inclusive, al-
though the total period of hatching ranged from April 14 to Aprl 23,
s shown in Table 3.

TanLe 3.—Halching of winter eggs of the Buropeun red mite, Yakima, Wash., 1923
o e e ;.N_?.mb.er 1 ~ bz?ab:r
i ate ' E

! I;Jatfz%%sd | - hatched
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IMMATBB.E' STAGES OF. THE FIRST BROOD -
TENGTH OF THE LARVAL PEERIOD
The length of the larval period of 108 individuals of the first brood

is given in Table 4. It averages 4.99 days, the maximum being 8
days, and the minimum 3 days. .

TABLE 4.—Length of larvel period of Furopean red milea of the Jirst brood, Yakima,
Wash, 1824

Number of days

Quiescent Tatal

Max- Avar- Max-| Mlin-
{i=rarn| tal | age |imum|imum

27 4.81 ] a
&0 253 | 5.06 4
108 4 £.99 ] 3

LENGTH OF THE NYMFHAL PERIOD

The length of the nymphal period of the first brood, including the
protonymph and deutonymph stages, is shown in Table 5. For 77
individusls the average length of this period was 7.45 days, the maxi-
mum 10, and the mimmum 5.

Tubue 5.—Lenglh of nymphal period of European red miles of the firal brood,
. Yakima, Wask., 1924

- PROTONYMPH

¥

Number of days

Quisgcant

Aver-| Maz-
age |[mpm

514 | 1.40 10

173 | a.92 10
401 1 7.7 19
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ADULTS OF TRE FIRST BROOD:
QVIPGEBITION

Oviposition records of adulés of the first brood given in Table 6
show that there was an average of 2.28 deys before oviposition, 9.94
days of oviposition, and 10.87 days from emergence to last OV1poSi~
tion. An average of 26.03 eggs was deposited by each femsle.

Tspie 6.—Oviposition by femoles ‘of the first broid of the European red mile,
Yakimay Wash., 1984

Nuzuber of days—

7 iFrom amar-
Hefore ovl-} Ofcvle 1
tl tlom

47 Indl- indi-
widunlay widuals)

LEXGTHE OF LIFRE OF ADULTS

Table 7 shows that males of the first brood lived 8.36 days, on
the average, and females lived an average of 12.11 days.

TanLe 7.—Length of life of adulls of the ,;zirat brood of the European red mile,
¥ akima, Wash., 1924 :

Namber of individusals
Total dnys._
Awverage lepgth of lifa, .. do
Maxtmuwm Jength of Ife do
Mintmum Iength of 1lfe do

1IFE CYCLE OF THE FIRST GENERATION

Tables & and 9 give the life cycle of 26 male and 51 femsle mites,
respectively, of the first brood. The average number of days from
the hatching of the eggs to the molting of the male deutonymphs
was 11.69, while in the case of the females it was 12.88, or & little
over & day longer. To this should be added 2.28 days, which is the
period before oviposition, as shown in Table 6, making a fotal of
15.16 days as the complete life cycle from hatching og the winter
eges to the deposition of the earliest first-brood eggs. These tables
do not inelude the incubation period, since these individusls came
from winter eggs, and the date of oviposition was not known.
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TaBLE 8,—Life eycle of 26 males of }tgs in’;rst brood of the Buropean red mite, Yakimao,
ash., 1084

Data of— Data of nymphal Length of stages In days

Haich- | Larval | Proto- | Deuto- Larvnt | P10 | Deato-
ing molt oymph | nympk oymph| nymph
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En Elo Fil o
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TanLe O.—Life eycle of 51 females of the first brood of the European red mife,
Yakima, Wash., 1924

Date of— Date gﬁ{fph“] Leugth of stages in days
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TasLe 9.—Life cycle of 51 females éf the first brood of the European red mils,
Yakima, Wash., 1824—Continued

Date of— Date l:gimnl{:nphai Largth of stages in days

Hatch- | Larval ; Proto- | Deato Prote- | Deoto-
ing moit | nymph | nymph | LOTVEI | poroht nymph| Total
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THE SECOND GENERATION
EGGS OF THE SECOND BROOD

TIME OF OVIPOSITION

The time of deposition of the second-brood eggs i3 shown in Figure
15. The first eges were deposited May 1, the meximum ovipositicn
occurred May 11, and the last egg was deposited May 31.

LENGTH OF INCUBATION

The incubation period of 961 second-brood eggs averaged 8.29 days,
the maximum being 15 and the minimum 6, as is shown in Table 10.

TiBLE 10.—Lengih of incubation peried of 961 egys of the second brood of the Euro-
pean red mite, Yakima, Wash., 1924

Leogth of perlod Nember Tengih of period

12
263
33
187 ! 15 dnys.
gg Average, .28 daye,

'I‘_IM]!‘. OF HATCHING

Figure 15 shows that the second-brooed eggs began hatching Mayr 13,
that the maximum hatching ocourred May 19, and that the last
occurred June 6.

2336-—20——4
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IMMATURE STAGES OF THE SECOND BROOD
LENGTHE OF THP LARVAL PERIOD

In the second brood the average larval life was 2.58 da.ys, the”
maximum 4, and the minimum 2, as shown in Table 11.

Tasre 11—ZLength of larval ;J'ergad of Wfra'w;lop?g;zed miles of the second brood,
akima, Wash.,

Number of days

'?eed}.ng _ Qulescent

Avar-| Max-| Min- Aver-| Mazx-| Min-
tal | pge [imurclimurm; tal { age [lmemiEmum

571 L 1 #6 1 1.35
4G 1. 43 ] 1.45
120§ 1, 2 1301 k.34

LENGQTH OF THE NYMPHAL PERIOD

The length of the nymphal period in the second generation is given
in Table 12; the average was 4.63 days, the maximum 7, an the
minimam 3.

TABLE 12.—Length of nymphal period of European red miles of the second brood,
Yakima, Wash., 1924

PROTONYMPH

Namber of days

Qulescent

Aveze Max-| .
age tmun

81
B1
92

Mala____

amala

Both sexes...

ADULTS OF THE SECOND BROOD
OVIrosiTION
The females of the second brood deposited an average of 34.51 eggs,

the average interval before oviposition being 1.68 days, the period of
oviposition 15.24 days, and the total average period from emergence
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to the last oviposition-15.84 days, as Table 13 shows. “The total of
91 e%gs deposited by one female is rather unusuai though several
- females deposlted over 80 eggs.

'-1

TABLE 13 —&nposr.tzon by females ‘of the second brood af the Fmopean red mile,
_ Yakima, Wash., 1924 .

Nunber of days—

Number

. From emer| 01

Hefore ovi-|  Of ovie ance to deg 3?’6‘

positien position | Isst ovl- Igdi-

(41 {ndi (a7 Ingl- position iduais
-viduals) | viduals} | @7mdl. | ¥

. - | viduels) .

_ Totel. .. . : 3 . 6t 556 1,277
Average.._. . 15,24 1834 3451
Maximym._ - . 4 a2 33 91
Minfrum. .. 5 5 7

I-E WGTH OF LIFE OF ADULTS

The males of the second breod lived an average of 15.28 days
and the famales 17, as is indicated-in Table 14.

TABLE 14.—Length of life of adults of the second brood of the European red mile,
Yakima, Wash., 1824 -

gumhef of izdividuals

_Avarage length of lifa.
Maximmwm lengtk of Ble. ... ...
Minimum length of life.

LIEE CICLE OF TI{E SECOND GENEBATION

The complete life cycle of 47 males and 26 femsles of the second '
broed is given in Tables 15 and 16. The average life cycle was 15.54
days for the males and 16.08 days for the fema%es to which must be
added 1.68 days, the period before oviposition, makmg 2 total of
17.76 days for the complete life cycle of the second generation. -




BIOLOGY OF THE EUROPEAN EBD MITR

15 —Iafc cycle of 47 malez of the second brood of the European red mite,
Yekimo, Wash., 192}

Date of nymphal
melts Length of atages in days

Prote- | Deato-
nymph [oymph

]

Egg dep- Larvul | Dwuto-
oditicn ing nymph

wmam-cvmommnd =R

.

