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JIt Qliitunwn LI?b tibrr. ur tthrr iThtg.
By H. E. EWING, Department of Entomology.

INTRODUCTION
Although the term red spider has been applied to this pest for a very

long period of time, yet it should be remembered that the pest is not a spider,
and is not red, except under certain conditions in the adult state. It is, in
fact, a mite, belonging to the family 'I'etranyehidae, the members of which,
unfortunately, also have been called red spiders. Among entomologists, and
more especially among arachnologists, the members of the family Te/ranychidoe
are known as spinning mitesa name much more appropriate. There is little
wonder, however, that these mites should be taken for spiders, or, if known
to be acarids, should be likened to spiders.

They are very active little creatures, and their four pairs of legs, their
bright eyes, and their habit of running about here and there on their webs,
all cause a striking simulation of the araneids, to which, indeed, they are
closely related. The use of the common name, red spider, is, nevertheless,
very objectionable; for where is the consistency in calling creatures red
spiders, when they are not spiders and are seldom red? Since mites are rather
unfamiliar to most of us, and since spiders are known to all of us, the proper
linking of the former to the latter in a common name should have a special
significance.

For these reasons I have thought it best to modify the old name, lest it
become more permanently lodged in our literature, and to do this by intro-
ducing a new one. I suggest, therefore, the name, Spider Mites, to ta.ke the place
of the old popular misnomer, red spiders. The name is appropriate and sig-
nificant, and at the same time is similar enough to the old to be at once asso-
ciated with it. In this name the term red is dropped, and should be, both
from the name of our common spider mite and for the group to which it belongs,
which may be called the spider mites. The term spider, though objectionable
when used as a noun, when used as an adjective should be retained. In this
bulletin I shall frequently use the familiar common name of these mites, so
that the reader may more easily grasp the new one by relating it frequently
to the old.

The scientific name of the spider mite considered in this bulletin is Tetrany-
c/ms tetanus Linn. In both the old world and the new it has many synonyms,
several of which will be mentioned or demonstrated later in this bulletin.

Due to the rapid extension and development of agriculture in the Western
States, the common red spider, or spider mite, has assumed an unusual eco-
nomic importance. At the present time it is doubtful if there is any agricultural
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section in this country or in the old world that suffers more from the attacks
of our common spider mite, Teiranychus lelarius Linn., than the Pacific Slope
region.

The results submitted in this bulletin represent a part of those obtained
while working on an Adams project entitled "Red Spiders." This project was
started about two years ago at the Oregon Station. It is the intention
of the writer to submit later the results obtained for our other economic species
of spider mites.

HISTORICAL.
The common spider mite has a long history, having been known to science

since the days of Linnaeus, who first described the species in 1761. Since this
original description, it has been mentioned frequently in scientific literature.
The species appears to have assumed an important economic aspect long ago
in Europe, and early in the history of agriculture in America.

Since we have so many references to this species in scientific literature late
in the eighteenth and early in the nineteenth centuries, it is very probable that
it was quite common when first described by Linnaeus. By the middle of the
last century this pest had pretty well overrun Europe. Boisduval ('67) gives
us an extended account of its depredations to horticulture and floriculture in
France, and shows that at this time it was very common on wild plants as well.
This writer considered that the various stages and color variants of the com-
mon spider mite represented distinct species. He described the injury caused
by tbe common spider mite as a paling and blotching of the leaves, and states
that it checked the vitality of the plants and caused them to appear diseased.

In Europe this mite was undoubtedly a serious pest on hops for many years
before its habits were well known. The characteristic mite injury was long
termed "Fire-blast," a trouble, supposed to be caused by heat and drought
(conditions which greatly favor the multiplication and vigor of the mites).
It was during the unusually hot and dry summer of 1868 that, according to
Whitehead, this mite did immense damage in English and German hop-planta-
tions. The leaves of the hops turned brown in color, then shriveled, and finally
fell. Thousands of acres of hop fields produced no hops.

That this mite continued its extended ravages, is indicated by Murray's
account of it in 1877. In his "Economic Entomology," he devotes seventeen
pages to it and its congeners. It is reported as being found in greenhouses, on
garden flowers, and many other plants.

In 1880, according to Ormerod, the spider mite did great injury to limes in
England, Since this time it has continued to be a serious pest of certain fruit
trees and certain garden plants in England. During the serious attacks of
this mite on various kinds of vegetation in Europe, many more or less practical
remedies were found. Even as early as the 70's, some of our present-day
methods were used on a small scale. Sulfur in some form or other appears to
have always been employed in its control.

When and where the spider mite was first introduced into tbis country we
do not know. It probably was introduced at an early date on imported plants.
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In 1855 Clover reports much injury being done to cotton by a red spider, which
very probably was no other than the cotton mite of today, and which we
should regard as Tetronychus elarius Linn. In 1860 Shimer makes reference
to a red spider, but probably to a different species. Saunders ('80) refers to
this species, but gives us no extended account.

In this country our first extended account of serious injury came from the
oldest sections of the country, the New England and North Atlantic States.
Here it became a serious pest to greenhouse plants, horticulture, and garden
flowers. It was not considered by many, however, as an introduced pest, but
as a native species. This was chiefly on account of its color variations and its
diversity of hosts.

Next, from the North Central States we get reports of its general distri-
bution and extensive ravages. Again, it is greenhouse plants and garden
flowers that suffer most; but there is reported also serious damage to shade
trees. Although the spider mite was reported as doing injury to cotton in
1855, it probably did not become generally distributed in cotton fields until
much later. Due to its minute size and its position on the underside of the
leaves, however, it may have escaped notice in many places for years. In
1897 Morgan gave us our first extensive account of this pest on the cotton plant,
and states that it was at that time generally distributed over the State of
Louisiana.

The opening up of the Far West caused this pest to assume an importance
never before attained in this country. The hot dry climate of the Southwestern
States is especially favorable to its multiplication and spread, while the mild
regions of the Pacific Slope, without the dashing and torrential rains of the
Eastern States, especially favor its development and general welfare.

In 1883 Cooke mentions Tetronychus telarius Linn. as a pest of the almond
tree in California. Undoubtedly he confused this species with Bryobia pra-
tensis Garman, the most common spider mite of the almond, yet his reference
to the egg as being at first colorless, as well as his drawing of the adult, indi
cafes that he also observed our common spider mite. As has been the history
of this species in other sections, it was first found, in California and on the
Pacific Slope, on greenhouse plants and garden flowers. In California it has
more recently become a serious pest of ornamentals.

The development of the hop industry in this country, taking with it this
old hop pest of Europe, has caused this species to assume great importance
wherever hops are grow'n extensively. On the Pacific Slope, therefore, the
spider mite is known as a worse pest to hops than to any other plant; and on
hops it is second in importance as a pest only to the dreaded hop aphis.

There are some regions in this country where this pest is not yet generally
distributed and others where it has never been introduced. Among the former
we may mention the Dakotas, Montana, Wyoming, western Kansas, and
Nebraska, as well as many sections in the inter-mountainous regions. Not
only is it not generally distributed in these areas, but either the reports of it
occurring in them have been under very artificial conditions or they have
been wanting. As yet, it has not penetrated our great forest reserves in Oregon,
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and the same is probably true of most of the forest reserves in the other
States. It is not found in the Coast Range Mountains.

The history of the extension and dispersion of this mite in the United States
has shown us some very important facts:

In most instances the plants most seriously injured in this country are
the same as those most seriously injured in Europe.

As yet, this pest has not become generally established on wild or native
plants in this country. Harvey mentions thirty-seven host plants attacked
by this mite in the northeastern part of the country, yet almost all are culti-
vated ones. On the Pacific Slope I have recorded over two dozen host plants
of this mite, all cultivated ones.

In a great many instances this pest has been introduced into new sections
by florists in greenhouses. From these greenhouses they escape to out-of-door
plants, and are also widely scattered by the selling of infested cut flowers and
potted plants.

In only a few instances (by far the most important one being in the case
of cotton) has this mite become a serious pest to field crops.

SYNONYMY.

Due to the great individual variations in the color markings, and to the
minuteness of those chitinous structures which alone have real systematic
value, this species, as well as other members of its group, ha.s given taxonomists
an endless amount of trouble and consequently caused great confusion of species.
Some of this confusion has been unavoidable for the reasons just given, but
perhaps most of it has been inexcusable, and is the result of careless, or hasty
work.

It was demonstrated half a century ago that there is a great variation in
the color markings, and that they could not be used for systematic purposes.
The individuals of a single leaf colony of this mite showed almost all the com-
mon color variations. Murray, as early as 1877, also noted that the presence
of food in the body, as well as the age of the mite, had a great effect upon the
coloring of individuals, although he did not demonstrate by means of accurate
experimentation just how and just what changes were thus caused. These
results showed, however, that color variations could not be relied upon in
systematic work on this and other nearly-related species. Yet we find that
many new species have been created in this genus, even up to the present day,
which have been based partly or entirely upon color variations.

A Few Notes on European Synonymy.
It is not the intention of the present writer to give a complete synonymy

of this species in the European literature, yet a few notes will be given. For
many years after the original description was written by Linnaeus, it was
passed along without question, and no new species were described in the genus.

Boisduvat ('67) in his "Essai sur L'entomologic Horticole" describes as
new several species of red spiders. He gives much information in regard to
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their habits and the nature and extent of their injuries, but his descriptions
are not based on reliable, systematic characters. For the most part he relies
upon color variations as distinguishing characters. His cucumeris, rosarum,
cinnaborinus, haemalodes, and vilis probably are all the common Teiranychus
lelarius of Linnaeus. In his descriptions of these, there is nothing given,
which, in the light of our present knowledge of individual variations, would
enable us to distinguish his forms from our common spider mite.

iViurray ('77) gives us a good and an extended account of several spider
mites. He calls attention to the fact that most of Boisduval's species were
based upon color variations, or habits, and that several of them should be
considered as no other than T. telarius. In regard to Boisduval's cinnabarinus,
Murray states, "We can see nothing in the following account of this species,
which is from the pen of M. Boisduval, to distinguish it from the red spider,
Tetrcinyehus telarius." He then quotes in English Boisduval's account of his
cinnabarinus. l\'Iurray states that Boisduval's haematodes must be considered
as a form of T. telarius, for it, like cinnabarinus, is based on color variations.
Boisduval mentions a form attacking the laurustinus which grows naturally
in Southern France. Murray in treating of this form states, "M. Boisduval
calls it Acarus tini, but wb see nothing in his description to distinguish it from
telarius.''

Tozzetti ('77) showed that the claw of T. socius was simple, while that of
T. telarius was cleft beyond the middle. He states that it is cleft into four
elements; most other systematists coming after Tozzetti make the same state-
ment, but I find that in reality the claw of T. telarius is six-cleft, as will soon
be explained.

American Synonyms of the Common Spider Mite.

Riley ('90) described as new a mite found doing much damage to oranges
in Florida. He gave it the name Tetranychus 6-moculalus, and states his reasons
for doing so, "on account of quite constant markings of its back"; yet in his
description of this species he says that the color markings are very variable
and may be entirely absent -a phenomenon not unknown to many who have
worked with these mites.

I have examined many specimens of the so-called six-spotted mite of the
orange, both alive and mounted in different ways, on microscope slides.
Repeated examination of females with magnifications of 2,000 diameters or
more have failed to disclose any structural difference between them, and the
females of T. telarius. It is well known also that T. telarius lives normally on
citrus plants, and it has been recorded as one of the mite enemies of the orange
for several years.

I have examined but a single male of this form described by Riley as T.
6-macnlatus. It was not mounted with the special methods which I employed
when studying these minute arachnids, so I cannot give an accurate account
of its characters, which have a special systematic value, but will state that
as far as I could make out, they agreed with those of 7'. telarius.
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Harvey ('93) described as new our most common species of spider mite.
Just why he should do so, I cannot understand. He states on page 137 of his
paper, "If called upon to decide from the structure alone we would be com-
pelled to call it a form of the polymorphous species Teiranychus telarius L., or
red spider.'' He states further, "No importance can be attached to color in
this species nor in the red spider, for in both it is variable with the food plant
and also with age, each molt disclosing a different shade. All we have left
upon which to construct this species is the marked physiological differences,
noted by Henderson, Bailey, and Munson."

Of course, if we are to recognize physiological differences, and if these
really do exist, to some systematists, but certainly not to many, there would
be grounds for considering this form as a distinct species. Unless structural
differences are found to exist between two forms in the Arachnida there is
certainly little excuse for recognizing them as distinct species. Harvey does
not appear to have recognized the differences between the two sexes of his
species. In his description of the perfect mites, all are treated alike withotit
regard to sexual differences which are known to be quite marked. That some
attempt was made to recognize the sexes is indicated in the drawing which
was made by Harvey himself. Here a large individual (evidently a female)
is drawn as the male; while a smaller individual is drawn as probably being
the female.

Harvey does, however, show for the first time (in his Fig. 3) the charac-
ters of the claw essentially as I have found them; i. e., the claw is strongly
bent near its base, and is six-cleft beyond its middle. That this drawing is
not unintentional is further shoum by his description of the same which is as
follows: "terminal segment ending in two claws; each fork ending in a brush
of about three stiff, pointed, spreading hairs." This refers undoubtedly to
the tarsal claws and not to the tenent hairs, for, continuing our quotation:
"At the back on the end of the preceding segment arise four stiff bowed hairs

over 0.02 mm. long, ending in hemispherical swellings
which are broadest at the end and fiat or slightly
rounded." This latter reference is clearly to the tenent
hairs. In stating that the terminal segment of the legs
ends in two claws, Harvey appears to be a little inac-
curate; for I find by the use of much higher magnifica-
tions than Harvey employed, it is in reality a single
claw which is six-cleft.

In order to clear tip the question as to the structure
of the tarsal appendages, I give the following technical
description of them as found in our common red spider, or
spider mite, together with a drawing of thesame (Fig. 1).
I will speak of the four straight tarsal hairs, with their
semidise-like ends, as tenent hairs, although their func-
tion is not fully known. The tenent hairs, taken
together with the bases from which they spring, I will

Fig. 1.Tip of tarsuB
of right anterior leg of
female, as seen from be-
low, x800.
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call the onychium, a term sometimes applied to a somewhat similar structure
found in spiders.