£ I
May 20|...do
0.-...[.--do.
do do
PN ) RN I, [ S
Mey 21| May 23
d, . ni_do____|
do a-do
do May M
.} May 22{ May 25
_| Moy 23 | May 24
May 22 [_.do_...
do do__
May B
May 24
do
do._..
May 25
.--do__..
oo |.._do____
el May 27
da

| May 20| May 31
Mar 22| June 2

e:ln«ac:«au)ssunun:3«:nnauunnu-««ac:aumannnaonnanonnncnan

-
(=

CﬂbﬂlBt‘hblﬂiﬁbalbbabbneUiﬂebﬂnﬁIngouﬂnﬂi-OnuﬂbJlaaé&ubah:IBIBibla!QUD!JF‘Uﬁi’lﬂhllbh!lﬂ!ﬂ!ﬂ&!

=

§E B0 BB B 3 G b3 G0 A0 B0 dh 00 GF D 43 €3 B2 b3 B 03 B340 13 £2 v BY 13 15 10 1040 00 b3 13 BRI 12 B2 B B B3 B3 b3 D et e

,,._
&8

I
G

-
i=1

- ggt; B 10 G G e 6 e e £ 0 8 10 It k€0 B e IR D B0 B 60 B D KD WA B B0 W 1S R BSOS B DD B DR BT B KT D 2 Y

Minimom

1‘16 individaals,



http:osltl~.ll

30 - TECHNICAL BULLETIN 89, U. 8. DEPT. OF AGRICULTURE

Tanre 18.—Idfe cycle of £6 fomales of the second brood of the European red mile,
Yakima, Wash., 1924

Date of nympaai
molts

Proto-
nympi

]
#

May 12
Moy 13

May 14
--dOo....
do

b1

28 oee

=

&

w2 00 5 0 61,00 60 15 425 0,00 00 400668 T 00 00 =3 00 00 5 5
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THE THIED GENERATION
BGGS OF THE THIRD BROOD
TIME OF OVIPOBITION

Third-brood egge were deposited from May 21 to June 26, the
maximum deposition occurring on June 2, as 1s shown in Figure 15.

LENGTE OF INCUBATION

Incubation records of 1,244 third-brood eggs are given in Tsable 17.
The average incubation period was 10.04 days, the maximum 15,
and the minimum 6,

TapLe 17.—Length of incubc'ion period cgi 1,244 eggs of the third brood of the
uropean red mite, Yakime, Wask., 192}

Length of porlod Number Length of period

4ays, 12 days
days. 13 doys.
days.
daya.

8.
B

14 days,
15 daya
Avaroge, 10.04 days,

7
]

10 daya
11 days
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TIME OF HATCHING

These eggs hatched from May 31 to July 5, as is shown in Figure
15, the period of maximum hatching beu:g from June 12 to 16.

TMMATURE STAGES OF THE THIRD SBOOD

LENGTH OF TEF' LAEVAL PERIOD

Table 18 gmas the average length of the larval peried of 130 indi-
viduals of the third brood as 2.65 days, the maximum 4, and the
minimum 1.

TaBLE 18.—Length of larvel period %Eumﬂ red miles of the third brood, Fakima,
'!

‘Number of days

Colesoent

Aver-| Maz- Min-
age lmamfimran) tal

3
3

LENGTE OF THE NYMPHAL PERIOD

The length of n e(irmphisl period of the third breod, which is given in
Table 19, averaged 4.9 days, the maximum being 7 and the mimimum 3.

TaBLE 10.—Length of nymphal od of Europsan red milez of the third brood,
Yakima, Wash., 1924

PROTONYMFPH

Nuamber of days

Qulescont

Max- \Min-
{mum fimym| tal

1 40
I ke:]
1] 118

COMBINED TOTAL

i
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ADULTS OF THR. THIRD BROOD

Q7IPOSITION

Table 20 gives ovipesition records of third-brood females. There
was. an average. preoviposition period of 1.74 days, an average ovi-
position pericd of 10.71 days, sud an avergge total pericd from
emergence to last oviposition of 11.45 days. The females deposited '
an average of 25.52 eggs, :

Tasrz 20—Oviposition by 31 iﬁmﬂm o{"’:‘.:;:hzn;;rgzimod of the European red mite,

akima,

. Number of dayi—

LENGTH OF LIFE OF ADTULITS

Males of the third brood lived en average of 10.65 dayé, and
fermales Iived 12.69 days, as shown in Table 21. ;

Tanre 21.~Length of life of adulls of the third brood of the Europesn red miie,
Yakima, Wash., 1924 :

Malk | Female

Number ¢f individuals.
Tatel

" Aversge langth of life. . Il do.--.
Maximiom length of Ufe_ _____. . do
Mintmwmm langth of lile. do

LIFE CYCLE OF THE THIRD GENEBATION

The complete life cycle of 31 males and 54 femeles of the third
ganeration is shown in Tables 22 and 23. The average was 17.03

ays for the males and 17.70 days for the females, to which should be
sdded 1.74 days, the preoviposition period, making a complete life
eycle of 19.44 days.
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TFanLe 22.—Life cyr:!o of 81 males of the third brood of the European red mzta,
Yakima, Wask., 1924

Date of oymphal Langth of stages io dsya

Proto- | Deuto-
oymph ; nymph

Proto-
nymph

]

June £ Juna 11
Juge 6 o
June 7
June 8§ 11
do. F!

June 11 13
June 12 1
June 14 16
... 17

Inna 15 18

iune 16
do.

—_

b S

17,
18
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TanLE 23.—Life cycle of &4 females of the third brood of the European red mite,
g Yakimo, Wash., 1524 :

Date of— Date g;}ﬂnphﬂ Length of steges in days

Egg dap-i Hatch. Proto- | Deutor Proto- | Denta-
oaftion lng symph | mymph rnymph |nymph

May 21 | May 3t Jume 4! June §
do. do. d <o, P

Iupe 3
Juns ¢
Jupms 7
Juna 6
Jume T
June 3 June 18
Juna 7 : June 15
June 8 | Juna 16
y do
+ June If) Jume 20|
Mzay 31 i.rune El June 18
o do.._ . . Jupe 17
cecdeo  June 10 do....._
Fii] do June 18
Jung 1 d Juna 19
Juna 2 E June 17
d Juzne 19

June 15

June 16
R & |+ T
o,

June 17

June 18
do

Lif1}
a0,
Juna 19 r)
June 20 R T SO S T S

do d June 25|._.do._.]
do Jupe 28
June 281 June 30
June 26 | June 28
Juns 28 | Yune 30
- de Juty 1}
Tnne 14 Jups 27 | June 20
de d d da do
June 15 June 20 July 1
d k) do

| Juna 18 .-d
do June 30§ July 2
June 17, July I
do pal

—F¥ine 18 o,
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THE FOURTH GENERATION
EGGS OF THE FOURTH BROOD

TIME OF OYVIFOBITION

Fourth-brood eggs were deposited from June 8 to July 24, the
roaximum deposifion occurring on June 29, as is shown in Figure 15,
This is & longer oviposition period than the earlier broods had.
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LENGTH OF INCUBATION

The everage incubation peﬁod of 738 fourth-brood eggs was 8.33

days, the maximum being 14 and the minimum 5. The detailed
records are given in Table 24. : : :

TasLe 24— Length of incubation period of Y38 egps of the fgurih brood of the
European red mite, Yakima, Wash., 1824 '

Length of perlod e Length of perfod

11 days.

12 days O
11 days.
14 days -
Averoge, 8.23 days.

TIME OF HBATCHING

In Figure 15 are given the dates of hatching, This period extended
from June 18 to August 1; the maximum number hatched on June 30.

IMMJ\'_TUBE STAGES OF THE FOURTH BROOD
LENGTH OF THE LARYAL PERIOD

The larval period of the fourth brood averaged 2.65 days, as Table
25 shows; the maximum was 4 and the minifoum 2.

TanLe 25.—Length of lareal ?erfqd Ofl ;‘i’u;{op%;;ed miles of the fourth brood,
akima, Wagh,, :

Wumber of da¥ys

Feeding Quiescent

]
Aver-| Maz- To- Max-t Min-
nga fitmom tal imum, jmeam

i
L
1

B

LENGTE OF THE NYMPHAL PERIOD

The nymphal period of the fourth brood extended over an average
of -}I‘Si ]days, the maximum being 9 and the minimum 3, a3 is indicated
in Table 26. ©d

4
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Tawir 26.—Length. of nymphal period of Buropean red miles of the fourth brood:
. Yakima, Wash., 1524 . _

PROTONYMPH

Nomber of days *

Quiescent Taotal

AW-lMa:- Min-| To- {Aver- IMax.
aga iimmn lmumi tal | gge [fmumiim;

108} 53 } 2.29
1.I7 R 1
114 186 | 231

ADULTS OF THE POURTH RROOD

OVIPOBITION

Femsls mites of the fourth brood deposited an average of 15.68
e2gs, the preoviposition period averaging 2.12 days, the oviposition
period 8.76 days, and the total period from emergence to lsst ovi-
position 9.88 deys. These fizures are given in Table 27.

TasLe 27,—Oviposition by 25 females of the fourth brogd of the Buropean red mite.
Yakima, Wash., 1984

Numtber of dayas

From
Belore BmeT-
ovipogl- nes o

tlon sk ovi-

positicn

LENGTH OF LIFE OF ADULTS

Table 28 shows that fourth-brood males lived an average of 11.18
days and females an average of 11.91 days. '
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TanpLe 28.—Length of life of adulls of the fourth brood of the Euli;'opean red mite,
Yakima, Wash,, 1924

Male | Femals

Number of Irdividasls . 17
Totn) . nYa.- 1%
Average length of lila. 0

Manxlmom langth of lifa o
‘Minimuara longth of life 0

LIFE CYCLE OF THE FOURTH GENERATION

Records of the life eycle of fourth-brood males and females are
given in Tables 29 and 30, respectively. The derelopment of 22
males occupied an average of 15.55 days, and that of 34 females 15:82
days, or, adding 2.12 days for the preoviposition period, 2 total of
17.94 days for the females.

TapLe 20.—Life cycle of 22 males of the fourth broed of the European red mile,
Yakima, Wash., 1924 v

| i
Date of— i Dats c;g;:]:tfsmph.al ! Length of stages In days

L,
t b
i Ege dep-| Hatche % Lorval ; Proto- | Deuto- E Laryal * Proto-iDeur.o-
osition | ing |, molt oymph | oymph inymph'cymph
H \ -

Jung 24 | June 26 .
Juna 30{ July 1:
July 1| July 3,
July 4jJuly 6!
July & | July 7
July & | July 9.
July 0| July 11:
July 10| July 32!
Igly 11| July 33
July 1017 duly 12
July 14| Jnly 1%
July 13 | July 15
PN YO N T . I, M
July 12| July 14 | Tuly 17
July 1t Jnly 13 | Tuly 35
July July 15 July 18
do do do

July Fuly 17 | July 10
July July 18 July 20
July i Juiy 22
July July 23 July 25
July July 24 ( July 28

=

Juns 10 | June 20 [ June
I Juno 17 | June 26 : Jume
odoa.. o doo .
| June 20 | Junme 20
Jung 22

¥y 1
y b

n
o)
0
1
3
4
T
-]
4
8
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Tapre 30.—Life cycle of 94 Jémales of the fourth brood of the European red mite,
Yakima, Wash., 192}

ra

Date oi— Date of nymphal Length of stages I days

Egg deg Hateh- Proto-
asttion

Proto- to-
Inn ing nymph Larval Den

aymph ! nymph |

44
8

y June 18 | June 2G
June 16 | June 25
June 17
Jiune 23
fa
do

Epod
3

oA B0 nIen o0 e

Pkt
=}

12

July 13 ¢ July
July 15 Tuly
July 13 July 15
Tuly. 14 ! Tuly 17
eBo . __.do.,__.
July 16| July 19
| July 12 ' July 14
July 14+ Jualy 18
July 15t July 19
July 16 ;...do
Toly 17§ July 2
40 July 21
July 18 '.__do.....
July 22 Inly 2§
Imiy 271 July 2%
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THE FIFTH GENERATION
EGGS OF THE FIFTH BROGD
TIME OF OVIPOBITION

Figure 15 shows that fifth-brood eggs were laid from June
August 8, with & maximum on July 23.

LENGTE OF INCUBATION

The length of incubation of the fifth-brood eggs averaged 8.56
days, en indicated in Table 31, the maximum being 12 and the
minimum 5.

Tasre 31.—Length bf incubation period of 485 egys of the fijth brood of the Buropean
red mite, Yakima, Wash., 1924

Length of period g Leogth of period

f 10 days,
1 1) days
i 12 daya

Average, 8,68 doys,
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TIME OF HATCHING

In Figure 15 it is seen that the fifth-brood eE.FE hatched from July
6 to August 17, with 2 maximum number on July 30.

IMMATURE STAGES OF THE FIFTH BRCGOD

LENGTH OF TEE LARVAL PERIOD

K The length of the larval period of 76 individuals of the fifth brood
I is shown in Table 32. It averaged 2.82 days, the maximum heing &

and the minimum 2.

TanLs 32.—Length of lorval period of Europesn red mites of the fifth brood, Yalima,
Wash., 1924

Number of days

Feeding l Quieseant Tatal

' 3 -
Aver-il\inx~|Min-‘ I Maz-| Min- Avar-lh’[ax-lMln-
oge |imom imum imum impm nge imum-lmum

11 . L 67

o
X I g0t
i L 8

1
i

i

LENGTH OF THE NTYMPHAL TERIOD

The nymphal period of the fifth brood was 5.15 dayson the average,
as is shown in Table 33, the maximum being 8 and the minimum 3,

¢ TanLg 33.—Length of nymphal veriod of European red mites of the fifth brood,
Yakima, Wash., 182

PROTONYMPH

Number of days

Feeding ! Quiescent

Aver- M»."x—’ Min-} To Aver-!Max-_!Miu.— ; Max-
age [imumimnm’ tal | ago !imum!imum Hwnm

i 16 0.
1 48 | 1.
1 &l

0
1

DEUTONYMEPL

Y
ll 1]

COMBINED TOTAL

Both sexes.
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ADPBLTS OF THE FIFTH BROOD

‘OVIFOSITION

Female mites of the fifth brood had an aversge preoviposition
“period of 2.12 days, an average oviposition period of 11.88 days, 4
and en average period from .emergence to last oviposition of 13 days, ¢
as is shown in Table 34, The. aversge number of eggs deposited Was.
15.52. o | s
Ta@m 34.—Oviposition by %’5 {f?ﬁ?ﬁé’,oﬁrgﬁ, ﬁf;gsl‘z-oa& of tkg .Europeqn. a'-ed‘.m.z"ts.,,

Nomber of ﬂsys—- :

From
.'g?rors? enmrECl
o - 08
tig?x 88 ervis
position |

Tolal. ... ; . g B
Avarage. ' . X . 13 .
Maximum__ - . ] - 2 28
Mloimnm.... . 2. ) -

LENGTE OF LIFE OF. ADULTS

Teble 35 shows that males of the fifth brood Lived an average of
8.85 days and females an average of 14.33 days. o
Tapre 35.——Lengtfs. of Eij‘; of adulls of the })l‘iftﬁ brood of the Eﬂropean red mile,.

, _ Yakima, Wash., 1324 . : A

 Fexalo 8

Numtber of {edividuals____
Totat Ldays__

Average langth of lifa_ do.
Masimum lkngth of dfe do..
Minimum length of life do

LIFE CYCLE OF THE FIFTH GENERATION

Tables 36 and 37 give the life cycles of 17 males a.nd_43'femal_a]3' 3
of the fifth brood. The life cycles of the males ocoupied an average
of 16 days from egg deposition to matburity, while the same period
for the females averaged 16.73 days. Adding the precviposition -
period of 2.12 days to this gives & total of 18.85 days as the sverage
complete life cycle of females of the fifth brood.
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TasrLe 36.—Life cyele af 17 mﬂles of the Jifth brood of the Europenn red mue,
Yakima, Wash., 1924

Data of— Date g&{;ﬂph“[_ Imgth of stages in days

Na, -
. Froto- | Deuto-
Lareal |y oph | nymph :
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TasLE 37.—Life cyele of 43 females of the ﬁﬁﬂh of the European red mile,
Yakima, Wash., 1924

Date of— Date tgltollsgnpha! Length of stages in days

Egg dep-| Hatch- Proto- | Deuto- Proto- | Dreuto-
osition | . oit .| oymvh ! nymph Larval nymph |nFmph

July .11.| Jaly .14
July 13 ) Fuly 17
July 13
Tuly 18
July 20
July 23
S, S

ao
July 28
Joly 26
woado. .| Jul —-do.___
do . T Y
do. | 1 Auvg. ¥
U [ T 2 _Ido__.-
ug. 9§
July 281 Jul Aug. 4
fo.._.| July 30 . Aug. %
do ..-do Ang. 10
S, T _..go.-.--_ Aug. 3§ |. _Idu.-__
R | F . ug.
Avg. 1 b J T T D
R I - --do___.
_do_._ Ang. 1G
ool Ang, 2 Aug. §
e-=do___ | do . ' do
dcael T do do.. Aug. 10
Y don..
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' ' m srxm GENERATION
BGGS 0!' THE SIITH BBOOD

'rnm 0? OYIPDS\ITION

As is shown in Figure 15, mxth-brood eggs were depomt.ed irom -
: July 15 to September 11, mth 6 maximum ovxposmon panod from
. August 11 fo 16, .