Tarsus bearing at its tip a tarsal claw and the onychium, both of which spring from the end of a
ring-like fold which surrounds the tip of the tarsus. Tarsal claw strongly curved at its base and
furrowed dorsally. Slightly beyond this point it is flattened, and then divided into six prong-like
elements. Prongs oi tarsal claw suhcual, slightly curved, and very sharp. They are arranged in
three pairs. Inner pair close together, curving downward; middle pair directed somewhat down-
ward, but are divergent; dorsal pair alightly recurved when observed from below. Onychium
divided into two parts, situated just above the tarsal claw, Each part hears two long, almost straight
tenent hairs. Each nf the tenent hairs is broadened at its tip into a semidisc-like structure. They
are not of the same length. The innermost is the shortest, the Outer is next in length; tlsen comes
the second from the inside, while the longest is the second hair from the outside. On each side near
its tip the tarsus bears a curved bristle which extends as far as the tips of the tenent hairs. At a
distance from the tip of the tarsus about lwicc as great u.s that of this pair of bristles, is situated
two pairs of similar ones, one pair being dorsal, the otiser ventral in position.

When Morgan in 1897 gave us our first extended account of the cotton red
spider, he determined it correctly; i. e., as no other than our common form,
Teiranychus telarius Linn. Yet it is strange that without good reason subse-
quent workers on the cotton mite have treated this form as a distinct species.
Of course Morgan was not a specialist in systematic arachnology, and for this
reason his determination was not given the consideration that it deserved.
That Morgan made careful comparisons between the spider mite on cotton
and the common red spider, is clearly shown by the following extract from his
article: "As nearly everyone is familiar with the 'red spider,' so common on
plants in any part of the State, an excellent popular description of the cotton
mite can be obtained by comparing it with the red spider. They so closely
resemble, that even in technical identifications they have been pronounced
the same species (Tetranychus telariss.c.)"

Perkins ('97) appears simply to have assumed that the red spider commonly
found in greenhouses and on plants growing out of doors in this country was no
other than the European telarius. In his report on this mite I can find no
mention of actual comparisons being made between it and the descriptions of
the European telarius, or between it and Harvey's bimaculatus; yet since
Perkins has given us such an accurate account of this form I am inclined to
think that he must have made these comparisons.

Banks ('00) published a summary of the species of ted spiders found in the
'United States. In this excellent review of our species, T. telarius Lion., T.
sexinaculatus Riley, and T. bimaculatus Harvey are given as distinct species,
w'hile five new species are described in the genus Tetranychus. Among these
new descriptions is found the description of the cotton spider mite, which is
called T. gloveri.

Banks' chief reason for separating birnaculatus from lelarius, sexmaeulatus,
and yloveri was on account of a supposed difference in the palpal characters.
In his key to species he states that bimaculatu.s has but one finger on the tip of
the palpal thttmb, while the other species just mentioned have three. After
examining the palpi of scores of individuals, including many from each of the
following supposedly distinct species: T. telarius Linn., T. sexmaculatus Riley,
T. bimaculotus Harvey, and T. gloceri Banks, I find that all of them show three
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fingers at the tip of the palpal thumb; two of these, however, are but little
more than stout spines. The results obtained by comparing the palpal and
other characters of these species have already been published in some detail
(Ewing, '13). I have gone to great trouble in mounting scores of individuals
of these four supposedly distinct species. After clearing these specimens with

a chioral hydrate solution, and

/ / examining them with magnifica-
/ tions of over 2,000 diameters, I

fail to find any structural differ-
ences between the palpal characters
of the four forms. I do find, how-
ever, more detail to the palpal
characters than Banks has shown
in the ease of any of these.

The palpal characters as found
in T. lelarius Linn., may be here
described. A drawing of the tip of
the palpus has been made showing
all of the structures (see Fig. 2).
I will speak of the two small digits
as digituli, and of the basilar finger

as the sense hair. The latter is quite different in structure from the distal
digit, and appears to be very similar to the sense hair found on the tarsi of
some of the Tyroglyphidae, or cheese mites.

Penultimate segment of palpus about twice as broad as long, much longer on its dorsal than on
its ventral aspect. This segment hears three bristles; one on its inner side, one dorsally, and one
laterally. Inner bristle situated at the base of palpal claw, and about half as long as the same; dorsal
bristle situated at the base of palpal claw, equal in length to the widtls of the penultimate segment;
outer bristle situated near the base of the segment, slightly surpassing the dorsal bristle in length.
Thumb of palpus, not including the finger, as long as broad. Finger about twice as broad as long, at
ita base one-half as broad as the thumb is at its distal end; it is simple Above the digit at the tip
of tlse thumb are found two digituli; the outer is slightly the longer, the inner is eQual to the digit
in length. The two digituli diverge from each other, Sense hair situated about one-half the dis-
tance from the base to the tip of the thumb, on the dorso-laleral aspect; itis pectins.te. Besides these
specialized structures the thumb bears three simple bristles; one dorsally at its base, almost as long
as the thiunb itself, one just behind the sense hair slightly longer than the same, and one on the
ventral aspect, about one-third the distance from the tip of the thumb to its base, being about as
long as the thumb plus its digit.

Banks also figures and describes the tarsal claws of T. bimaculatua as being
four-cleft, although they were drawn and figured correctly by Harvey as
being six-cleft; color markings also are tised for separating sexmaculalus from
the other species, notwithstanding the fact that several workers have shown
that color markings are so variable that they are unreliable for systematic
purposes.

Chittenden ('01), while not making a taxonomic study of the red spider,
follows Harvey's determination of our common form. He also states that it
may probably be the same as some one of Boisduval's species.

Worsham ('10) in his btilletin on the cotton red spider, or spider mite,
treats this species as distinct from our T. telarins, calling it Banks' T. gloveri.

Fig. 2Distal end of left pslpus of female from in-
side. Drawing of a 2,400 magniScation reduced to one-
half size. This drawing was made only after the
examination of 43 palpi belonging to 26 individusla.
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Wilson ('11), while attempting to locate the winter stages of the cotton
mite, then supposed to be T. gloveri Banks, came across our common spider
mite. He sent specimens of these to Banks, who determined them as T. bimacu-
lalus Harvey. After continuing his work on the cotton mite for some time, he
was unable to find any specimens which Banks could determine other than as
T. bimaculatus Harvey. Following these observations Banks has concluded
that his T. gloveri must be considered as only a synonym of Harvey's T. bimacu-
talus.

Quayle ('12) considers T. birnaculalus Harvey and T. sexmaculatus Riley as
distinct species, but in regard to the taxonomy of the two he states: "Scxmacu-
talus has three fingers at the tip of the thumb, while bimaculatus has but one at
the tip and one toward the base. But this character seems to be variable, and
it is sometimes difficult to distinguish the species on this alone." As already
stated, I have failed to find any difference in the fingers on the palpal thumb
of these two species.

Quayle states that in the sexmaculatus that occurs on citrus trees no red
forms are present. If this is true, it demonstrates an important difference
between sexmaculalus and bimaculalus, for the latter when found in the adult
instar on citrus plants frequently is orange in color. (The so-called "red" of
the common red spider is in reality a deep orange.) Granting that this color
difference exists, however, it is doubtful if it should be considered of specific
value; for I shall show later that the green, yellow, and orange colors depend
largely on physiological conditions.

McGregor ('13), in his circular on the cotton spider mite, follows Banks in
his determination of the species as T. bimceculalus Harvey. He states, however,
that upon two occasions speciroeos of red spiders on cotton were sent from
South Carolina to Professor Berlese of Italy, who determined theni as T.
tetanus Linn. It is interesting to note that this determination by Berlese is
the same as that made by Morgan, who gave us our first extensive account of
the spider mite on eotton.

Parker ('13) treats our Pacific Coast form as T. bimaculalus Harvey, t.he
name which appears to have been almost universally applied to the common
spider mite in this section. He makes no comment on the taxonomy of the
species.

The writer (Ewing, '13) showed that the characters of the male genital

-. shoft

lobe

Fig. 3.Penis. View from right side showing different parts labeled. (From a paper by the writer).
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armature had a special significance as systematic characters. By means of
a study of the characters of the penis in the male, I was enabled to separate
our native species in the Pacific Northwest from the other forms; I found also
that some of the specimens sent by Weldon from Colorado were not the 7'.
bimaculatus of Harvey, but belonged to a new species which I named weldoni.

Since the sexual characters are of such importance for systematic purposes,
I will give here the description of the penis of the male and the genital area
of the female, together with drawings of these, Figs. 3 and 4. The following is
the description of the penis which I gave in the article just mentioned:

"Penis short, stout. Inner lobe long, rod-like; longer than the shaft, and somewhat bent. Shaft
thick, stout, short, much stouter at its base than at its distal end, where it bears the prominent hook.
Basilar lobe present, on the upper side of the shaft; it is small, protrudes slightly, and is hook-like
in shape. Hook short, stout, extending dorsally; three or four times as broad at its base as it is at
its apex; it forms an angle of over 50 degrees with the axis of the shaft. Barb present at the end of
the hook, flattened and reaurved.

The characters of the genita] area of the female are here given:
Genital area about as long as broad, somewhat triangular in shape. Genital plate strongly curved,

extending across about one-third the width of the genital ares at its base. It bears a pair of large
curved bristles, each situated at about one-half the distance from the center of the genital plate to
its lateral point. These bristles extend slightly beyond the anterior margin of the anus. Genital
opening surrounded by a slightly elevated region of the integument. The integumentary folds
radiate from the genital opening. Anus present as a median slit-like opening which extends to tip
of anal papilla. Anal papilla projecting from the tip of the abdomen so as to be seen from above. It
bears two pairs of very small short spines. At the lateral margins of the genital area are situated two
pairs of subequal, curved bristles. They are about three-fifths as long as the bristles situated on the
genital plate.

So much for the American literature dealing with the taxonomy of the
common spider mite. Besides the work already mentioned by the writer cn
connection with the review of the Arnet-ican literature, I would like to add
some further notes on the synonymy of the mite pest under consideration.

Fig. 4.Genital arsaof female. Drawing of magnification of 360 diameters. Twent'-uix females
all taken from single potted Salvia plant, exa,mined.
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While working with our common spider mite at Ames, Iowa, I sent speci-
mens to Professor Berlese for comparison with the European lelariu.s. These
were the common forms found in greenhouses and gardens, and were undoubt-
edly the same as those with which Harvey worked. I labeled them T. bimacu-
latus Harvey. Berlese wrote that he could see no specific differences between
our T. bimaculatus Harvey and the European T. tetanus Linxi., and that they
should be considered the same.

I have also sent specimens of our T. bimaculatus Harvey to Dr. A. C. Oude-
mans of Netherlands for comparison with the European species. He wrote
that our T. bimaculatus was synonymous with the T. tetanus of Linnaeus.
Oudemans has also published a note on the results of this comparison. (See
Oudemans, '11.)

Dr. Oudemans was kind enough to send me named specimens of the Euro-
pean 7'. tetanus Linn., collected from the English elm (Utmus eampestri.s L.) at
Amsterdam. These I have compared with our 7'. bimaculalus Harvey, and
find that they are the same. For a detailed account of the comparisons made
between these European specimens and our American forms see Ewing, '13.

Summary on Synonymy.

Three taxonomic specialists of the Acarnia have compared specimens of
our common species of red spider, or spider mite, with named European speci-
mens of Tetnanychu.s tetanus Linn. All pronounce the two forms as being spe-
cifically identical.

Telranychus bimaculatus Harvey, according to Harvey's ovm statement,
was not established because of any demonstrated structural differences between
his forms and Tetranychus lelanius Linn., but on account of supposed
differences in habits. Differences in habits alone are not sufficient grounds for
specific distinction, and later studies have not substantiated Harvey's
claims as to differences in habits.

The structural differences claimed by Banks to exist between 7'. bimacu-
talus Harvey, T. tetanus Linri., T. sexmaculatu.s Riley, and 7'. ,loreri Banks,
I have failed to verify.

Banks' T. gloveri, although supposed by its author to differ structurally
from T. bimacutatus Harvey, has, through a more thorough examination of
specimens by Banks himself, been found to be only a synonym of the latter
species.

The employment of the characters of the male genital armature has
enabled us to demonstrate that two separate species exist in our Western
States that have been considered in the past as being synonymous with the
common spider mite. These have been described as 7'. flavus Ewing and 7'.
weldoni Ewing.

Telnanychus tetanus Linn., T. bimaculalus Harvey, and T. gloveri Banks
should be regarded as synonymous.

Telranychus sexmaeulatus Riley should be considered as only a variety of
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T. lelarius Linn., as it probably differs from the latter, not structurally, but
only in size, and to some extent in color and habits.

LIFE HISTORY AND DESCRIPTION OF DIFFERENT
INSTARS.

Observations on the life history of the spider mite were made many years
ago, but our accurate knowledge of the number of transformations, etc., is
rather recent. Since the writer first undertook this work about two years
ago, two authors have published results showing the lengths of the different
stages, number of molts, etc.

Perkins ('97) studied the life history of this species in a general way by
isolating particular leaves with groups of eggs or mites upon them, and noting
the changes which took place in these leaf colonies. He worked out success-
fully the number of eggs laid by each female, the rate of deposition, and in a
general way the incubation period. He also noted the correct number of molts
and the different instars, but did not determine the average length of each
stadium.

Morgan ('97) made some experiments upon the life history of the spicier
mite. He determined the length of the adult stage in the case of the female.
He gives the length of time for the life cycle from eight to twelve days, this
being shorter than that obtained by some of the other workers, but no doubt
accurate for summer conditions in Louisiana.

Worsham ('10) found by laboratory experiments the number of eggs laid by
a single female and the rate of deposition. He also found the incubation period
for the eggs. He did not determine the lengths of the various stages.

McGregor ('12) gave us a good summary of the life history and seasonal
history of the spider mite. He determined the length of the different stages
for the succeeding generations in a season.

Parker ('13) gives us a very complete account of the life history of this pest.
In the insectary at Berlceley, California.. he carried seven individuals through
from the time of egg deposition to the adult instar. He found for winter con-
ditions the lengths of the various stages. Parker does not appear to have
determined the length of the adult stage nor the rate and period of egg depo-
sition.

Egg.

Number of eggs laid by a single female. Worsham ('10) states that ninety-four
was the largest number of eggs noted as being deposited by a single female, and
that eighty was an average. Three of the five individuals which I kept until
they finished their natural lives laid fifty-one, sixty-three, and eight eggs,
respectively. No doubt but that climatic and other conditions have much to
do with the number of eggs laid.

Rate of deposition. Other workers have reported that the rate of egg depo-
sition varies greatly. Worsham ('10) gives from one to twelve per day. Mc-
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Gregor states that as high as fifteen may be laid in a single day. My records
show nine as a maximum under our conditions, and one or none as a minimum,
with 2s as an average. The number of eggs laid per day varies greatly accord-
ing to the temperature and nutrition. Individuals feeding on the soft, tender
parts of favored host plants, with a high temperature will lay many eggs per
day. On the other hand, either a low temperature or insufficient food supply
may cause the complete suppression of oviposition.

The life-history notes for the adult stages of five individuals are here given
in tabular form:

TANLE I. - LIFE-HISTORY CHANT FOR THE ADULT STADIUM OF Tetranychus
telarivs LINN.
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Length of incubation period. I have isolated females, placing one each on
small, potted red sage plants, and obtained the time of deposition of different
eggs. These were observed daily in order to get the length of incubation
period. I obtained 8 days as a maximum, 3 days as a minimum, and si days
as an average for the incubation period. This period did not appear to differ
between fertilized and unfertilized eggs, as will be noted in the following table:

Date. Eggs laid Eggs laid Eggs laid Eggs laid Eggs laid Remarks.
by No. 1. by No. 2. by No. 3. (by No. 4. by No. 5.

Oct. 4 Immature Immature
5 Individual

adult..
Individual

adult

7 2
5 1 6
O 2 4

10 2 5
11 4 0
12 3 5
13 3 4
14 4 4
15 4 4 Mature No. 4 reared from deuto-
16 1 3 nymph.
17 4 4
15 2 4
19 4
20 4 1

21 2 3
22 2
23 1

24 2
25 1 1

Mature.. Nature Nos. 3 and 5 reared from
deutonymph,

26 2 Dead Exp.
27 1 closed.
28 1

29
30 2 2
31 1 3

Nov. 1 1
Exp.

Dead closed.
\No record taken for No. I.

51
6

2
Missing 1 probably dead.

Totals 51 83 S



TABLE 11.TIlE LENGTH OF' THE EGG STADIUM.

The incubation period varies greatly according to the temperature. I have
noticed eggs remaining for a great many days without hatching when the
temperature was low. It is interesting to note that low temperature appears
to suppress oviposition several days before it does incubation, so that very
late in the fall of the year, we will find no tmhatched eggs on the leaves of
plants. In the case of this species, we never find the dormant winter eggs
out of doors as we do in the case of the citrus red spider or the brown mite.

Percent age of eggs hatching. All of the eggs which I have noted have hatched,
unless tbey were either kept at too low a temperature or were destroyed by
predaeeous enemies. Fertilization is not necessary in order that the eggs
hatch, as the species is parthenogenetic. This undoubtedly causes a much
higher percentage of eggs to hatch than would otherwise be the case, for a
very large number of females are found isolated in nature, especially early in
the summer.

Decriplion oJeg. The egg (P1. 1, Fig. 1) constitutes almost a perfect sphere. It is very small
and when laid has a pretty, pearly appearance. The eggs are always deposited singly, though gen-
erally close together. They may be attached directly to the leaf, or may be attached to the boss
strands of the web. When the eggs are fIrst laid they have little color, As they develop, they take
on a reddish hue, while slightly before hatching the carmine eye pigment becomes marked. The
egg is covered with a tough shell, which holds much of its shape, even after the larva has emerged.
Size of egg, diamater, 0.09 mm.

Larva.
Habits. When the larva emerges from the eggshell the latter is ruptured

for over one-half its diameter (see Fig. 7), but does not usually collapse. The
new larva is very dehcate, and with the exception of the carmine eye pigments,
is almost flesh colored. It soon begins to feed, but does not run about much,
staying near to the place where it emerged. The larva apparently does not
spin a web, but frequently will be found on webs spun by adults.

Length of larval stadium. Larvae were reared from isolated eggs upon differ-
ent potted plants. The larval stadium is divided into an active period and a
quiescent period. The former is passed while the individual is feeding, the
latter in preparation for the first molL My experiments showed that the
active period is much the longer of the two, giving an average of 2 days, while
the average obtained for the quiescent period was 13'days. The life-history
notes for the larval stadium are here given:

16

No. Fertilized or not Date of oviposition. Date of hatching. Length of egg stage.

Unknown July 31 August 6 7 days.
2 Unknown July 31 August 2 3 days.
3 Mated to male September 10 September 24 5 days.
4 Mated to male September 19 September 25 6 days.
5 Mated to male September 10 September 25 6 days.
6 Mated to male September 19 September 25 6 days.
7 Mated to male.. .. September20 September26 6 days.
8 Mated to male . . September 20.... September25 5 days.
9 Unfertilized.... . October 20 November 5 7 days.

10 Unfertilized October 30 November 5 6 days.
11 Unfertilized October56 November 3...... 8 days.



TABLE 111.LIFE-HIsToRY NOTES FOE THE LARVAL STADIUM.

Date. Larva 1. Larva 2. Larva 3. Larva 4. Larva 5. Larva 6. Larva 7. Larva 8. Larva 9. Larva 10.

August 1 Emerged.. Obtained.... Emerged.
August 2
August 3 Lost
August 4
August 5 Lost
August 6 Emerged
August 7 Quiescent
August 8 Dead Quiescent
August 9 Lust
September 24
September 25

Emerged
Emerged. Emerged.... Emerged Emerged.

September 26
September 27
September 28
September 29
September 30

Molted
Molted
Quiescent.. Quiescent...

Molted
Quiescent
Molted

Emerged

Mol ted

Quiescent...
Quiescent.

Molted.

Length of active larval
Length quiescent larval

period..
period..

6 days± 2 days 4 days-i 2 days
1 day

2 days
1 day

2 days
I day

2 days
2 days

2 days.
2 days.

Total length of larval period.. 3 days 3 days 3 days 3 days 4 days 4 days.



These results give an average for the larval period of 3 days. McGregor
obtained 3.1 days for this period, showing that my results check up his very well.

Deacripl ion of lenin. (For figure of larva see P1. 1, Fig. 2.) When the larva first emerges from
the egg, it is a small, almost spherical, flesh-colored creature, with but six legs. The body is seen to
be divided at its middle by a transverse suture, that part in front of the suture being the cephalo-
thorax, while the part behind the suture is the abdomen. The segments of the legs in the case of
the larva are much shorter than in the adult, the pstells.e and the tibias being so broad as long in
the first two pairs, while they are much longer than broad in the same pairs of legs of the adult. There
is also a tendency of the segments of the legs to be swollen. The bristles of the bodyare shorter and
stiffer in the larva than in the adult. Length of larva, obtained as an average from measurements
of several specimens, 0.15 mm.

Protonymph.

Habits. The habits of the protonymph or first nymph, are similar to those
of the larva. The protonymphs are very active feeders.

Length of the first nymphal gta.dium.. The first nymphal stage, like the larval
stage, is divided into an active feeding period and a quiescent period pre-
paratory to the second molt. The results obtained are given in the following
table:

TAnLE IV.LIFE-HISTORY NOTES FOR TIlE FIRST NYMPHAL STADIUM.

Date.

Sept. 27
Sept. 29
Sept. 29
Sept. 30 Quiescent.
Oct. 1 Molted
Oet.2
Oct. 3

Protonym. I. Protonym, 1. Protonym. 3. Protonym. 4.

Emerged...
Emerged... Emerged... Emerged...

uiescent.. Quiescent.

Molted Molted
I

Molted

18

Protonym. 5. Protonym 6.

Emerged.
Emerged..
Quiescent. . Quiescent.
iMolted I

Molted.

Totsis 4 days 3 days 3 days 3 days 2 days 4 days.

The average obtained for the first nymphal period was 3 days.
Description of protonymph. The protonymph IPI. I, Fig. 3) is very similar to the larva except in

size, and in the possession of an extra. pair of legs, these beirtg added during the first molt and appear-
ing behind the last pair of legs of the larva. The body of the first nymph retains much of the spherical
shape of the larva, until the stage is well advanced. 'I'he segments of the legs become longer, and the
setae of the body also enlarge and are more curved. In the first nymph the abdomen assumes a size
which is distinctly larger than that of the cephalothorax. Length of protonymph, 0.27 mm,

Deutonymph.

Habiti. I find that the second nymphs have the ability to spin webs. One
individual spun many irregular spans on the underside of a leaf, on which
were found fa,ecal pellets.

Length of second nymphal stadium. Like the larval, and first nymphal stages,
the second nymphal stage has an active and a quiescent period. The life-
history notes for this period are here given:



PLATE I

All the instara of Teiranychus telariss Linn., drawn to the same magnification. Fig. 1, Egg. Fig. 2, Larva, dorsal view. Fig. 3,
Protonymph, dorsal view. Fig. 4, Deutonymph, dorsal view. Fig. 5, Adult female, dorsal view.



'.he average obtained for this period is 3 days.
Description of deulonymph. (For figure of deutonymph see P1. I. Fig. 4,) In shape the last nymph

is very similar to the adult. About the only difference between this instar and the adult instar is in
the absence of sexual characters from the former, and also the total absence of the reddish color,
which freouently becomes pronounced in the adult. It is noted that the legs are shorter in pro-
portion to the body than in the adult, the last pair just reaching the tip of the abdomen. As the
deutonymph does much feeding, its color markings are rather variable sod pronounced, but are not
fundamentally different from those of the earlier stages. I find the length of the deutonymph to be
0.36 mm.

Adults.
Length of adult sto.dsum. The adult stadium for the female Consists of two

periods, one short period immediately following the last molt, in which no
eggs are laid, and a long egg-laying period. In the case of the male there is
but one period. The average obtained for the period previous to egg laying
is 3z days. The average obtained for the entire adult stage during the early
fall was 21k days. The length of the adult stadium, like that of the other
stadia, depends chiefly upon temperature. This stage is much the longest of
any of the stadia; in fact, it is longer than the other foul' taken together.
During the winter months this species semihibernates in this stage.

Description of Female. (For figure of female see P1. 1, Fig. 5.) Color varying; Sometimes green,
sometimes yellowish, sometimes a mixture of greenish and yellowish, and Sometimes a bright orange.
In most individuals there is one or more pairs of dark spots which show through the skin. These are
situated on either side of the abdomen and toward its anterior end. Rarely the adults will be with-
out black markings. Sometimes there will be a long central black spot in the posterior part of the
abdomen.

Cephalothorax about twice as broad as long. Palpi extending to the tips of the femora of the first
pair of legs; palpal claw prominent, curved, about as long as palpal thumb. Palpal thumb sligistly
swollen at its base, and bearing a prominent digit at its tip and two digituli just above the digit.
Mandibular plate two-thirds as broad as long, and terminating in a pair of lances or spinae, which
are about as long as the plate itself. Stylets, or chelicerae, long, curved, needle-like. On each side
of the cephalothorax above or slightly behind the second pair of legs are situated the double eyes.
The two corneas are subeua1 in size and shape, and behind them is the eye spot composed of a car-
mine pigment. The cephalothorax bears dorsally five pairs of bristles; a subrostral pair, a superior
pair above and in front of the eyes, and three posterior pairs.

Abdomen two-thirds as broad as long. Provided above with sixteen curved, simple spines;
one shoulder pair, then three transverse rows of tow bristles each, and finally a small pair at the tip.
Genital area pronounced, somewhat triangular; ge,nital plate curved and bearing a long pair of
bristles; anus slit-like, and situated in the projecting papijla.

Legs slender. Anterior pair of legs the longest; second pair of legs reaching to the tips of the
tibias of the first pair; third pair of legs reaching to the tip of the abdomen; fourth pair of legsreach-
ing beyond the tip of the abdomen by the full length of their tarsj. Tarsal clavs of legs strongly
bent near their bases, and six cleft. Besides the tarsal claws each tarsus bears four tenent hairs
of slightly different lengths situated above clasvs. By measuring fourteen individuals I get 0.42 mm.
for the average length of the females.
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Trn V. LIFE-HISTORY

Deutonym. 2.

NOTES FOR

Deutonym. 3.

SECOND NYMPHAL STADIUM.

Date; Deutonyns. 1. Deutonym. 4 Deutonym. 5. Deutonym. 6.
Oct. 1. Emerged Emerged. Emerged.... Emerged
Oct. 2 Emerged...Oct. 3
Oct. 4. Quiescent

Quiescent
Melted

Quiescent
Melted Quiescent.

Emerged.
Oct. 5.. Melted Malted Milled
Oct. 6
Oct. 7 Malted.
Totals 4 days 3 days 4 days 3 days 3 days 4 days.



Description of Male. (For figure of male see P1. II, Fig. 5.) The body of the male is much smaller
than that of the female, and is somewhat different in shape. The abdomen is slender and somewhst
pointed. Relatively, the legs are longer in the male than in the female. The only color difference
in the sexes lies in the color of the legs. The two anterior pairs of legs in the male arenormally some-
what reddish, while in the female they are not.

The male has a prominent, short, stout spur on the tip of the third segment of the palpus, the
use of which is unknown. The genital armature of the male consists of the genital slit and the pro-
trusile penis. The penis (a short, stout, and has a hook at its end which turns upward andends in a
flattened barb. An average obtained by measuring eleven individuals gives 0.32 mm. for the length
of the male.

GENERAL BIOLOGICAL NOTES.

The Spinning Process and Use of Web.
Notwithstanding the fact that this mite is known as the red spider largely

on account of its spinning habits, yet the spinning process itself has not been
sufficiently studied That the silk emerges near the anus, that the four-pronged
tarsal claws and the tenent hairs, found on the tarsi, are used in its manipula-
tion, appear to be settled facts.

The silk spun by this species is very fine, and is not arranged into any
regular web, but consists merely of irregular strands extending in various
directions on the under sides of the leaves. Late in the summer or early in
the fall, after the plants attacked have begun to wither and dry, several leaves,

or occasionally the whole top of
a plant, may be swathed in a
sheet of very fine silk (see Fig.
15). Tpon this snowy white
sheet may be seen hundreds of
mites running briskly to and fro
and apparently governed largely
by bonds of socialistic instincts.

I am not sure at what time
in the life of the developing mite
the spinning habit begins to
assert itself. I have never
observed the larvae or the first
nymphs to spin webs, but do not
know that they lack this power
or the instinct for exercising it.
I find that tbe deutonymphwill
spin a considerable amount of
web. This web is similar to
that spun by the adults, but is
not as extensive.

The uses to which the silk and
the web are put are various.
First of all, the web is fre-
quently used for attachment

Fig. 5.A clover leaf and stem showing web. The
sveb spun on the leaves is used chiefly for the attachment
of eggs and for protection. The strands spun along the
stem are used for traveling purposes.
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of the eggs, and also for the attachment of the claws preceding a molt. Next,
it serves as a protection, poor though it may be, for the species, shielding
them at times from natural enemies, and frequently keeping individuals from
being knocked off the leaves during heavy rain storms. But perhaps the most
important function of the web is as a means of facilitating travel from one part
of a plant to another, thus bringing a colony into close social relationship, in-
suring better feeding, more frequent mating between the sexes, also giving
ready means of escape when starvation confronts them. Webs greatly
facilitate travel about a hirsute plant. It would be practically impossible
for these little creatures to travel about the stems or leaves of some of our
plants if it were not for the webs they spin. Figure 5 represents a clover leaf
with strands of silk spun about the leaflets and along the stem. Upon these
the mites are noticed running about, and enjoying perfect ease of locomo-
tion and all the facilities for intimate social relationship. Webs are also prob-
ably of much use in the dispersions due to high winds. It is very probable that
parts of the web will be torn off with mites attached and carried for long
distances by these gales.