LENGTH.\. OF INU'UBA'I'ION L

The mcubatmn period of 587 szxth-brood avera.ged 9.23 daya,
the maximum 17 and the minimum. 6, as Table 38 shows

. TapLE 38 —-Leng:}s of mcubahon peoriod of 587 egga o_f Ihe sixth brood of the Buropean
ed mzte, Yakima, Wask 924

' : Nn'mw--"' o " | Numbes
Leangth of peried .of egus . of eggs

Average, 9.23 days.

TIME OF HATOHING .

Figure 15 gives the time of hatching. This axbended from July 25

to Sepﬁembar 27 ; the maximwm number of eggs hatched on Augnst 25,

IMMATURE STAGES OF THE SIZTH BBOO'D
LENGTH OF THE LARVAL PERIOD

The larval period of the sixth brood averaged 3. 11 days, the maxi-
mum being 7 and the minimum 2, as shown in T'able 39, '

TasLe 39.—Length of larval period of Et}:ro;;eég; red m:tes of the sizth brood, Yahma,

Nnmber of days

Qulsscent Total

To- [Aver-| Mas-| Min. |Aver-] Max-| Min-
tal | ege [Imnmiirmem age |imnn imuam

el 2 1 74
82 418 | L.23 3 . 3.33
Both sexes .| 16 110 | 1.20 p 8 1] 288|581

LENGTH OF TEE NYMPHAL PERIOD

Ta.ble 40 shows that tha nymphal period of the sixth brood averaged
6.76 days, the maximum being 23 and the minimum 4. The nymph

requ.mnf 23 days to develop emerged latein the year when the weather
wWas coo
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TanLe 40.—Length of nymphal Ezﬂ-wd of European red mites of the sizth brood,
e : P Yakima, Wash., Ig?; .
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ADULTS OF THE SIXTH EROOD
OVIFOSITION

' Ovi%c;sit,io;l records for adults of the sixth brood are given in Table
41.

o preoviposition period aversged 2.9 days, the oviposition
period 14.5 days, and the period from emergence to last oviposition
16.4 days. The average number of eggs deposited was 14.65.

TaBLE 41 —Ovipssition by 20 {efi:‘alea o{;’ tfwh sf.‘jtghzgrood of the Buropean red mile,
akima, Wash.,

Number of days—
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LENGTH OF LIFE OF ADULTA

Males of the sixth broed lived an average of 12.56 days and females
21.63 days, as Table 42 shows.
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Tasre 42-—Length of life of adulls of the sizth brood of the Buropean red mite,
. Yakima, Wash., 1524

¥umher of individusls

Aoemg length of dife

warage length ¢ e
Maximum length of lifa.
Minimum Isngih of lits

LIFE CYCLE OF THE S1ITH GENERATION

Tables 43 and 44 give the life cycles of 25 males and 32 females,
respectively. The average life cycle of the males was 17.52 days, and
that of the femasles 19.03 days, which, with a freoviposition period of
29 dla.ys, makes an average complete life cycle of 21.98 days for the
fernales.

TaeLe 43.—Life tycle of 85 males of the sizih brood of the Buropean red mile,
Yakima, Wash., 1924
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Tapre 44.—Life cycle of 32 females of the sizth brood of the European red mile,
Yaokima, Wash., 1924 )
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THE SEVENTH GENERATION
EGGS OF THE SEVENTH BROOD

TIME OF OVIPOSITION

Figure 15 shows that seventh-brood eggs were deposited from
August 9 to October 11. There was no very definite maximum depo-
sition, though more eggs were deposited from September 1 to 8 than
at any other time.

LENGTH OF INCUBATION

The incubation period of 279 seventh-brood eggs averaged 11.05
days, the maximum being 33 and the minimum 7, as is shown in Table
45.
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TanLe 45.—Length of incubsation perind af 279 egge of the aeventh brood of the Euros
pean red mite, Yakima, lg’gmh., 1924 )

Length of poriod Ruomber | Length of period  ~ Nipmber

o et 3 80 S0 M

days
Average, 11,05 days.

TIME GOF HATCHING

Seventh-brood eggs were hatching from August 17 to Qctober 14,
88 i8 shown in Figure 15.

IMMATURE STAGES OF THE SEVENTH BROOD
&>
LENGTH OF THE LARYAL PERIQD

In Table 46 it is seen that the larval period of the seventh Hrood
averaged 4.71 days, the maximum being 17 and the minimum 2*

TaprLe 468.—Length of larval V,{fd of %’u?p:}an ;sd mites of the seventh brood,
akima, Wash., 192
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LENGTH OF THE NTYMPHAL PERIOD

The nymphal period of the seventh brood averaged 9.09 days, the
meximum being 16 and the minimum 4, as shown in Tabla 47,
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Tansp 47— Length of nymphal period of European red mites of the seventh brood,
Yakima, Wash., 1924
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ADULTS OF THE SEEVENTH HROOD

OVIPOBITION

Seventh-brood females deposited an average of only 9 eggs, as it
was late in the season. Table 48 shows that there was an average
preoviposition (}Jeriod of 3.2 days, an average oviposition peried of
10.4 days, and an average of 12.6 days from emergence to last
oviposition,

TaBLE 48.—Oviposition by five females of the seventh brood of the European red
mite, Yakima, Wash., 1824 -
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LENGTH OF LIFE OF ADULTS.

Males lived an average of 13.59 days and females an average of
20 days, as shown in Table 49.

TasLe 48.—Lengih of life of adulls of the seventh brood of the European red mile
Yakima, Weash., 1984
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LIFE CYCLE OF THE BEVENTH GENERATIOM

Tables 50 and 51 give the life cycles of 24 males and 10 females,
respectively. The average life cycle of the males was 24.35 days,
and that of the females was 183 days. This difference is due to
the fact that most of the males were rearad later in the season and
consequently in colder weather than the females. To the female
life_cycle should be added the preoviposition period of 3.2 days,
giving & complete life cycle of 21.5 days.

TapLE 50.—Life cycle of 24 males of the seventh brood of the European red mile,
Yakima, Wash., 1924
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Tavve 51.~=Life cycle of 10 females of the seventh brood of the European red mile,
' Yakima, Wash., 182}
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THE EIGHTH GENERATION
EGGS OF THE EIGETH BROOD

TIME OF OVIFOBITION

Eighth-broed eggs were deposited from August 28 to October 6,
the maximum being deposited on September 5. This is shown in
Figure 15. .

LENGTH OF INCUBATION

The incubation period of 58 eggs averaged 14 days, the maximum-
being 29 and the minimum 7, as is shown in Table 52.

TanLe 52.—Length of incubation peried of 58 eggs of the eighth brood of the Euro-
pean ved mite, Yakima, Wash., 1924
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TIME OF HATCHING

Figure 15 shows that the eggs hatched from September 8 to, Octo-

ber 135,
IMMATURE STAGES OF THE EIGHTH BROOD

LENGTH OF THE LARVAL PERIOD

Table 53 gives the average length of the larval period as 6 days,
the maximum as 13, and the minimum as 3.
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TapLE 53,—Length of larval period of 18 European red mites of the eighth brood,
pYaIc:mt{, Wask., ’,934 / o

Average

Dags
3.83

31 238

i

LENGTH OF THE NYMPHAL REEIGD

The nymphal period averaged 11 days; the maximum was 14 and
the minimum was §, as Table 54 shows.