Average Length of Life Period.

According to McGregor, who has studied the seasonal history of the spider
mite on cotton, the average length of the life cycle for the year, exclusive of
the hibernating generation, is 12.6 days. He does not appear to have followed
the adult stage through to the time of natural death, but gives the length of
the cycle dating from egg stage to egg stage. There is great variation in the
length of the life period, depending upon the temperature and other conditions.
I found that two individuals which were hatched from eggs deposited Sep-
tember 19, passed through their transformations and came to their natural
death on October 26, and November 6, respectively. Thus in these instances
considerably over one month was necessary for the completion of the entire
life period.

During the winter several months are required for the completion of the
life period. In the Witlamette Valley those individuals which reach maturity
during the month of October live over winter, and begin egg deposition the
following April or May, after which they probably soon die. In the case of
the hibernating forms, therefore, the life period probably extends over six or
seven months.

A Few Notes on Embryonic Development.

It has not been the intention of the writer to enter into any detailed con-
sideration of the embryonic development of the common spider mite, but I
give here a few observations on the same. The first change that is noticed
in the developing egg is its change from an almost transparent object to a
dull yellowish opaque one. Soon after this change is noticed small buds, the
fundamenis of the various body appendages, appear (Fig 6, A). These can be
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easily observed at times, and always by staining. They are arranged in pairs
along the median plane, and are very similar in appearance.

Next, the egg is noticed to take on some orange or reddish tints, the yolk
of the egg becomes concentrated in definite areas. Then two carmine spots
are noticedthe eye pigments. These spots become larger and brighter, and
before the egg hatches they are almost as prominent as they are in the larval
or adult instar.
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Fig. 6.Embryonic development. A. Egg after a few days' incubation, showing the bud-like funda-
ments ol the appendages. B. Egg showing tbe embryo far advanced. The eye pigment

is well developed and thoracie bristles arc also present. C. The emerging
embryo, showing the legs not yet extended and a part of

the eggshell adhering to the back.

Finally, most of the structure of the larva can be seen in the almost fully
incubated egg (Fig. 6, B). The legs are folded over the ventral part of the
body, the dorsal bristles are bent down on the back, while the whole indi-
vidual awaits only the rupture of the eggshell to become active, and run about.

Usually, after five or six days incubation, the larva emerges The eggshell



is ruptured in an irregular manner near the equatorial plane. At times the
larva may take with it part of the eggshell, which adheres to its back (Fig.

6, C). The cast eggshell remains
where it was at the time of hatch-
ing, and maintains much of its
original shape (see Fig. 7). These
old eggshells, together with cast
larval and nymphal skins, are quite
conspicuous on leaves that have
been infested with mites for any
length of time.. Their presence
will often show that the spider
mites have been the cause of much
injury, long after the live mites
have migrated to other quarters.

- Molting Process.
We have already noted in our

observations on the life history of
the spider mite, that each stadium was divided into two periods, an active
period and a quiescent period. The former period is usually considerably
longer than the latter. The quiescent period is a period devoted entirely
to the formation of new parts and to physiological processes preparatory to
the molting process. Before the mite becomes quiescent it picks out a secluded
place, usually along a leaf vein, or it may be under or among the meshes of the
fine silk web which it has spun; here it extends its legs and fastens the claws
securely to the surface of the leaf or to the web.

After a few days, during which there are various internal changes, the
molting process begins. At first the body moves back and forth in short
wriggles. These motions continue for some time, when all of a sudden the old
skin splits transversely along the cephalothoracjc-abdomjnal groove. Follow-
ing this rupture of the skin, the anterior part of the mite is slowly withdrawn
from the old skin. The anterior legs now becoming free, the mite changes its
position somewhat, and using these free legs, pulls itself from the posterior
half of the old skin.

The two parts of cast skins are sometimes torn completely in two during
the molting process, but not always. When the protonymph first emerges,
the new pair of legs, which has come to it during the reformation process
previous to the molt, are at first carried about and not used. They soon become
strong, however, and are used like the other legs. The molting process has been
described in more detail by the writer (see Ewing, '12).

Parthenogenesis.

That our common red spider, or spider mite, is parthenogenetic has been
known for a long time; but the phenomenon has not been studied carefully.

Fig. 7Eggshell of tSr the larva has escaped. Many
of these eggshe!ls are found among the east larva! and
nymphal skins on infested leaves.
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In this country it appeals to have been demonstrated for the first time by
Perkins and by Morgan in 1897. These two men worked independently in
different parts of the country. Morgan isolated eggs, placing them in separate
cages, and from these reared virgin females. He found that these virgin
females, soon after reaching maturity, began depositing eggs. These unfer-
tilized eggs were observed to hatch, thus demonstrating the parthenogenetic
nature of the mite. l\'Iorgan did not continue his experiment on parthenogenesis
beyond this point; hence he did not observe much that was gleaned by others
relative to this method of reproduction.

Perkins, whose results were published the same year, carried his studies
on the parthenogenesis of the species much farther. He reared the individuals
hatching from unfertilized eggs to maturity, and also noted that they always
produced males. Parker ('13) reared to maturity from unfertilized eggs,
deposited by virgin females, 26 individuals. All of these were males.

The writer has performed the following experiments relative to partheno-
genesis in this species:

Two females were reared on separate, isolated potted plants from the egg
stage to maturity, and until they died a natural death. One of these lived for
32 days after becoming mature and laid 51 eggs, the other lived for 21 days
after becoming mature and laid 63 eggs. This showed that mating or fertiliza-
tion did not appear to affect the egg production or in any serious way the life of
the adult female.

Again, some immature individuals were isolated on separate plants. From
these, three adult virgin females were obtained. These three virgin females
laid a large number of eggs from which were reared 52 adult mites. All of these
were males. Of these 52 males, 42 were the offspring of one of the virgin females,
eight the offspring of another, and one the offspring of the third.

Sex Ratios.

The fact that unfertilized females always produce males will help to make
clear why such great differences appear in the ratios of the sexes at different
times of the year and in different places. We probably find an excess of the
females more frequently than an excess of the males, especially during the
season of the year when the mites are most destructive, but this is not always
the case.

When a female becomes isolated, as many do early in the spring after the
winter has decimated the ranks, there will follow among her descendants, for
a while at least, a great preponderance of males. This preponderance would
continue for two generations at least. The males produced from the first
im.fertilized eggs would have to reach maturity and fertilize the female, their
mother, and the individuals hatching from these fertilized eggs would have to
reach maturity before the preponderance of the males would begin to be
reduced.
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What are the sex ratios among the offspring of the fertilized females? In
order to determine this point, I placed a female during the quiescent period
previous to her last molt on an isolated potted plant. With her I placed four
very active males, Although these males courted the female a great deal, I
did not observe when any of them mated with her. That she was fertilized is
shown by the sex of most of her offspring. From the many eggs laid by this
fertilized female sixteen individuals were reared to maturity. Eleven of these
were females while only five were males. Thus this indicates that there is a
preponderance of females among the offspring of fertilized females.

Do all fertilized eggs produce females? This single experiment of mine
does not settle this point. It may be that some of the eggs laid by the female
were deposited before she had paired with a male, but I think that this is
hardly probable; for it must be remembered that there is a non-egg-producing
period of several days after the female reaches maturity before egg deposition
begins, and under these conditions with four ardent male suitors present it is
very probable that copulation took place almost immediately after she reached
maturity. But the insemination of the female by the male may not neces-
sarily mean the fertilization of all the eggs. Frequently in the case of insects
eggs may be laid by mated females that have not been fertilized. Further
study will doubtless throw more light on this problem.

With the great preponderance of female offspring from fertilized females,
when the infestation reaches a certain point the females should become so
numerous that some of them would not be fertilized by the males, which now
should be much rarer than the females. This neglect of fertilization would
cause an increase in the number of males again.

Thus we see that parthenogenesis, resulting in the production of only males,
serves as a sort of a balance wheel to the oscillating ratios of the sexes as they
are found in nature.

Time and Method of Copulation.

When the developing females reach the quiescent period previous to their
last molt, they are nearly always found to be attended by one or more males.
The attending male crawls about the inert female, and at times will remain
for long periods above her. In this position he is not quiet, but moves his
appendages almost constantly.

Since these actions of the male toward the immature quiescent female
appeared to be so constant, I decided to find out if actual fertilization took
place at this time before the female reached maturity, as is the case with
some of the mites belonging to other groups. For this purpose, four quiescent
deutonymphs that were observed to be constantly courted and attended by
males, were placed on very small isolated potted plants After they had been
left with the males for a long period, they were isolated while yet immature,
upon small potted plants, and allowed to reproduce. One of these individuals
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upon reaching maturity soon escaped, leaving no eggs laid. The other three
females each laid several eggs; in all twenty-four were laid. From these
twenty-four eggs, ten adults were reared. All of these were males. This shows
that there had been no real fertilization by the males during the quiescent
deutonymphal period in the life history of the female. This premature courting
instinct no doubt has its value to the species in detaining the male until the
female transforms, after whieh copulation soon takes place.

Copulation normally takes place soon after the female reaches maturity.
Perkins ('97) states that several males may mate with a single female, each

taking his turn without quarreling. I am of the opinion that more often the
female mates with but a single male. Previous to the emergence of the mature
female, quite frequently more than one male will be found in attendance, but
here again my observation is that this is the exception rather than the rule.
Perkins' description of the males contending with each other in combat over
a female is without foundation. It might be added that the observations
were not Perkins' own, but were quoted from some of the notes taken by Dr.
Worcester.

The mating process is somewhat diffprpnt, in the red spider, from the usual
method. The male slips under the female from behind, and clasps her leg"
with his front pair. The penis, which is curved upward at its tip, is brought
up over his back in the transference of the genital products. That this copu-
lating action of the male is strongly reflexive is indicated by the fact that
frequently it is induced when males are killed by means of various chemicals.

Methods of Dispersion.

Since these mites are wingless and are of such small size, the question of
their means of dispersion is of great importance. It is well known to those
who have worked much with the species, that the mites will appear within a
few weeks in a field of cotton or in a hop yard where previously no signs or traces
of them could be found. I find that in the Willamette Valley this is commonly
what takes place. Last summer I made repeated observations in hop yards
during the early summer for spider mites. In most instances no mites what-
ever were observed, and they never were found in abundance. Yet in these
same hop yards, during the months of August and September, the mites
appeared in great numbers and caused much injury by discoloring or killing
a large percentage of the leaves.

Formerly it was supposed that the spider mites spread chiefly from plant
to plant by means of the touching of leaves or along vines that afforded a con-
tinuous passage from one plant to another. Their sudden appearance in places
that were supposed to be uninfested was attributed to many causes; for instance,
as their being carried on the clothes of people, being carried by birds and by
insects, and being scattered from one part of the field to another by cultivators,
on the hoofs of horses, etc.
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McGregor ('12) showed that the dispersion of the spider mites in the cotton
fields was due chiefly to the efforts of the mites themselves. He found that
on the ground they could travel at the rate of one inch per fifteen seconds,
which, if maintained, would give 480 feet in twenty-four hours. He demon-
strated that violets found near cotton fields were by far the most common
sources of infestation. Near the violet patches was found the heaviest infesta-
tion, while as one passed farther and farther away from this point, the infesta-
tion became less and less severe. He has plotted in his bulletin the area of
infestation of a cotton field, showing how the regions of less and less degrees
of infestation radiate from the violet patch near by.

Parker ('13) tested, in the laboratory, the ability of the spider mite to
travel over three different surfaces. He found that in one hour the adult
female would travel over paper, 21 feet 1 inch; over loosc soil, 11 inches; over,
packed soil, 6 feet 2 inches. Parker found in the case of hops that "the mites
appeared simultaneously in various parts of the hop fields and did not, as was
formerly supposed, invade the yards from along the edges and work toward
the center of the fields."

While the present writer finds that what Mr. Parker states regarding the
simultaneous appearance in various parts of the hop fields of the red spider is
true, yet he has also noticed that there is an invasion of the hop fields from the
vegetation of the turning rows, etc. This was especially true of the hop yard
of Mr. Ireland at Corvallis, Oregon, last summer. I also found it to be true
of Mr. Seavey's hop yards south of Corvallis, and cf some of the hop yards
near Independence, Oregon.

For several years it has been known that at times of high wind spider mites
may be carried from one plant to another, but it remained for Mr. H. P. Stabler
(see Stabler, '13), Horticultural Commissioner of Sutter County, California,
in connection with Messrs. Woods, Munger, and Weldon, to demonstrate by
means of experiments that they may be carried even long distances by moder-
ate winds. Mr. Munger placed a sheet of sticky fly paper on a board, and then
placed the board at various distances from infestcd trees, and at various heights
from the ground. Even at the distance of 650 feet from an infested orchard and
at the height of fifty feet from the ground, many mites were collected on the
paper in a single day. Following these experiments, Mr. Weldon suggested
that the fly papers be placed at the top of a step-ladder, and that the legs of
the ladder be placed in cans filled with water covered over the surface with
oil. This would prevent any of the mites crawling upon the fly paper from the
ground. This experiment was performed, and it confirmed the results of Mr.
Munger.

Although these experiments prove beyond doubt that the mites are carried
long distances by the winds, yet I have known of hop fields, of bean patches,
of whole orchards that have remained free from red spider infestation for an
entire season in a community where the mites were very numerous and destruc-
tive, simply because they were isolated some distance from infested plants.

It would be very interesting to determine if these spider mites spin strands
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of silk by means of which they are carried through the air, as is done by the
young of the true spiders.

COLOR PIGMENTS AND COLOR VARIATIONS.

Perhaps no one thing has caused so much confusion of our common species
of spider mites as their color variations. Years ago when the group was first
studied, new species were described without hesitancy, which were based
solely upon color variations. This practice, I am sorry to state, has not been
abandoned by some of our entomologists. Up to the present time little or
nothing has been done toward finding out what causes the variations in color
observed in our common red spider arid other nearly related species. Gener-
ally, these differences have been supposed to be due largely to the differences
in host plants. Harvey ('92) states that much depends upon the age of the
mites and that each molt discloses a different shade of color. I shall try to
show in the following pages that casual observations have been very mislead-
ing in regard to color variations. The results obtained in regard to color
variations of our common species are here given.

The Different Colors Observed in Our Common Spider
Mite.

Six colors can be easily recognized in our common spider mite; viz., green,
yellow, orange, carmine, black, and brown. Of these six colors, each of the
first three may be generally distributed over the whole body, so that the
entire individual looks either green or yellow or orange. Of the remaining three
colors, the carmine is the eye pigment, and is never found anywhere except
behind the corneas of the eyes; the black is a color due to the presence of some
substance in the interior part of the body, and is localized in certain regions;
the brown color, which seldom appears, generally surrounds the black, and
is never found in the appendages.

Field Observations on Color Changes.

In the study of the color variations of this species, I chose first to take field
notes upon its habits and life history, and the bearing of these and other factors
upon color variations. Field notes were taken for a period of one year so as to
cover all of the seasons, and upon individuals feeding on many different plants.
These notes were made at several places in the State of Oregon. The notes
on color variations as found in nature are given in tabular form as follows:

29



TABLE VI.FIELD NOTES ON COLOR VARIATIONS.

From these tabular data it will be seen that green and yellow individuals
were found on all the host plants observed, except during the winter. These
colors were found among all instars present. The reddish or orange color was
limited to adults, and this color was not found among any of the adults on
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Locality. Date. Host. Plant. Notes on Color Variations

Hood River Oct. 2.5 Arbor vitae Nymphs and adults of same color. Legs and
mouth-parts pale pink; aides of body and
one or two central areas almost. black. Rest
of body yellow.

Hood River Oct. 25 Cherry Nymphs very pale green, black areas some-
times absent. Adults light yellow, without
black spots.

Hood River

Hood River

Oct. 2,5

Oct. 26

Red alder (.4lnus
rabra.)

Cottonwood

Nymphs a light green or light yellow, dark
areas very pale. Adults light yellow with
no black spols,

Nymphs and adults a light yellow with dark
areas showing faintly.

Hood River Oct. 26 Willow Nymphs light green or light yellow. Dark
areas sometimes present. Adults light yel-
low or orange; black areas present.

Hood River Oct. 261 Lettuce Nymphs light yellow with dark areas showing.
Adults with body orange; dark areas show-
ing.

Hood River Oct. 26 Tomato Nymphs pale yellow; dark lateral areas usu-
ally present. Adults bright red, or orange,
without black areas.

Hood River Oct. 26 Malva Adults reddish orange. No nymphs present.
Hood River Oct. 26 Chrysanthemum. Nymphs pale green or pale yellow with black

areas pronounced. Adults reddish orange
with dark areas absent or barely visible.

Hood River Oct. 26 Carnation Nymphs pale yellow or flesh color; dark areas
pronounced. Adults reddish orange.

Hood River Oct. 28] Rose Nymphs pale green; dark areas sometimes
showing. Adults absent.

Corvallis Dec. 2 Apple Yellow forms present. Some of dead mdi-
vidua.ls orange.

Corvallis Feb. 19 Apple Only pale yellow individuals present.
Corvallis Mar. 13 Apple (in labora-Some adult individuals with considerable

tory). orange.
Corvallis Apr. 17 Applc Only yellow individuals present.
Hermiaton May 14 Strawberry No color notes.
Portland May 21 Rose All individuals green with prominent black

markings.
Corvallis June 13 Apple No red individuals present.
McMinnville July 25 Violets Yellow and green individuals present; black

markings usually conspicuous.
Corvallis July 31 Snowball No reddish individuals found.
Corvallis Aug. 13 Beans Yellow and green individuals present.
Corvallis Aug. 23 Hard hack Nearly all of individuals green.
Salem Aug. 28 Rose Green and yellow forms present.
Salem Aug. 29 Beans Nearly all individuals with prominent black

markings. No reddish or orange forms
present.

Salem Aug. 29 Peach No red or orange individuals present.
Salem Aug. 29 Hops Prominent black spots present on most indi-

viduals. No reddish individuals present.
Salem Aug. 29 Apple Black areas or spots not pronounced.
Corvallis Aug. 31 Beaus Practic.slly all individuals yellow. Black

aresa small or absent.
Eugene Oct. 241 Rose All individuals either green or yellow; black

markings never pronounced.
Eugene Oct. 2.51 Cherry Most of nymphs and larvae light green with

slight black areas. A large percentage of
adults present are bright orange.

Eugene Oct. 251 Pear Some of individuals green, some yellow, some
a mixture of green and yellow. None of
them had prominent black markings.



some of the host plants. Orange individuals were most numerous during the
fall of the year.

There was a great variation in the black markings found. These black
areas, or spots, were found in practically all individuals except the newly
emerged larvae and the hibernating forms. During the dormant or winter
season the individuals are yellow, the black spots being quite or almost oblit-
erated.

Variations Due to Host Plants.

In order to find out what variations of this species are due to the host, or
food plants, I performed a number of experiments in the laboratory. From a
stock culture of individuals found on a young apple tree in a nursery row, and
kept upon this apple tree in the laboratory, I made inoculations on various
other kinds of plants. All of these plants were kept in the same laboratory
under similar conditions, so that the original stock served as a check, enabling
me to eliminate variations due to differences in humidity, temperature, etc.
The following is a tabulation of the results:

TABLE VII.Cor,oa VARIATIONS FOUND WHEN INDIvIDUALs A READ
ON DIFFERRNT HOSTS.

Host Plant.

Cotton

Black walnut

Red clover.

Turnip

Rose

Onion

Tangerine
Turnip

Grape fruit

First generation.

Nymphs green or yellow.
with black spots. Only
one reddish adult found.

All of individuals died i0
the larval instar.

Nymphs green and yel-;
low, with black spots
very pronounced. Some
of adults reddish

Larvae green and yellow;
black markings present.
Mice killed turnip plant.

All immature individuals
either green or yellow
and usually with, promi-
nent black markings.
Adults a little reddish.

Second generation

No reddish individuals
found among any of the
four instars.

All instars green or yel-
low, with prominent
black markings. No
reddish individuals
found even among ad-
ults.

Immature individuals
green or yellow, with
prominent black mark-
ings. Adults bright or-
ange.

Larvae and nymphs Nymphs light green with
greenish or yellow; black spots. All mdi-
black markings very vithials died before
small or absent. Many reaching maturity.
larvae died. Adults
not reddish.

All of the adults orange.
Immature forms yellow or Two adults show some

green, witis prominent orange color.
black markings. Adults
chiefly yellow; none
reddish: one brown-
ish individual.

Some individuals are a Nymphs yellowish with
reddish brown, prominent black areas.

All individuals either
died or left plant before

I reaching maturity.
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Third generation.

Immature forms yellow
with black spots.

Larvae and nymphs light
green or yellow with
prominent black mark-
ings. Some of adults
brownish. One orange.

Immature individuals
green or yellow, with
prominent black areas.
Adults with more yellow
than nymph, but not
orange or reddish.



T.ni.x VII.00WR VARIATIONS FOUND WHEN INDIVIDUALS ARE REARED
ON DmFalrr HosTsContinued.

First generation. Second generation

Some individuals brown- Immature individuals
ish in color. Some ad- and most of adults
ults brownish and red- either green or yellow.
dish.

Adults reddish or orange

Adults orange. All indi-
viduals either died or
left plant.

Immature individuals
yellow or green, with
black spots. One adult
orange, Lettuce killed
with fungus.

Only one immature form
lived for any time. It
was light yellow with
prominent black mark-
ings.

Immature individuals
yellowish. All died be-
fore reaching maturity.

All individuals promptly
died or left this plant.

Adults green and yellow
with black markings.

with very prominent
black spots. Some of
adults black in general
color due to black areas
covering whole body.

One nymph found. It
was green when first ob-
served; three days later
it was yellow. It had
the black markings.

All nymphs of this gen- I
eration died. I
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Third generation.

From these tabulated data the following conclusions may be drawn:
The green color appears in all instars and upon all host plants employed in

this series of experiments. This green color is not a persistent color, but may
disappear in individuals which possess it.

The yellow color appears in all instars, and in individuals on practically
all the food plants employed in the experiment. This color is found more
frequently in adults than in immature individuals.

The reddish, or orange, color never appears in immature individuals and
only at times among adults. Among adults on several plants this color did
not appear. It was found to be most prevalent among adults on the red clover,
rose, tangerine, and violet.

A few brown individuals were found on red clover and violet. These
brown or brownish individuals were chiefly adults.

The black markings were found in all instars and on all plants. These
markings were more pronounced when the mites were feeding on certain plants
than when feeding on others. They were very small in individuals feeding on
the onion; on the other hand, individuals feeding on cotton, red clover, rose,
turnip, violet, and tomato had very prominent black markings. These black
areas are confined to the abdomen. They first appear at the sides of the body,
and usually between the second and the fourth pairs of legs. There is a tend-
ency for these black markings to be arranged into spots in the form of one,

Host Plant.

Violet

Nasturtium

Sweet pea

Lettuce

Tomato

Radish

Wandering Jew

Strawberry
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two, or three lateral pairs. Besides these pairs there is frequently a long
central spot in the posterior half of the abdomen. This black Color may under
certain conditions involve practically all of the abdomen, in which case the
body of the mite looks black to the naked eye or through a hand lens (see
P1. II, Fig. 4).

Various Tests with The Colors and Pigments Found.

The following tests were made upon the different colors and pigments
found, in order to ascertain their nature and situation, and, if possible, to
identify the pigments.

Green.

Since it is known that the green color of thany phytophagous insects is due
to the presence of chlorophyll in the blood, the writer at once suspected that
in these leaf-feeding forms the green color was due to chlorophyll, being taken
into the body with the food.

In order to see how permanent this color was, I confined 21 green individuals
in a moist cell without food so as to get the effect of fasting. After 13 hours
I found that all of these individuals had lost their green color and were light
yellow. Again, I similarly confined without food five greenish individuals.
Four hours later the green color had largely disappeared while the yellow
had taken its place. Six hours after the fasting began one individual showed
some green. After 22 hours of fasting the green color had left all of the indi-
viduals. Two more experiments were tried, showing the same effect of fasting
upon the green color.

The color changes of green individuals after death were noted in two experi-
ments. In each case the green color was soon lost after death, and in each
instance was completely lost inside of a day after death. Upon losing the
green color, all of tbe individuals became yellow.

I performed the following experiment to see if the green color would develop
in individuals feeding upon a blanched leaf of Abutilon which contained no
chlorophyll. A green adult was placed on one of these leaves. This adult
soon lost its green color, and remained yellow after that. A larva was hatched
from an egg laid on a blanched leaf of Abulilon. This larva lived for some
time on this leaf, and did not develop a green color, but instead was yellow.
Four larvae were hatched and lived for several days upon the Abutilon, even
until they were large nymphs All of these nymphs had the black spots or
areas. Another individual was reared from the egg to the adult instar upon
the Abutilon. At no time in its life cycle did it show any green color. It was
yellow all of the time after it began feeding. These tests were followed with
others on a larger scale, which failed to change the results. No individuals
developed the green color upon the blanched leaves of the Abulilon, but, on
the contrary, all developed the yellow.

Having been encouraged by these three experiments further to suspect the
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green color of these mites to be due to chlorophyll, I arranged a series of tests,
chemical and physical, to demonstrate, if possible, that chlorophyll was
present, and that the green color was due to its presence.

As a preliminary exercise, a chlorophyll solution was obtained from leaves
of plants by the usual method of boiling first with water, then extracting with
alcohol. This solution obtained by working in the dark was tested in the
following manner: by placing in sunlight; by treating with a mixture of one
part hydrochloric acid and four parts of water; by treating with dilute nitric
acid; by treating with a very dilute solution of hydrochloric acid; by sub-
mittng equal amounts of solution to the action of rays filtered in one case
through a potassium bichromate solution, in the other through an ammoniacal
solution of copper oxide; by making a spectrum examination; and, lastly, by
examining with reflected light, or by focusing rays of light on the solution
with a hand lens (fluorescence test). Of these various common tests, the last
two are very characteristic, and in themselves are probably sufficient to dem-
onstrate the presence of chlorophyll. Having made these tests successfully
with chlorophyll solutions obtained from leaves, I next applied them to various
solutions made from green insects, especially the spectroscopical test and the
fluorescence test.

Now I made chlorophyll tests with the green forms of Tetranychus lelarius L.
By means of a camel's hair brush I collected several score of green individuals
and placed them in a microtesting-vial (about 2 mm. in diameter). These
were treated with water and extracted with alcohol in the usual way. The
solution thus obtained was tested in direct sunlight with a hand lens for the
red fluorescent light. A beautiful red spot was at once obtained on the surface
of the solution with a red fluorescence streak following the focused rays all the
way through the green tincture. This solution was next examined by means
of a spectroscope, and gave a beautiful spectrum showing the characteristic
absorption bands of chlorophyll.

Since making this initial experiment with solutions thus obtained from the
green forms of Tetranychu.s telarius L., I have often repeated the tests with the
same results with other solutions, made, like this one, from the green forms
of this mite. I may add that these solutions gave other tests for chlorophyll
besides these two characteristic ones. In making the fluorescence test I found
that if it was necessary, a fraction of a drop of the solution could be tested by
placing it first on a microscope slide and then covering it with a cover glass.

These experiments proved conclusively that the green color was capable
of being dissolved out of the red spiders with alcohol, giving a green tincture
of the same, which tincture gave the characteristic tests for chlorophyll. I
may add that when the body of one of these mites is punctured the blood which
oozes out is green, showing the presence of the green pigment in it.

Yellow

I tried the effect of fasting upon six yellow individuals with the following
results: five hours of fasting gave no color changes; 22 hours no change; 28 hours
no change; 31 hours no change. All this time the individuals remained active.

34



At the end of 48 hours some of the individuals were dead, but all were yet
yellow. At the end of four days' fasting all the individuals but one were
dead. This one live individual had apparently lost some of its yellow color.
In no case did the yellow color give way to any other color, and only in the
case of this one individual did it perceptibly diminish.

I tried an experiment to see if this yellow color would change after death.
Some individuals were mechanically killed, and placed in the daylight of the
laboratory for observations. Five hours after death the yellow color had
faded somewhat; seven hours after death no further changes noticed; twenty-
four hours after death all the individuals had turned white in some part of
their bodies; for the next eight days no further changes were noticed. The
specimens faded greatly for the first day, but after that remained a pale yellow.

The effect of rearing individuals upon the blanched leaves of Abutilon has
already been mentioned. Here I will simply state that individuals placed
upon the blanched leaves of A bali/on immediately developed the typical yellow
color found in yellow individuals feeding on leaves of common plants. I was
unable to get a large enough number of these yellow individuals reared on
Abutilon to make any chemical or physical tests of the pigment.