TaBLE 54 —Length of nymphal period of Europsan red miles of the etgkth braod
Yakima, Wash., 1924

PROTGNYMPH

Number of days

Quiescant

Avnr-lg:; Min-
age imum

ADULTS OF THE EIGETH BROOD

Although four eighth-brood adults were secured, cold weather and
the consequent dropping of the foliage made it mmossnbla to obfain
records of their oviposition or longevity, One femals lived 22 days
before the leaf dropped, depositing & single egz on the tenth day.
Two other females lived 14 and 19 days, respectively, without depos-
iting any eggs.

HIFE CYCLE OF TEE FIGHTH GENEEATION

The life eycle of the only male reared to maturity was 22 days.
Th} tillrea females had an average life cycle of 26.33 days, ss shown
in Table 55.



http:S.])EPT.OF

‘BIOLOGY OF THE EUROPEAN RED MITE _ 51

TaBLe 55.—Life cycle of one male and three females of the European red mite of
the eiphth brood, Yakima, Wash., 1884

MALE
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SUMMARY OF LIFE-HISTORY PHASES

The life-history studies made in 1923 were not complete, but
Table 56 presents a summeary of the more important phases, as far
as it is possible to give it. In Table 57 is given & similar summary
for 1924, It will be seen that there is considerable variation in the
average length of a given phase in the different broods. This is
chiefly due to variations in the tempersture. The average of these
phases for all broods in the two years agrees very well. In these
tables the average length of the complete life eycle does not agree
exactly with the sum of the averages for the various phases of that
life cycle, for the reason that the Iife-cycle averages are figured from
the individuals that completed their life cycle, while the other figures
incIIude many additionsl individuals that did not complete the life
cycle.

TasLe 58.—Summary of the phases in the life of the European red mite, Yakima,
Waak., 1928
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i ‘Phla does not jnelude the Incabstion perlad and i3 not considered o Bguring the seasonal averags.
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TavLe 57.~8ummary of the phases in the life of the European red mite, Yakimas
. Wash., 1524
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15.67

| This doos not includa the incubation period and is not considered In guring the seasonal average.
t This does not includa the preoviposition perlod.

It may be said that there is an average incubation period of ap-
proximately 10 days, a larval period of 3.5 days, & nymphal period
of 6 days, and a preoviposition period of 2.5 days, which would result
In & complete life cycle of approximately 22 days. The individuals
actually completing their life cycle in 1923 averaged 21.05 days,
end those completing the life cycle in 1924 averaged 20.42 days.

. The female mites oviposit for approximately 11 days, during which

time they generally deposit from 20 to 24 eggs, or about 2 eggs per
day. Individual records were obtained, however, of females that
deposited 80 to 90 eggs. (See Tables 6 and 13.) The females live
about 15.5 days and the males about 11.5 days on the average, al-
though some individuals have been found to live as long as 39 and
34 days, respectively. (See Tables 42 and 49.)

MISCELLANEOUS STUDIES
PARTHENOGENESIS

The females of the European red mite can reproduce partheno-
grenetically, a.lthou%h it 13 probable that under nstural conditions

parthenogenesis seldom occurs except where the mites are scarce.
The eggs deposited by unfertilized femsales produce only males.
Those deposited by fertilized females produce both males and females.
Ross and Robinson (27) state that field counts showed only sbout
1 male to 10 females, and Hamilton (15, p. 187) concludes from this
“that the fertilized eggs produce females and the unfertilized eggs
males.”” While the latter part of this statement is true, the fertilized
eggs produce mites of both sexes. Males and females are produced,
whether the eggs have been fertilized by males desecended from
mated females or from unmated females. %‘he writers kept a record
in 1924 of the sex of mites produced from 368 eggs. There were
154 males, or 41.8 per cent, and 214 females, or 58.2. Theoretically,
fertile eggs should produce msles and females in equal numbers, and
if a larger number of eggs had been recorded the numbers of males
and females avould probably have been more nearly equal. The
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comparative numbers that may be found in the orchard will vary
with the time the examination is made. The males mature sooner
than the females, and do not live so long. Therefore an examination
mude when the mites of any given brood are beginmning to mature
would show & preponderance of males, while an examination made
later would show more females. On May 2, 1923, 151 mites were
examined. Only 42 of these had matured, this being only about -
two weeks after the winter eggs had started to hatch, and these
consisted of 27 males and 15 females. On July 3, 1923, & similar
examination showed 17 males and 37 females.

A study was made at Yakima, Wash., of the effect of partheno-
genesis on the European red mite, including a comparison of the
length of life of fertilized and unfertilized females, the comparative
number of eggs deposited by these females, the incubation period,
the percentage of eggs hatching, and the comparative length of life
of males resulting from fertile and infertile eggs.

LENGTH OF LIFE OF FEMALES

In 1923, 30 fertilized females lived an average of 15.60 days, while
19 unfertilized females lived an average of 15.85 days. In 21924,
20 fertilized females lived an average of 17.05 days, while 19 unferti-
lized females lived an average of only 14.74 days. This would indi-
cate that there is very little difference in the length of life of fertilized
and unfertilized females, the latter probably not living quite so long
a8 the former. :

EGGS

Records were made in 1923 and in 1924 of the number of eggs
deposited by fertilized and unfertilized females, and the number
that hatched. Table 58 compares the eggs deposited by these females,
the eges being those deposited at the same time of the year, in order
that other factors shnufd be equal. The fertilized females averaged
29.02 eggs each, and the unfertilized females averaged only 27.17
eggs each, or 1.85 eggs less. Ross and Robinson (£7) recorded en
average of 38.6 =ggs deposited by fertilized females and an average
of 25 egzs by unfertilized fermales. The fertile eggs hatched better
than the parthenogenetic eggs, an average of 85.32 per cent of the
former hatching, and only 76.53 per cént of the latter.

TaBLE 58.—Comparison of parthenagenetic and fertile eggs of the Furopean red
mite, ¥Yakima, Wash., 1928 and 1924

Parthensgenetic eges § Fertile eggs

i Eggs |Average
Eggs hatehed _Fama]as depos-t per | Eggs hatched

Epgs [Avorage
! Femnles; depos- 1 par
t ited  § femnale

N ) + :

| Number| Kumber; Number| Number: Per of. Number : Numberl Nitmber| Per e,
. 21 406 | 2362 367 | V3.90 30 56| 2520 634 3. 88
21 30.71 510 .07 20 3415 6 8608

Average‘_.-_._i.---.._- T i 76.53 29,02 85,32

In 1924 the incubation period of fertile and parthenogenetic eggs
was compared. The average incubation period of 766 fertile eggs
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was 10.45 days, whereas the average incubation period of 479 par-
thenogenetic eggs, deposited at the same time, was 10.57 days, the
two average pertods thus being approximately equal.

LENGTH OF LIFE OF MALES

Records of the length of life of 29 males from parthenogensetic eggs
and 19 msales from fertile epgs, living &t the same time of the season,
were compared, and it was found that the average length of life of the
former was 13.8 days, and of the latter 13.2 days. :

Parthenogenesis 1n the European red mite thus appears to shorten
the life of the femasls slightly, to cauae femaeles to deposit fewer eggs,
and to cause & smaller numbaer of the eggs deposited to hatch. It
does not appear to affect the length of life of the resulting males,
however.

TIME OF EGG DEPOSITION.

Records of the oviposition of females of the European red mite
were made twice daily for a short time in May, 1923, the observations
being made aft approximately 9 a. m. and § p. m. Of 181 eggs laid
during this time, 143, or nearly 80 per cent, were laid between 9 2. m.
and 5 p. m. The average mean temperature during this interval was
71° B., whereas the average mean temperature during the interval
from 5 p. m. to ¢ a. m. was 57°. Another series of observations, made
on the same dates, but at 10 a. m. and 5.30 p. m., showed that only .
about half the eges were laid between these hours,

RATE OF OVIPOSITION

Since the average daily egg deposition of the female mites has a
direct beering on the rate of increase of the mites, data are given in
Table 58 to show the rate of oviposition. Apparently the femeles of
the earlier broods deposit more eggs per day than those of the later
ones, the average number of eggs per female per day being 2.64,
2.37, 2.47, and 1.85 for the first four broods, respectively, end only
1.3, 1.3, and 1.29 for the fifth, sixth, and seventh broods. This
difference in the rate is borne out by the figures for the average total
number of eggs per femals, which are given in Table 60. It will be
seen there that the tofal number is much higher for the first three
broods, at least, than for the later broods. This difference in the
rate of oviposition can not be explained entirely by differences in
the mean temperaturs, since the temperatures averaged higher during
the time the fifth and sixth broods were ovipositing, for example, than
during the oviposition period of the first and second broods. It is
possible that extremely warm weather decreases the rate of oviposi-
tion. Also the more mature condition of the foliage may provide less
sttitable food for the mites, which would probably affect the rate of
oviposition. There was an average daily oviposition per femsle of
1.89 eggs for &ll broods.
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' Tapre 59.—Rale of sviposition by the European red mite, Yokima, Wash., 1984
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TavLE 60.—Average number of eggs degaaﬁed by the European red mile, Yakima
Wash., 1324 :
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PERCENTAGE OF EGGS BATCHING

Table 61 shows the percentage of eggs hatching for each brood in
1923 and 1924. The average for all broods in 1923 was 72.25 per
cent gnd in 1924, 76.74 per cent. .