An extract in alcohol was made from some scores of yellow individuals
which had fasted for many hours. These individuals were first treated with
hot water before being treated with alcohol. A yellow solution of the pigment
was obtained. I now examined this solution with the spectroscope in sunlight.
I obtained, strange to say, the absorption bands of chlorophyll. This must
have meant that disintegration products of chlorophyll were present, or some
chlorophyll itself may have been present.

When this solution was treated with benzol, according to Kraus' process,
an upper deep yellow solution in benzol was obtained while the lower layer of
alcohol gave no test with the spectroscope and no fluorescence test in direct
sunlight. The yellow solution in benzol gave a fine fluorescence test. These
chemical and physical tests would indicate that the yellow pigment found in
these yellow forms is a disintegration product of chlorophyll. At least, indi-
viduals colored green with chlorophyll become yellow when the chlorophyll
disintegrates. iVioreover, this yellow pigment gives a spectrum almost like
chlorophyll and also a fluorescence test, when dissolved in benzol. This yellow
pigment, or a yellow pigment very similar to it, is acquired by individuals
feeding on blanched, or etiolated, leaves of Abutilon. Hence, there is a strong
probability that this pigment is etiolin or xanthophyll, which two substances
are indeed very closely related.

I failed to get the characteristic tests for xanthophyll, hence favor the first
mentioned pigment. Yet it may be neither of these, btit some other deriva-
tive of chlorophyll.

Orange.

The first step in the study of this color was to see if fasting would change
it any. Six reddish, or orange, individuals were confined in a cell without
food. At the end of five hours' fasting, no color changes were noticed; at the
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end of 22 hours of fasting, no color changes were noticed; at the end of 28 hours
one individual was dead, no color changes were noticed; at the end of 46 hours
the orange color persisted apparently unchanged. At the end of four days all
the individuals except one were dead. The orange color remained the same
as it was at the beginning of the experiment in both the living individuals and
the dead ones.

It was noticed in this experiment, and in another similar one, that the red
color persisted after death. I have kept reddish individuals for many days in
the laboratory after death, and I have always failed to detect any change in
this color under atmospheric conditions. Careful observations were made
showing that this color varies somewhat according to the sexes. Practically
all of the adult male individuals, in w'hatever condition found, would have the
two anterior pairs of legs an orange color, also a part of the body orange. In
regard to the females, it is a common thing to find not a single individual with
any orange color among a large number of specimens.

This orange pigment was not affected by cold dilute acetic acid. It was
slowly dissolved in cold alcohol and in cold dilute potassium hydroxide. By
boiling for a long time in dilute acetic acid, this pigment is slowly dissolved.
By means of dissections, etc., I found that this color pigment may be present
in solution in certain cetis of the body, or at times in the blood.

Carmine.

This pigment is present in the form of opaque granules. These granules are
collected so as to form two masses, one on each side of the cephalothorax just
behind the corneas of the eyes. The pigment is i.maffected by cold dilute
acetic acid, cold dilute potassium hydroxide, and only slowly by alcohol. It
is dissolved by cold dilute nitric acid, and the granular mass of pigment was
broken up by boiling in dilute acetic acid, but the granules were not dissolved.
This pigment remains unchanged throughout life and after death under natural
conditions.

Black.

Daily observations were made upon many individuals with prominent black
markings in order to see if they changed during fasting. In no instance did I
notice this color fading. In some instances these spots, or areas, changed in
size and position. Usually after prolonged fasting there was a noticeable loss
in size of the black areas.

Observations were made for several days after death upon individuals con-
taining black markings. These black spots or areas did not change after the
death of the individual. Due to the shriveling of the hody, the black areas
appeared to get larger, but in reality they remained the same size.

The black areas, as found in these red spiders, are not made up of a homo-
geneous mass of colored matter. Upon being examined under the microscope,
even in whole individuals, they can be seen to be made up of an accumulation
of several or sometimes many dark or black pellets. I will add here that such
individuals show that there are many other like pellets which are either
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yellowish, yellow, or brown, among and near the black ones. Most of these
pellets occupy a position which corresponds very closely to that of the caecal
pouches of the ventriculus, or stomach; and at times some of them occupy a
position similar to that of the ventriculus itself, or that of the intestine or
rectum. When these pellets appear to be in the rectum they look exactly like
the faeces voided upon the leaves by these mites. That these pellets in this
position are really faecal pellets, I was able to demonstrate.

While placing an individual in a mixture of glycerine jelly and acetic acid
on a microscope slide, I was fortunate enough to see the discharge through
the anus of a large number of these pelicts situated in the position occupied
by the rectum. These black pellets
agreed in all respects with the faecal
matter found commonly on the under-
side of leaves infested with red
spiders, except that they were seen
to be inclosed inahyalineperitrophic
membrane, similar to the peritrophic
membrane as found in insects. This Fig. 8.Peritrophic membrane inclosing
membrane was a tube which closely voided en,remerjt.

invested each pellet; and where no faecal pellets were present, its walls came
together so as to look like a cord.

The faecal matter expelled under these conditions looked like a string of
beads. Some of the pellets were not black, but were yellow or a dark brown.
Upon mashing a faecal pellet I found it to be made up of remnants of cast
epithelial cells, small granules, some heavy fluids, and a large amount of
irregular crystals. After treatment with alcohol, most of the yellow coloring
matter was dissolved, leaving these crystals clearly exposed. They were
transparent and of no uniform shape. Most of them were considerably longer
than broad, but some were almost cubical.

An adult, with prominent black markings, was placed on a microscope slide,
the side of the body was ruptured, and a drop of blood flowed out, taking with
it several of the black pellets near the side of the abdominal wall. In this drop
of blood I mashed some of the black pellets, and noted that soon this color
began to give way to the brown. I continued to tear apart and disintegrate
these pellets; slowly, the black colors gave way to brown, which disseminated
through the blood. This brown color gave way to a yellow as it became diluted
with more blood. Finally, I succeeded in getting all the pellets disintegrated,
and the resulting solution in blood was a homogeneous yellow, similar in all
respects to the yellow found originally in some of the pellets, which yellow
pigment was undoubtedly the common yellow pigment of the yellow forms.

Thus it was shown that there is no black pigment present in these mites,
but that when partly digested food pellets, or faccal pellets, became deeply
stained with the yellow pigment, they would appear first brown and finally
black. It seems, therefore, that this yellow pigment, which is either xantho-
phyll, or a chlorophyll derivative closely related to xanthophyll, appears
yellow in the blood and cells of the body only when in dilute solution.



Brown.

This color is due to a concentration of the yellow pigment. There is no
brown pigment. When partly digested food pellets or cast epithelial cells
become deeply stained with the yellow pigment, they appear brown. When
tissues so stained are placed in the blood of a red spider this stain becomes
diluted, and the tissues appear yellow.

All the Common Color Variations Obtained Among the First
and Second Generation Descendants of a Single Female.

In order to find out to what extent variations occurred independent of
species or varieties or strains, if these could be considered as existing, I have
studied the color variations among the first and second generation descendants
of a single female. Five of these individuals I have represented in colors.
(See Plate II.)

On October 10, 1912, a single active female was taken from a leaf of red sage
and placed on a small red clover plant. By October 16, nineteen eggs had been
deposited, and on October 22, some of these eggs had hatched, while new ones
were found. The female was now killed, and from among this first generation
I obtained the four females shown in Plate II. Figure 1 represents an active
feeding individual. The chlorophyll taken into the body has become dissem-
inated and dissolved by the blood and tissues, but as yet it has not had time
to disintegrate. Figure 2 represents an individual that has fasted for two days.
The chlorophyll has disintegrated and has given rise to the yellow pigment.

Figure 3 shows a reddish-orange individual. These forms normally occur
among adults on red clover. Figure 4 shows a black form. The black is due
to a great accumulation of food and faecal pellets, together with an overstaicing
of the same, following vigorous feeding. Figure 5 represents a male of the
second generation, and shows the color variation due to sex in the orange
tinting of the front legs. It also shows the brown color to a slight extent in
the abdomen, this coloring being due to a concentration or a slight precipita-
tion of the yellow pigment.

Summary on Color Variations.

The green color is due to the presence of chlorophyll in the blood or
tissues. It is derived from the chlorophyll contained in the leaves of plants,
being taken into the body of the red spider at the time of feeding. This chloro-
phyll soon disintegrates after being taken into the body. Individuals reared
on chlorophyll-free, or etiolated leaves, do not develop the green color. The
green pigment gives the characteristic physical and chemical tests for chloro-
phyll. The green color may be found in all intars except in the unfed larvae.

The yellow color is due to some pigment closely related to chlorophyll,
and is a derivative of chlorophyll. It probably is either etiolin or xanthophyll.
This pigment is present in the blood and tissues. It may be found in all instars
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except the newly hatched unfed larvae. Green individuals, upon fasting, turn
to the yellow forms.

The orange color is due to a pigment being dissolved in the cell fluids
or the blood. This pigment is rather permanent, and is unaffected by fasting
or death, and only slowly by dilute acids and alkalies. It is never found in
immature individuals, and only under certain conditions among adults. Adults
found on certain host plants never show the orange color to any extent. The
orange pigment is normally present to a slight extent in the anterior legs of
adult males. Hence, in the case of this pigment there is, to a slight extent, a
variation due to the sex; but the greater part is due chiefly to the host plant.

The carmine is due to a permanent pigment, localized behind the corneas
of the eyes even before the larva hatches from the egg. This pigment persists
throughout life and after death. The pigment is present in the form of opaque
granules, which are unaffected by dilute acids and alkalies. There is no varia-
tion in this pigment due to age, sex, host plant, or either climatic or physio-
logical conditions.

The black color does not represent a separate pigment, but is due to the
concentration or precipitation of the yellow pigment in the partly digested
food or faecal pellets. Variations in the black spots or areas are due entirely
to the physiological activities of the body, hence are affected greatly by feeding
and fasting, and to some extent by the food plants. The presence of excretory
crystals and remains of cast epithelial cells also augment the darkening effect
in the food and faecal pellets.

The brown color is due to a concentration of the yellow pigment. This
is most pronounced in the region of the caecal pouches of the ventriculus. Food
pellets especially may become brown in color.

The demonstration that the color variations of this species are due to the
foregoing factors will eliminate some of the new species which have been
established in this genus on account of color variations. In this country T.
bimaculatus Harvey, and T. gloveri Banks, and probably T. .sexmaculatus Riley,
will all fall into the synonymy of the old Linnean species T. tetanus, since they
were not established, as I have previously shown (Ewing, '13), on reliable
structural characters.

DISTRIBUTION.

In order to work out the distribution of this mite, the writer has not only
reviewed the literature upon the subject, but has examined several museum
collections, and has made personal collections in about a dozen of the states.
We may consider first the geographical distribution of the species, then the
distribution according to hosts.

Geographical Distribution.

The common spider mite has at present almost a world-wide distributiOn.
In Europe it is generally distributed over the whole of the western and southern
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part of the continent. In England, Germany, France, and Italy, in fact, it
has been a serious pest for over half a century. In North America the species
is generally distributed over most of the central part of the continent and
southern Canada. This mite has been reported from South America, Hawaii,
South Africa, and Australia. We have, besides, questionable records of its
occurrence in the West Indies and Mexico, while it is probably present in
western Asia and northern Africa.

In this country it is known to be generally distributed in the New England
States, in New York State, in the southeastern part of the cotton belt, in
Iowa, Illinois, and the southern parts of Wisconsin and i\'Iichigan, in the Wil-
lamette Valley in Oregon, in the interior regions and southern part of Cali-
fornia.

The species has a probable general distribution over all of that part of the
United States lying east of the dry plains of western Kansas, Nebraska, the
Dakotas, and Oklahoma. In the Far West it is probably generally distributed
in the Puget Sound region in Washington, in the Snake Valley region of Idaho,
and in western Colorado.

Among the regions that are probably free from general infestation, we may
mention the Great Plains region between the Rocky Mountains, and the eastern
parts of the Dakotas, Nebraska, Kansas, Oklahoma, and Texas. This region
is chiefly occupied either by native grasses or by field crops that are not known
to be host plants of the red spider. This introduced pest is seldom found on
our wild plants; and hence it is very probable that there is no general infesta-
tion in the Great Plains region. I have made repeated visits to the Coast Range
Mountains, but have never found T. telarius Linn. there. I have never found it in
the forest reserves around the Cascade Mountains, and it is very probable that
the species is absent from these regions. Since these forest reserves are
usually several or many miles from cultivated fields, and since they include
chiefly coniferous trees, it is probable that most of them are free from T.
telarius Linn.

Distribution According to Host Species.
The spider mite has been regarded by many authors as being well-nigh

omnivorous. It has been reported from such a large number of host plants,
which have been distributed among so many different families, that it appears
that there is some justification in so considering the species. During my work
with it, however, I have found that it has a strong preference for certain hosts,
and that it will thrive on many others; but that there are certain plants upon
which it is not found and upon which it will not thrive.

Harvey ('93) recorded the mite as attacking no less than forty-four host
plants, belonging to twenty-four families. Since then, many more hosts have
been reported. In the following pages I have compiled a list of seventy-eight
hosts which have been found to be attacked in the United States, together
with the localities in which these plants were found. The hosts are arranged
alphahetically and under each is given the locality records, which, together
with the statee n which they occur, are arranged alphabetically.
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'rABLE VillH0ST AND GEOGRAPHICAL DISTItITBUTION OF T. TELARIUS LINN.
IN THE UNITED STATES.

Alfalfa.
Iowa-Des Moines.

Apple.
Iowa-Ames.
Oregon-Corvallis, Hood River.

A priest.
New York-I thaea.

Ash.
Connectieut-New Haven.
Massachusetts-Melrose Highlands.

Beans.
Alabama-Auburn.
California-Southern part of state.
Florida-Orlando.
Georgia-U nadilla.
Maine -Orono.
New York-Ithaca.
Oregon-Corvallis, Salem.
South Carolina-Charleston.

Blackberry.
Georgia-Ijnadilla.
Oregon-The Dalles.
South Carolina-Batesburg,

Boston Sna i/ax.
New York-Ithaca.

Colic.
Maine-Orono.

Canary Bird.
Maine-Orono.

Carnation.
Oregon-Hood River.

Castor Bean Tree.
Florida -St. Nicholas.
Maine--Orono.

Celery.
Michigan-Locality not given.

Cherry.
Oregon-Corvallis, The Dalles, Eugene,

Hood River.
Chrysanihesnum.

Iowa-Ames.
Maine-Orono.
New York-New York City.
Oregon- -Hood River.

Cotton.
Georgia-In widely separated sections.
Louisiana-Baton Rouge, Mansura, Tel-

lulah.
South Carolioa-Batesburg

Cottonwood.
Oregon-Hood River

Cow peas.
Alabama-Auburn.

Cucumber.
Maino-Orono.
New York-Ithaca.
Oregon- -Corvallis.

Cu pies.
New York-New York City.

Csrront.s.
Nevada-Western part of state.
Oregon-Corvallis.

Cypress-vine.
Maine-Orono.

Easter Lily.
Maine-Orono.

Eggplant.
Florida-Keylargo, Punts. Gorda.
Maine---Orono.
New York-Ithaca.

Elm.
Illinois-Chicago.
Nevada-Western part of state.
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Feverfew.
Maine-Orono.

Godelia.
New York-Ithaca.

Gol4en Rod.
Georgia..LTnedilla.

G000eberr-y.
Oregon-Corvallis.

Gronodells.
New York-Ithaca.

Heliotrope.
New York-New York City.

Hemp.
Illinois-Pekin, Tremont.

Hops.
California-Perkins,Saeramento,Wheatlassd.
Maine-Orono.
New York-Waterville.
North Carolina-No locality record.
Oregon-Corvallis, Independence, Salem
Washington-No locality record.

indian Mallow.
New York-Ithaca.

.Jackssian'o Clema-tis.
Maine-Orono.

Jimson Weed.
District of Columbia.
Florida-No locality given.
South Carolinsu-Batesburg.

Ladies' Eardrop.
Msine-Orono.

Larch.
Illinois-Normal.

Lettuce.
Oregon-Hood River.

lIalva.
Oregon-Hood River.

Maple.
Colorado-Fort Collins.

Maize.
District of Columbia.
Illinois-Locality not given.

Mignonefte.
Maine-Orono.

Mosikey Flower.
Maine-Orono.

MoonJlower.
Maine-Orono.

Morn ing-gloraj.
California-Sacramento Valley.
New York-Ithaca.

Musk-melon.
Maine-Orono.
New York-New York City.

If usk Plant.
Maine-Orono.

Orange.
Louisiana-Baton Rouge.

Peach.
District of Columbia.
Oregon-Corvallis, The Dallas, Salem.

Pear.
Oregon-Eugene.

Pepino.
Maine-Orono.
New York-Ithaca.

Pepper.
Maine-Orono.
New York-New York City.

Pigwee4.
South Carolinsu-Batesburg.



TABLE VIII.Hos'r AND GEOGRAPHICAL DI5TRIBtrn0N or T. TELARIUS LINN.

River,

STATEsContinued.
Straw berry.

District of Columbia.
FloridaGalloway.
OregonCorvallis, Hermiston.
WashingtonGoldendale.

Sugar Beet.
Illinois -Pekin, Tremont.

Thunbergi.
New YorkIthaca.

Toni ato.
GeorgiaUnadilla.
IowaAmes.
MaAneOrono.
New YorkIthaca.
OregonHood River.

Verbena.
MaineOrono.
New YorkIthaca, New York City.

Violet.
CaliforniaSouthern part of state.
Connecticut -New Haven.
District of Columbia.
GeorgiaAtlanta.
OregonCorvallis, McMinnville.
South CarolinaBatesburg.

Walnut, Black.
OregonSalem.

Walnut, English.
OregonAlbany.

Watering/on.
FloridaEustis,

lVeddiag Bell.
Ma.ineOrono.

Willow.
OregonCorvallis, Hood River.

Vl'hife Closer.
OregonMcMinnville.

From this long list we find that those plants that have been most frequently
reported as attacked in this country are, in the order of the number of records
obtained for each, as follows: rose, hops, beans, violet, cotton, strawberry,
and tomato.

From the results obtained by inoculation tests which are given in Table VII,
it is noted that the spider mite will not thrive successfully upoo the following
plants, although individuals may live for some time upon them: black walnut,
nasturtium, radish, and wandering jew.

Some hirsute plants are immune from serious attack of red spiders on account
of the mites being unable to get near enough to the tissues toinsert their mouth-
parts. We also find that some plants have tissues too hard for these mites to
pierce with their delicate chelicerae. This is especially true of such tropical
plants as palms, and of several subtropical or temperate plants, such as ever-
green oaks, holly, etc.

When the tender parts of some plants become hardened we find that they
are not seriously injured by mites. In this respect we find that spider mites
are similar to plant lice in their habits. The latter are known to prefer tender
shoots to feed upon, and are frequently unable to live on the harder, older
portions of plants.
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IN THE UNITED
Pick.

MaineOrono.
New YorkIthaca.

P/sm.
WisconsinNo locality record.

Polo to.
iowaAmes.

Rssgberry.
IllinoisBloomington.
New YorkMilton.

Red Alder.
OregonHood River.

Red Closer.
OregonCorvallis, McMinnv ille.

Rose.
ColoradoDelta.
IdahoWeiser.
MairieOrono.
MassachusettsAmherst.
MinnesotaCannon Falls.
New YorkIthaca.
OregonCorvallis, Eugene, Hood

MeMinnville, Portland.
PennsylvaniaWest Grove.
VermontBurlington.

Sage.
MaineOrono.
OregonCorvallis.

Slipper Flower.
New York -New York City.

S now boll.
OregonCorvallis.

Spinach.
ConnecticutA nsonia.

Sq sash.
District of Columbia.

Stork's Bill.
New YorkNew York City



NATURE OF INJURY.

The injury due to the spider mite is caused by the puncturing of the tissues
of the leaf from the underside, and the withdrawal of the liquid contents of
the leaf cells. For this purpose the mite is provided with two kinds of piercing
structures (see Fig. 9). The first of these are the chelicerae, or mandibles,
which are long and needle-like; they arc protrusile, and lie deeply imbedded
in the mandibular plate. The other piercing organs lie just inside of these
piercing mandibles, and consist of a pair of lance-like fixed structures called
the spinae. These latter structures are simply chitinous extensions from the
tip of the mandibular plate.

Fig. 9.lateral view of the needle-like ehelieerae and related parts, x 700. Drawing made after
comparisons between 18 individuals. It is with these needle-like structures

that the mites pierce the tissues of the plants.

Apparently both of these piercing organs aie used when feeding. At any
rate, a small puncture is made through the epidermis, and from this opening
the liquid contents are removed. In the feeding process the chlorophyll is
taken into the body, leaving a small whitened area around the punctured point
These punctures become very numerous as the attacks continue, and since
each is accompanied with a small white speck or spot, the injured leaves soon
become speckled or spotted. This is what usually occurs. Apparently, in some
instances this specking does not appear. Following this primary injury, there
is a change of color in those parts of the leaves most severely injured. The
change usually is simply a paling effect, but there may be some reddening of
the leaves. Finally the leaves may shrivel and die.
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Since there is a considerable difference in the nature of the injury to differ-
ent plants, and some confusion of mite injury with injury due to plant bugs, I
will describe briefly the effects produced on some of the different hosts.

Injury to Field Crops.

Clover. The most characteristic feature of the injury of the spider mite to
clover is the minute specking of the leaves. This is well shown in Figure 10.

The specking in the case of
the clover remains pronounced,
even after the leaves begin to
pale. This injury is rather
distinct from that of any other
insect which attacks the clover
plant in this country.

Hops. Plate III shows the
characteristic injury to hops.
In the case of hops we do not
get the speckiog effect that is so
noticeable in the case of clover
The first injury to hop leaves
appears as a puckering and dis-

- coloring of the leaf along the
main veins, near the base. If
the attack continues, the leaves- --

. will begin to pale, and to curl
Fig. 10.Clover leaf, showing injury in the form along their margins. Dropping

of speaking. Each white speck represents a small area 1
1surrounding the incision made with the needle-like of eaves oes no usua occur.

mouth-parts of the mite. Cotton. In the case of cot-
ton the first appearance of injury is in the form of slight yellow spots. These
become enlarged, and as they do so, turn reddish-brown in color. Then the
leaves begin to curl and finally drop off.

To Truck and Garden Crops.

Tomatoes. Injury to tomatoes is most conspicuous on account of the pock-
eting effect produced, and the paling of the tissues in the regions of the pockets.

Beans. (For injury to beans sec P1. IV.) Initial injury is in the form of
small specks. As attacks continue, the specks become so numerous that they
run together. Figure 11 shows the difference between slight and serious injury
to beans. The general paling effect is seldom produced. In fact, leaves will
look speckled until they die or drop.

To Fruit Trees.
Cherry trees. Frequently injury will be noticed on cherry leaves only in

the form of small puckerings along the midribs of the leaves (Fig. 12). These
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A.

1

B.

PATLE Ill

Spider mite injury to hop vines. A. Leaves paled and curledfinal stagesof injury. B. Showing the most common form of injurya puckering
and paling between the larger leaf veins near the base of leaf.
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PLATE IV

Injury to a bean plant. Noto the apotting of the leaves, which ia chaTacteristic of spider mite
injury to beans.

F

k
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Fig. II.-- leaves of bean planto, showing slight (on the left) and serious (on the right) injury. The
leaf on the right shows the specks running together to give a general paling of the leaf.

Fig. 12.Tip of cherry twig, showing injury tO leaves by spider mites in the form of a pocketing
along the midrihs,
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Fig. 13Apple twig. The leaves here show a cupping or warping effect due to spider mites, Leaves
of the apple are also discolored if the attacks are continued.

wrinkles, or puckcrings, may be paled somewhat, but specking is not evident.
Apple trees. Mite attacks upon apple leaves cause them to shrivel and

curl. There appears to be a complete absence of specking or spotting (see
Fig. 13).
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To Greenhouse Plants.

Carrution.s. The attacks of the mites on the carnations usually begin near
the base of the plant, and as the mites multiply they pass upward and infest
the upper leaves, the stalk, and the calyx. The petals of the flower do not
appear to be injured. Figure 14 shows the presence of mites on the calyx lobes
of a carnation blossom, and the mottled effect produced by their attacks.
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Fig. 14.Carnation infestation and injury. A. An infested carnation head, showing the presence
of spider mites on the calyx, and the spotting effect due to their attacks.

B. A leaf of the carnation slightly enlarged, showing the
presence of red spiders.

It also shows mites on the upper side of carnation leaves. This is found to be
the favorite side of the leaf in the case of carnations, and is an exception to
the general rule, since mites usually infest only the underside of a leaf.

Chrysanthemums. Where chrysanthemums are attacked, the injury is usu-
ally most severe at the top of the plant where the leaves are most tender. The
mites attack directly the buds and flowers. I have noticed many flowers that
were injured by the mites. The heads are not symmetrical. Usually one side
or one part of the head will have the petals very small, frequently paled and
shriveled, thus making the whole unsightly. The mites may even become so



Fig. 15.Chrysanthemum bud, badly infested. Note
the presence of the web surrounding the

leaves and stem of the plant.

To Garden Flowers.

The two garden flowers that are the most susceptible to attack are the rose
and violet. Probably this is because these two pass the winter, in many parts
of the country, in a green condition; at any rate, our records show that reports
of injury most frequently concern these two.

Roses. The injury to roses is confhed almost entirely to the leaves. Here
the specking effect is usually produced early in the season. This specking
should not be confused with that of our common leaf hopper, Empoasca mali
Le B., which also occurs on the rose at the same time with the mites. The
mites produce specks or spots that are much smaller than those produced by
the leaf hopper, and the specking appears to be independent of the cellular
leaf structure. In the case of the leaf-hopper injury, the spotting appears to
follow the cell structure of the leaf. The spots, therefore, are larger and are
irregularly polygonal in shape. They also have a tendency to run together so
as to form pale areas, a tendency not noticed in the case of mite injury.

Violets. The four leaves photographed for Figure 17 illustrate in a striking
manner the progressive injury to violets. The first leaf to the left shows a
very slight puckering and paling effect. The next leaf shows numerous areas

numerous as to swathe the chrysan-
themum heads with their webs (see
Fig. 15). Badly infested plants,
however, are usually removed be-
fore this final stage is reached.

Eggplants. Eggplants are very
susceptible to attack. The final
stages of injury are shown in Fig-
ure 16. The specking which first
appears continues as infestation
increases until a complete mottling
effect is produced. The leaves then
begin to curl around the edges,
after which they soon die.

Various greenhouse plants. There
are so many greenhouse plants that
are seriously injured by mite
attacks that they cannot all be
considered singly. Mcis oI these
show the initial specking effect on
the leaves, followed by the paling
and curling of the same. In severe
cases the leaves may fall.
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that have lost their chlorophyll, yet
here there is no definite spotting effect
produced; a little specking, however, is
noticed. The third leaf shows the
specking in a pronounced way, while the
paling involves the whole leaf. The final
stages of injury are represented by the
leaf at the right. This shows the curling
of the dead tissues at the margins of the
leaf.
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To Shade Trees and
Ornamentals.

Maples. In Oregon it is not the com-
mon spider mite that is usually found on
the large-leafed maple, but the native
species, Tetranychus flavus Ewing. The
injury is typical, consisting of the initial
speckirig, the subsequent paling, and the
final cupping or curling of the leaves, after
which they may fall to the ground. Late
in the summer of 1913, I found at Salem,
Oregon, many large-leafed maple trees
that had lost a considerable percentage
of their leaves on account of the yellow

I spider mite attacks.
Evergreens. Arbor vitae appears to

be most subject of any of the common
evergreens to the attacks of mites. At
Urbana, Illinois, I found a tree that had
thousands of mites crawling over its
branches, while webs were conspicuous
on many of the small flat leaves. The only

B. ' w injury noticed was a loss of vitality and a
loss of color in the leaves.

Fig. 16. -Egg plant, showing spider mite Ornamcntals. Ornamentals, like holly

wliiJsecks,theinjuryeausedbyspider and the Oregon grape, are not injured
mites. B. Detail of infested egg plant. One by the spider mite. Their leaves ap-
ical is shriveled due to red spider attacks. -pear to be too hard for the delicate pier-
cing organs of the acarid. Shrubs, like the lilac and the snowball, are readily
attacked. The latter may become seriously injured. Red sage is especially
liable to attack. Here the leaves present a conspicuous speckled appearance
throughout the period of mite infestation.
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Fig. 17Series of violet leaves, showing proeressive stones of injury (from left t right) due to ow
common spider mite.

SEASONAL HISTORY.

McGregor ('12) worked out the number of generations occurring during a
single season at Batesburg, South Carolina. Between March 11 and Novem-
ber 5 he obtained seventeen. The time required for a single generation varied
from 35 days in March and early April to 10 days in June, July, and August.
During the next year (see McGregor, '13) he obtained the complete seasonal
history, from November 5, 1911, to November 10, 1912. In these experiments
he secured seventeen generations for the whole year. The shortest period of
duration obtained for any one generation was 9 days. The period covered by
the hibernating generation was 170 days.