TABLE 61— Number of summer eggs deposited and number and perceniage hatched
of the European red miie af Yakima, Wash., 1923 and 1924

1923

Eggshatetied | goplfieq

Number | Per cend
876 81.1%
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i
Seventh . 208
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Averaga of averages by broods




. FEEDING AND QUIESCENT PERIODS ~ ... ©
- The quiescent periods of the immature stages of the Euro pean red
- mite are of particular-interest because the quiesesTFiindividuals are -

more resistant to certain sprays than the sctive indi¥iduals, - Table B

. 62 gives the average feeding and quiescent periods for seven broods
* jn 1924. . This shows that the quiescent period averages nearly as

long as the feeding period, the average total feeding period. being Y

4.93 days and the average tofal quiescent period 4.54 days. =
TasLg 62.—Comparizon of jeediﬂf and ‘guiescent ﬁ:yeriad& of immature stages of
the Buropean red mite, Yakima, Wash., 1924 . .
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NATURAL ENEMIES

The study of the Eu:olpean red mite in the Yakima Valley has
shown thet natural control through the agency of predacious enemies
is of considerable importance. In each of the three years that these
studies have been conducted, 1923, 1924, and 1925, there has been a
general control by the several predatory enemies in most if not all
of the orchards where the mites were present. This conérol takes
place suddenly each season some time 1n August. The suddenness

with which the mites disappaar is one of the.most remarkable features

of this patural control. 'The lagt of July or early part of August 200

or 300 mites could be found on a leaf, while a few days later it was

difficult in many cases to find more than an occasional one or two.
This sudden decrease in the number of mites is doubtless due to the
fact that the predacious enemies incresse to such numbers and to
such a stage in their development that their rate of consumption is
far greater than the rate of increase of the mites. Up to that time
the predators are so few that the rate of incresse of the mite is in
excess of the predators’ food requirements. Unfortunately for the
efficiency of control by these enemies, it comes affer most of the
injury to the folinge has been done. If natural control ceme in June -
instead of in August, artificial control would be unnecessary.

A great many different kinds of predacious enemies of Parafe-
tranychus pilosus, and of other closely related mites, have been -
observed and recorded by various writers. Ross and Robinson (27)
report Stethorus punctum Lee. in small nurabers feeding on P. pilosus
in Canada. The two-spotted lady beetle, Adalia bipunciate L.,
was also found spparently attacking this mite. These enemies,
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however, did not appear to reduce the numbers of mites appreciably.
Gaman (14) records the following predators on P. pilosus in Con-
nectiout: Leplothrips mali Fitch, Scolothrips sexmaculatus Pergande,
Holothrips sp., Triphleps insidiosus Say, Stethorus punctum Lec.,
and the predacious mite Seius pomi Parrott. These he reports as
most numerous in July and August, especially in 1922 and 1923,
Hamilton, in Maryland {15), found only the coccinellid Stethorus
punclum.

These are the only writers who have discussed the ememies of
P. pilosus as such. However, a number of writers have reported
predacious enemies of other mites and of pilosus under other names.
It 3 guite probable that several of the enemies reported as preying
upon Tetranychus bimaculatus Harvey (=telarius L.) and T. mytil-
aspidis Riley (=citri McGregor) are also found predatory on pilosus.
Indeed, in many instances these three species have been more or
less confused, especially P. pilosus and T. mytilaspidis, so that
many of the predators reported on the citrus mite may prove common
also on the red mite. This is particularly true where the host plants
of the two species of miies intermingle or grow in the same general
vicinity.

In the Yakima Valley the following predacious enemies of the
European red mite have been found: A gamasid mite, Seius sp.
(probably S, pome Parrott); an anthocorid, Triphleps inaidiosus Say;
a coccinellid, Stethorus picipes Casey; and a species of thrips, Scalz—
thrips sexmaculatus Pergande, In addition to these known predators
it is very probable that a species of Hemerobius and one or two species
of Chrysopa, as well as various coccinellids, will be found to be pre-
dacious on the red mite here, as they have been found elsewhere on

related species and have been reported on T. mytilaspidis outside of
the citrus regions. .

SEIUS sp.

The predacious mite Seius sp. has been found occesionslly in a
number of orchards in the Yakima Valley. 1t has been taken feeding
upon both summer and winter eggs of the red mite, but seems to
prefer 7. telarius. This gamasid cﬁs:-xtroys the mite eggs by piercing
them with its mouth parts and sucking out theé fluid contents, Occsa-
sionally it has been observed attacking and devouring red mites in
the earlier larval and nymphal steges, but apparentl%dit never attacks
adults. It has been found as early in the spring as March 6, when it
was feeding upon the winter eggs of both Bryobic praetiosa Koch
and P. pilosus.

The eggs of Seius sp. were not obszerved, but the nymphs and
adults were noted. (Fig. 16.) There is little apparent difference
between the nymphs and adults except in size. The adult has the
characteristic gamasid appesrance and is figured by Ewing (10).

ig. 17.)

(Fli 1906 Parrott (24) described a species of Seius as 8. pomi, which
is probably the species present in the Yakima Valley. In 19182]§ua31e
(25) reported a gamasid as predatory on 7. mytilaspidis in California.
Ewing (10) discussed 8. pomi in 1914 and described the various
stages. He reported it as one of the most efficient natural enemnieés of
T. lelarius in Oregon, and as found also feeding upon the citrus mite
T. mytilaspidis. 1t is probable that it was the European red mite
that he had under observation in Oregon.
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SCOLOTHRIPS SEXMACULATUS Pergande

A thrips, Scolothrips sexmaculatus Pergande (figs. 18 and 19), was
observed in Wenatchee, Wash., in 1916, apparenily feedin&h on the
European red mite. It has been found since then in both the Wenat-
chee and the Yakima Valleys. During the studies of P. pilosus
from 1923 to 1925 this thrips was found many times feeding upon the
eggs of the mite. ‘Throughout its larval and adult stages it consumes
great numbers of mites in all stages. It seems to prefer the eggs for
its food, but sometimes it devours some of the quiescent larvae,
nymphs, and rarely a few of the active forms. One thrips, in its
last nymphal stage, consumed 7 eggs of pilosus in 30 minutes. An- -
other, also in its last nymphal stage, consumed 5 eggs in 17 minutes,
Still another consumed 55 eggs, at least 34 larvae, 7 nymphs, and
possibly s half dozen adults, 1n 3 days.

The thrips attacks its prey, whether an egg or a mite, by puncturing
the prey with its mouth parts. When it has sucked out most of the

. & Y d
FicusE 16.—Adult of Seiersp, % 100 Fravax 17.—Adalt of Seius pami. H80. {Ewing)

fluid contents of a mite it rolls the mite over with its fore legs and
again inserts its mouth parts, sucking out the remainder of the liquid
contents. Sometimes it makes several Esunctures before it completes
feeding upon a mite. When it attacks eggs, however, it usually
sucks them dry through 2 single puncture.

Garman (74) states that on%y one or two thrips to s leaf are neces-
sary to keep the red mite under control. Quayle (25) reported this
thrips as feeding upon Tetranychus mytdaspidis n California. Ewing
(10) reporied it as present in Oregon but stated that it probably
played gmt little part in helping to control the commen red spider,
T. telariug, in that State.

TRIPHLE?S INSIDIOSUS Say

One of the commonest_?redators of the European red mite is tha

anthocorid Triphleps insidiosus Say. (Figs. 20, 21, and 22.) This
bug is often found feeding in its nymphal and adult stages upon all
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stages of the mite. From its earliest nymphal stage until the adult
dies its principal food apparently consists of the eggs, larvae, nymphs,
and adults of the mites. Lt consumes such numbers of these mites
(almost daily throughout its life) that it must be of considerable
importance iu checking their increase. The eggs of this antheocorid
wore not observed. All other stages were noted, and in 2ll of these
stages it was observed to feed upon great numbers of mites and mite
eges. One of the adults killed and devoured 12 mites in the half
hour it was under observation. During this time it also attempted to
capture a few others but
missed eatebing them.

Tt kills its prey by com-
ing upon it suddenly and
thrusting its beak into the
mite. (Fig.21.) Itusually
retains its first hold, suck-
ing out the Nuid conients
of the mite’s body. Some-
times, however, 1t ehanges
its hold and insertsiis benk
into a more suitable part
of the anatomy. It re-
guires from 30 to 60
seconds te suck out the
contents of an adult female
mite but only 10 to 20
seconds to extract the con-
tents of an adult male ot u
nymph. One bug, cap-
tured while in its nymphal
stageSeptember 17, molted
at noon on September 22,
At 11 a.m. the next day
it was given mites to cat.
It immedietely pounced
upon an aduit fermale mite,
sucked out part of the fluid
contents, and then left it
Immediately afterward it
captured another female

and treated it similarly.

3 - . Fraurs 18.—Larvae {a) of Scolethrips sezmaculafuz and empty
The next female captured aggshells () of the Eurapesn red mite. X 15
was sucked entirely dry

hefore it was left. The next day the empty, shriveled skins of 45
mites were found with the bug.

Like the other predators of the red mite st Yakima, Wash., this
inseet does not appear very early in the season. The earliest record
of it there is on June 4, but it does not seem to become common until
late July or carly August. It has been found as late as September 11,
when It was feeding upon the winter eggs of the mite.

MeGregor (19) reported this insect ss a common enemy of T.
bimaculatus {=itelarius) on cotton in the South. There it had an
average daily consumption of 33 individuals per nymph and of 28.88
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individuals per adult. Quayle (25) and Ewing (10) have reported
this predator from California and Oregon, respectively, and Ross and
Robinson (27) have reported it from Canada. Garman (Z4) mentions
it as an effective smemy of P. pilosus in Connecticut,

DESCRIPTION OF TRIPHLEPS INSIDIOSUS

The eggs were not observed,
NYMPH

The nymphe {figs. 20 and 21) range from sbout 1 millimeter to nearly 4 milli-
meters in length, sccording to the nymphal stage they are in. They ere dark
reddish brown, except the wing
pads, which =are hyaline.
Abdominal segments show
through the {ips of the wing
pads, and later through the
fully developed wipgs. The
wing pads are conspicuous on
the thorax in the nymphal
stages. Thebeakis prominent
and about one-half the length
of the body.

ADTLT

The adult (fig. 22} is about

to 3 millimeters long, and
black, except for the hyaline
wings, The wings are sbout
one-third as broad as long.
The adult resembles the last
nymphsl stage except for the
addition of fully formed wings
and = reduction in the size of
the abdomen. -

STETHORUS PICIPES Casey

Perhaps the most im-
portant enemy of the red
mitein the Yakima Valley
is the cocecinellid beetle,
Stethorus picipes Casey.
(Fig. 238.) It has been
found in considerable
numbersin many orchards
in the Pacific Northwest.

FiGone 19.—Adult of Scolofhrips sezmaculatus, X 15 In some orchards it is

much more abundant than
in others, and while it has not been uncommon to find &s many
as three or four to & leaf on many of the leaves on a given tree, in
many other orchards it is almost impossible to find s single individual.
The adults are active flyers in so far as the ability to fly sudderly
for a short distance is concerned. But it is not known how far they
are able to fly and thereby distribute themselves about over an orchard
or from tree to tree.

Little is known about the life history offthis coceinellid. It prob-
ably hibernates during the winter mornths in the rubbish bexeath the
trees in the orchards. Just when it emerges from hibernstion in the
spring is not known, but it is not until midsummer, late July or early
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August, that it becomes noticeable in the orchards. From late
July to October it can be found in all stages in the orchard, but after
early September it is diffieult to find any but adults,

Fravae 20.—Young nymph of Triphieps irulfiiuam. FIaugE 21,—Last-instar pymph of
> 70, (MeGregor Triphleps intidicrus, 2 25

Table 63 shows the length of incubation, the larvsl stage, the pupal
stage, and the life cycle (except the preoviposition period) of S.

FiaugrE 22.—Adult of Triphleps insidiorus. X 20. (Moﬂnmr)

picipes. The incubation period for the e%gs is apparently about 6 to

10 days, the average being 7.29 days. The larval stage is from 12 to
18 days, the average being 14.29 deys. The pupal stage is from 5 to 9
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days, or an average of 7.29 deys. The life cycle is from 24 to 35 days,
averaging 28.86 gays. Allowing a little over & day for the preovi-
position period, the average life eycle would be sbout 80 days. Itis
therefore obvious that since the beetles are present in the orchard
from July to October, inclusive, there is ample time for several broods
during the season.

F1GDRE 23.—Stefhorus piciper, an enemy of the Europesn red mite: A, Ege; B, larvs; £, pups;
D, aduit. K35 {McGregor)

Tapte 63.—Life cycle of Stethorus picipes, Yakima, Wash,, 1628
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The Stethorus feeds during the larval and adult stages upon all
forms of the red mite——e {summer and winter), larvae, nymphs,
and adults. Each coccinellid during its life consumes several hun-
dred mites in the different stages. (Tables 64-67.) In both its
larval and adult stages it seems to prefer the eggs. (Table 64.)
Possibly this is becsuse these are more numerous, much smaller
(requiring a greater number for the same quantity of food), and
stationary and easily obtained. Next to the eggs, they seem to
prefer the larvae and then the nymphs. The quiescent nymphs are,
of course, as easily obtained as the eggs. Table 64 shows the number
of each form consumed by both larvae and adults.

PanLE Gd-—Number of European red mites consumed by Stethorus picipes in
larval and adull siages, Yakima, Wash., 1983 ’

Nom- Fumber conszmed
ber of
hours | Stage of predator

ob. Adult
served . Nymphs | jomales,

15
20
z
3
1

W
1%

1/I'hig adalt beetle bad been starved for 234 days.

Tn Table 65 is shown the rate of consumption of ali forms by larvae
glone. Two larvae, which were observed throughout their larval
stage, consumed 291 and 372 mites and eggs, respectively. Other
larvae were observed only during certein instars, asindicated. It will
be observed that the quiescent period of the molting larvae slowed
down, but did not entirely prevent consumption of the mites. During
the sctual molting process, of course, no mites were eaten, but during
the whole 24 hours inecluding the molting process a few mites were
always eaten. The exact number of hours passed in the quiescent
stage was not observed. The larvae start feeding within & few min-
utes after they have cast their skins, but they do not appear to have a
maximum appetite until several hours after or on the following day.

TasLE 85 —Rale of eonsumption of Eum%an red mites by larpae of Stethorua
picipes, Yakima, Wash,, 1924

Number of eggs snd mites consumed

Eighthdny
Niunth day
Twelfth
doy
‘Thirteonth
day
Fourteenth
Fifteenth
day

...
“s
4

8
10

ouE Third day
=oe | Filth doy

B&S
HEsER

—_
™

4
30| 32
12| 22
104 17

43

17
10
20 %
a
-]

| The first 2 individuals were observed from hatchlng ta pupetion. The third Individusl was ohserved
1l.lm'il:u; ths first and fourth [natars enly, and the other lndlviduals were ebserved only during their fourth
nster.
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In Table 66 is shown the number of adult mites consumed by given
adult beetles during varying lengtha of time. One adult ate 137
adult mites during its life. K¥ive other adult beetles corsumed & total
of 370 adult mites in four days. One other adult beetls consumed 145
sdult mites in 10 days. It1is very probable that under natural condi-
tions more mites than here indicated would be consumed. In both
cases where single heetles were confined with adult mites the supply
of mites was nearly slways exhsusted. In the other case, where the
five beetles were fed together, & number of leaves were supplied with
the adult mites. These leaves seemed to retard the beetles in their
gearch for food. Both the beetles and the larvae seem to have diffi=
culty in finding mites or eggs when these ars scarce. When the
number is reduced to a helf dozen or so to & leaf they may not be able
to find them.

TasLe 66.—Consumption of aduli European red mites by adult Stethorus picipes,
Yakima, Wash., 1925

Daya | "Mltas | Aversge
Endividual No.  { oheorted boonsumad] per diy

Number Number
31 4,42
4 18. 50
10 14, 53

Table 67 shows the number of mites and mite eggs consumed by
larvae of 8. picipes per instar. Two individuals were observed
throughout their larval life, one in its firs$ and fourth instars, and
seven others in their fourth instar-only. The number of mites and
mite eggs consumed increased with each instar, and in the fourth
instar more mites and eggs were consumed than during all the preced-
ing instars combined. N :

TasLe 67.—Number of European red miles and mile eggs consumed per inalar by
larvae of Stethorus picipes, ¥Yakima, Wash., 1923 :

Number of mites and eggs consumed by individual No.—

3 4 5 6 7 B 9

The effect of temperature and sunlight upon the activities of thase
beetles is shown in Table 68. While this test was rather mesager, it
indicates that the beetles are inactive at lower temperatures and in
the shade, and more active in higher temperatures and in the sunlight.
Supplementing this information, it was observed in the orchards that
when the weather was warm the beetles were more active than during
cool weather. They were also more active on the sunny side of trees
than upen the shady side.
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TapLe 68.—Effect of temperature u];}on hthe act;'m'ties of Stethorus picipes, Yakima,
ash., 192

Tirtx:;?‘fr;l;y Weather conditions Activitles of heatle

. ---| Beetle quist.t .
Cnol, sunshins. . -.--| Beetle very active.
Cool, shada._. .| Baetle sluggish,
Cool, cloudy ----{ Bootle quiet.
77 ; Bright, sunny. Baeetle very active.

1This beetle was resting quiet)y underneath the webhing ob s leaf in the insectary. It wag taken ontside
into the bright sunlight, which, oz account of the clouds, caine and went 6very fow minutes. Assoonasit
was token Into the sunlight it Lecams setlve, burried uBout, and captured and devourad a mite, Whea
1t was token back |uto the shade It bacame guist at ones.

1 44% F, during the preceding night.

¢ 37° P, darlog the preceding night.

A peculiar feeding habit of larvae of 8. picipes is the manner in
which, when it has drained out most of the fluid contents of the mite’s
body, it commences a series of regurgitations, spewing the contents
back and forth from its own body into that of its host. The skin of
the mite, which upon being drained becomes shriveled and colorless,
takes baek its color and plumpness as the fluids pass into its body
again, streaming into the remotest parts of its legs, feet, and abdomen.
This regurgitation takes place over and over again in the same host.
In one of the first instances observed the regurgitation was repeated
27 times. Often the pumping is repeated 15 or 20 times. This is
especially true with adult femele mites. In the case of young mites
or malos the regurgitation is repeated only & few times. This peculiar
habit was observed in the larvae only; the adult beetle apparently
feeds in tho normal manner. The purpose of this pumping back and
forth seems to be to rinse out thoroughly aill availabla food from the
host’s body. When the predator is very hungry, as when it hes had
nothing to eat for seme time, it does not take time to rinse out the
host’s body, but drops it when only a part of the contents has been
consumed and hastens to another mite. ,

Tho adult beetle not only suelss but also devours the eggs and mites.
1t ususlly first sucks the eggs or mifes nearly dry and finishes by eat-
ing the shell or skin as the case may be.

One reason the adult female mite is not attacked more frequontly
is because the stiff bristles on her back make an attack less easily ac-
complished. Often the predator has been seen attempting to grasp
the femele only to find itself thrust beck by the hedge of stiff bristles
on the female’s dorsum. One reason the male mites are not attacked
more frequantly is because of their extreme agility. They are almost
too active to be captured by the predators.

One adult of S. picipes, confined on a piece of apple with winter
eges only for food, consumed 465 eggs in 10 days from September 21
to 80, inclusive. This doubtless accounts for many of the empty
eggshells on the fruit and twigs where presumebly enly winter eggs
are deposited.

DESCRIPTION OF STETHORUS PICIPES

EGJ

The egg (fg. 23, A) is small, cream yellow or white, oval in shape,
and about 0.30 millimeter long.
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LARVA

The larva (figs. 23, B; 24, a, b; 25, @) is dark ash gray in color,
about 1.5 to 2 millimeters in length. Each segment of the thorax has
a pair of irregular black spots on the dorssl surface. The head,
thorax, and abdomen are covered with long hairs. Each of the nine
segments of the abdomen, except the last, has six whorls of bristles,

FUPA

The pupa (figs. 23, C; 24, ¢; 25, b), when first molted, is reddish,
then brown, and finally black. It is flattened and covered with fine
hairs which, except those posteriorly, are knobbad st their tips.
"The hairs are longer at the anterior and posterior ends of the Pupa.
The pupa is attached to the leaf by its posterior extremity.

ADULT

The adult (figs. 23, D; 24, ¢, f; 25, ¢) is of the typical scymnid
shape and a little over a
millimeter in length, clothed
with fine hairs. Several hours
after emergence its color be-
comes black.

This coccinellid has been
reported by Essig (5, p. 7, 8,
10) as one of the predacious
enemies of the clover or al-
mond mite, Bryobia pratensis
Garm. (=praetiosa Koch),
the six-spotted mite { Tetrany-
chus telarius 1.,), and the cit-
rus mite {Tetranychus mytil-
aspidis Riley) in California.
Quayle (258. 511) states that
8. picipes Casey 1s the most
importent enemy of the red
spider in the same State.
These are, as far as known,.

mee———————=x the only published reports of
Figuse 24—Stages of Stefhorus pliper: o, Thirdstage this species.

otk & tecently waarped st P Pupl T Tn " g ddition to the forego-
ing known predators on the
Europesn red mite, it is very probable that other insect enemies
are present in the Yakima Valley in few or considerable numbers.
Wherever aphids are present in injurious numbers several species
of lady beetles and syrphus flies are usually found feeding upon
them. It is probable that where aphids and red mites are found

together these coccinellids and syrphids feed upon both.

As previously pointed out, Ross and Robinson (27) reported one of
these cocevinelhds, Adalia bipunctate L., as apparently feeding upon
the mite in Canada. This species has recently been reported for the
first time as feeding upon young tree hoppers, Stictocephala inermis
Fab., in the Yakima Valley, and it is likely that it is also predacious
on the European red mite,
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FIGURE 25— Slethorue picipes on apple leaf: o, Larvse; b, pupas; ¢, adalt. X 2
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SUMMARY

The Buropean red mite (Paratetranychus pilosus Can. and Fanz.)
is the name used in this bulletin for the mite of the gemus Pare-
tetranychus infesting deciduous fruit trees in this country. It was
first noted in North America in 1911, and it is now found throughout
the eastern part, north of latitude 37° N, and west to Indians. It
1s also very common in the Pacific Northwest, and oceurs as far east
as Utah and south to central California.

This species has become an important fruit-tree pest, attacking
most of the deciduous trees. The injury consists of a removal of 88D
and chiorophyll from the leaves, followed sometimes by defolintion.
This results in & reduction in the vitality of the tree, with a consequent:
reduction in the size of the crop and a weskening of the fruit buds.

The mites deposit red spherical winter eggs on the twigs and
branches of the trees. The larvae hatching from these eggs in the
spring migrate to the foliage to feed, and pass through the proto-
nymphal snd deutonymphal stages before hecoming adults. The
adults deposit summer eggs on the leaves. In the Pacific Northwest
six complete generations occur in & season, and partial seventh and
eighth generations. The life cycle of a single generation is completed
in sbout 21 days. Parthenogenesis occurs, the unfertilized eggs
producing males.

No true parasites of the mites have been observed, but predacious
enemies play an important part in their control. Chief among these
in the Pacific Northwest is & coccinellid, Stethorus picipes Casey; a
thrips, Scolothrips sexmaculatus Pergande; an anthocorid, Triphleps
nsidiosus Say; and a gamasid mite, Seius sp. These enemies often
accomplish almost complete control of the mites by late summer.
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