The climate appears to be the chief factor affecting the number of genera-
tions. During the hot dry weather the females may lay as many as a dozen or
more eggs a day, while the growth and molting of the immature individuals
takes place very rapidly. During colder weather probably some days will be
passed without any eggs being laid, while the growth of the immature inIivid-
uals is much retarded.

During the month of October, in the Willamette Valley, the adults begin
the period of hibernation. Egg laying usually ceases several days prior to this
time, with the result that all of the eggs hatch in the fall, so that none of them
are found wintering over. Among the individuals that are found wintering
over, but. very few, if any, are males. I am not sure, however, that the males
normally die at the end of the summer or fall.

With the starting out of the leaf buds in the spring, the activities of the
adult mites begin, and it is not long before eggs are deposited. At Corvallis
the first eggs are laid during April or May, depending upon the season.

The first individuals observed feeding in the spring are almost invariably
females, and as a rule are isolated individuals. Frequently I have found but
a single female with her numerous brood of nymphs and larvae and eggs on
a leaf of a large plant. Here she has doubtless come from her wintering quarters,
and is destined to become, in all probability, the progenitor of a long and
numerous line of descendants.

From early spring until the hot dry summer months come, reproduction



takes place very slowly. During the months of July and August these mites
may appear in myriads in places where they were scarcely known earlier in
the year. It is during these months and the fall of the year that red spider
injury becomes most serious.

NATURAL ENEMIES.
Until recently it was supposed that natural enemies played an insignificant

part in the control of the common spider mite. In all of the literature up to
1012 we find scarcely a reference to natural enemies. Chittenden ('09) men-
tions four enemies of the spider mite, but their biology, habits, and economy
were not then well established. McGregor ('12), in his work on the spider
mite as a cotton pest, found that the small anthr.ocorid bug, Triphleps in.sidiosus
Say, was a very effective natural enemy. He figured this species, and described
its habits very carefully.

Quayle ('12) gives us, in his work on the citrus red spiders and mites, our
first and thorough account of the natural enemies of the spinning or spider
mites. In this excellent work eight very important natural enemies are fig-
ured, and their habits and roles as mite destroyers are given in detail.

I may here state that in my work on the red spiders, I have found, with
perhaps one or two exceptions, but little to add to the results of Professor
Quayle on the natural enemies of red spiders. In the following pages I will
take up the enemies of the spider mite in their natural order, beginning with
the Acarina.

Predaceous and Parasitic Enemies.
Seius pomi Parrott.

(Fig. 18.)
This acarid belongs to the family Gamasidae, which includes several of

our most common species of predaeeous mites. It was first described by Parrott
in 1006, and was reported at that time as feeding upon the pear leaf blister
mite. in Oregon this mite is perhaps the moat efficient of any of the natural
enemies of the red spiders. I have found it feeding on the citrus spider mite,
Tetranychus mytilaspidis Riley, and the yellow spider mite, Teiranychus focus
Ewing, as well as upon Tetranychus telarius Linn.

It not only sucks the eggs of the spider mites, but also attacks theimmature
individuals and the adults. I observed one of these mites attack an adult red
spider on an apple leaf. At first the gamasid mite put forward its front pair
of legs, touching the red spider, and at almost the same time it inserted its
chelicerae. The attacked spider mite then crawled around under the hairs
on the underside of the leaf, but its assailant kept close to it, following at its
heels and continuing to suck its juices. The spider mite frequently broke away
from its enemy, but was as. many times attacked again. This procedure
continued for about five minutes, when the spider mite, with its body shrunken
from the loss of blood, became quiet and soon died. Before the gamasid

53



began its attack, its body was almost white. After it had completed its
feeding, a clear red outline of the stomach could be noticed, due to the presence
of blood sucked from the victim.

Fig, lS.Seius pomi Parrott. Dorsal view, x 80. A predaceous mite which preys on our common
red spider.

This predaceous mite deposits its eggs singly on the underside of the leaves
attacked by the spider mite. Here the larvae hatch, and live in the same
manner as the adults. The larvae molt, giving rise to the nymphs, and the
nymphs transform into adults. I have observed all instars on the same infested
leaf. The following descriptions of the different instars are given:

Egg. The egg of Seias pomi Parrott is a little larger than the egg ofT. teloriss. It is not spherical
like the red spider egg, but is a little longer than broad, and is slightly flattened. When freshly laid,
the egg is transparent.

Lsrcs. The larva is whitish when it first appears and is similar to the adult in shape, but differs
from it in having only three pairs of legs instead of four. If one of the larvae is killed and mounted
on a microscope slide, the fourth pair of legs can be seen in the process of development. They are
found folded up just under the skin, behind the third pair of legs.

Nymph. The nymph is similar to the adult in all respects except for its sise and for the absence
of the genital armature.

AdaU. The adult gamasid is about 0.40 mm. long. The body is much depressed, is widest near
the posterior end, and is evenly rounded behind. The legs are moderate, the front pair being the
longest. The body is very sparsely clothed with simple, slightly curved bristles. A very promi-
nent and characteristic pair of bristles is found on the posterior margin. These bristles are the longest
of any of the body bristles; they are slightly curved, and each is sitcated at about two-thirds its
length from the median line. On the distal segment of the palpus there is situated a small spur on
the inner side; it is enlarged near its tip.
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This gamasid in one instance occurred in such numbers on potted violets
in a greenhouse that it caused the spider mites rapidly to diminish in numbers.
The attacks of following generations caused the red spiders to be practically
overcome by their destroyers. Young nymphs, as well as adults, were seen
running about here and there in eager search for victims as they became
increasingly rare. This condition, however, was a little exceptional, and
doubtless was favored by the moist atmosphere of the greenhouse which not
only is adverse to the best welfare of the spider mites, but also favors the
development of the gamasids.

Scolothrips sexmaculatus Pergande.

This predaceous thysanopteran was first recorded as a natural enemy of
the spider mite by Pergande and Duffey. Quayle later found it to be an impor-
tant enemy of the citrus red spider, attacking all the different instars and feeding
upon the eggs.

According to the account of Quayle the thrips seizes the spider mites with
the fore legs, and rolls them around, puncturing the body of the victim from
different sides. The spiders were attacked most frequently while immature,
and especially during the quiescent stages just before molting. Adult spider
mites are more rarely attacked. When eggs are eaten, the contents are usu-
ally sucked through a single puncture.

This thrips is pale yellow in color. The fore wings are banded with three
pairs of brown spots. The legs are quite stout. The posterior pair reach to
the tip of the abdomen. In length the antannae are about equal to the width
of the head.

In Oregon this thrips probably plays but very little part in helping to con-
trol the spider mite. I have observed it on a few occasions in association with
the spider mite, but have not noticed it feeding on them. I have, however,
observed a species very similar to &olothrips sexmiiculalus preying on the
Bryobia mite at Hood River, Oregon.

Trlphleps insidiosus Say.

(Fig. 19.)

This predaceous anthrocorid was first recorded and studied as a natural
enemy of the spider mite by McGregor. It is a well-known destroyer of the
chinch bug, and is related phylogenetically to the bedbug, Acanthia leclularia.
McGregor states that this bug is probably the most effective enemy of the
cotton mite (the common red spider). According to Quayle this enemy is
rather rare in California. In Oregon I fail to find it an important enemy of
the spider mite except upon hops. In some hop fields, however, it is present
in great numbers, and as it has a remarkable feeding capacity for such small
victims as mites, it must be of much benefit to hop growers.

This bug attacks its prey suddenly, thrusts its beak through the body wall,
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and then quietly sucks out the blood and fluid contents. Eggs are also eaten.
The nymphs, as well as the adults of Triphieps, are equally voracious and

beneficial. They prefer the eggs
and immature mites to the adult
ones. The following short descrip-
tions are given of the nymphs and
the adult:

NymphsThe nymphs of Triphle7u
vary much in size; the younger ones may
be but little over a millimeter in length,
while the older ones may be three or four
millimeters in length. They are dark red-
dish or black in color. The body i2 flattened,
and theabdominalsegmentsshow distinctly.
The wing-pads are conspicuous on the
mesothorax of the older nymphs, but are
absent from the younger ones. Usually the
beak is held under the body, but when
extended it is seen to be quite prominent,
being about one-half as long as the body.

Adull.The adult bug is about two mill-
imeters in length, and is black, with the
exception of the posterior areas of the wings,
which are almost hyaline. Relatively, the
abdomen is much smaller in the adult than
in the nymphs. Inmost respects the adult is
ctuite similar to the last nymph except for its
possession of wings.

Conventzia hageni Banks.

Qunyle has found a small insect
Fig. 19.Triphleps inaixiosas Say. Adult, much of the order Neuroptera and of the

enlarged. family Conioptertjgidae that is a
commonenemyofthered spiders of citrus trees in southern California, including
the six-spotted mite which is probably only a variety of 7'. lelarius. This insect
is Conventzia haqeni Banks. Banks has worked out its life history and economy,
and finds that the larva will consume on the average from 12 to 15 spider mites per
day for a period of about three weeks. One larva ate 262 mites in two weeks.

He described the egg of this species as being pinkish-yellow in color and
oval in shape, and measuring0.5 mm. in length and 0.23 mm. in width. The larva,
he states, varies considerably in its marking, but is white, red, and black.
The larva molts three times during its development, and then spins a cocoon
which consists of a double layer of silk. Inside this cocoon the larva pupates,
and after about thirteen days emerges as an adult. The adult insect is small
and frail, and about three or four millimeters long. It has large membraneous
wings, the anterior pair being much longer than the posterior.

This important predaceous species apparently has not been found in other
parts of the country, although it may be revealed when the spider mites are
more thoroughly studied.
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Hemerobius pacificus Banks.
The Brown Lacewing. -

(Fig. 20.)

On the Pacific Slope we have a lacewing fly of the family Hernerobiidae,
known specifically as Hemerobius pacificus Banks, which is frequently found
feeding on various species of spider mites. The Hemerobiidae are frequently
called aphislions, and they are in fact closely related to the true aphislions,
or Chrysopidae.

The larva of Hmerobius looks very much like the larva of a chrysopid, and
differs from the latter only in a few technical characters. It has the long,
powerful, lance-like jaws with which it attacks its prey, be they big or little,
and also a voracious appetite. The feeding capacity of the larva of the brown
lacewing is very great. Quayle found that one of them, in twenty days,
devoured 897 mites, which were fed to it in captivity.

Ic-
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Fig. 20.H cm erobiw pscificas Banks. A. Larva. B. Adult. Both much enlarged.

This hemerobid spins a cocoon quite distinct from the closely woven
spherical cocoon of the Chryso p-ides. It is composed of a thin incomplete layer
of loosely woven silk, and is not spherical in shape, but is lengtbened in one
direction and somewhat flattened The cocoon is spl.m either under loose bark
or upon the surface of a leaf, usually on the underside. The adult looks very
similar to a chrysopid, but is much smaller than our common species of the
latter. In color it is brown.

Chrysopa californica Coq.
The Green Lacewing.

This lacewing fly is very common in California. In regions infested by
red spiders it will prey upon them. Like other chrysopids, this species lays



its eggs on twigs and leaves attached to a long stalk, so as to prevent the first
larvae that hatch from devouring their other more unfortunate brethren which
hatch later.

Thc green lacewing is much larger than the brown lacewing. The adults
are green in color, and have enormous but very delicate and beautifully
iridescent wings.

Chrysopa rufilabris Burm.

Chittenden reported the larvae of this species as attacking the spider mite
in numbers. He also reared the adult for determination.

Arthrocnodax occidentalis Felt.
(Fig. 21.)

One of the most important enemies of T. telarius Lion., and perhaps the
most. widely distributed of all, is a species of Cecidomyiidae, Arthroenodox
occidenlalis Felt. Different in habits from most of the Cecidomyiidae, which
are notorious for causing galls, the larvae of this species are predaceous. They
feed upon the eggs chiefly. This they do by thrusting their piercing jaws
through the egg walls, and sucking the contents. This species not only attacks
the common spider mite throughout many parts of the country, but also attacks
the citrus red spider, Teranychus mytilaspridis Riley. The larval and adult
instars of Arthrocnodax may be described briefly.

Fig. 21.A rthrocno.lax occidentalis Felt. Side view, greatly enlar5ed. The larva of this species of
Cecidesn5iidae is an important enemy of the spider mite.
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Lee,,,,. The larva is small, pale colored, almost cylindrical in shape, except for the anterior end
of the body, which is tapering. It is about 2.00 mm. in length. The body is composed of fourteen
segments, around each of which is a circle of short hairs or spines. At the posterior end of the body
there is situated a prominent pair of curved spines.

Ada/I. The adult individuals are small, frail, gnat-like dipterons, with plain wings and promi-
nent balancers. The head is carried on a small, but distinct neck, and bears, besides a large pair of
eyes which cover almost completely its lateral aspects, a pair of long antennae. The antennae are
moniliform; they are about one-half as long as the total length of the body of the insect, and each
segment bears a whorl of curved hairs. The thorax is thick and strongly arched. The abdomen is
about as long as the head and thorax taken together. The legs are slender, and all are remarkably
similar to each other.

Quayle has figured a parasite of this species of Arihroc'nodax. He states that
the web spun by the spider mites probably protects the predaceous larvae of
Arthrocnodo.x, to a great extent, from its parasitic enemy.

Syrphus Fly Larvae.

Occasionally syrphid fly larvae are found feeding on spider mites. As yet
not one of these has been reared to maturity or determined specifically. I have
found them feeding on the mites in hop fields. Here they may also feed on
the hop aphis, Phorodon humuli Schrank. They have been found feeding on
various spider mite species.

Oligota oviformis Casey.

In the citrus districts of southern California, there is present on mite-infested
trees a small rove beetle (S1aphylinidae), which is an important enemy of spider
mites. The adult beetle is about 1.00 mm. in length, and is very black in color.
Like other rove beetles, it is odd in appearance on account of its abbreviated
wing-covers, or elytra. The attitude assumed by these beetles is also odd and
quite characteristic. The head is bent downward so that it is invisible from
above, while the tip of the abdomen is held high in the air.

The larva when full grown is at least twice as long as the adult. In shape
it is somewhat similar to the larvae of some of the coccinellids of the genus
&ymnus. The antennae consist of three segments and are very inconspicuous.
The body is sparsely clothed with regularly arranged hairs. The tarsi are
single clawed.

Quayle has described the interesting feeding habits of the larva as follows:
"With its sharp-pointed mandibles the larva punctures the spider, usually
about the center of the body, and by a pump-like action the body content is
sucked up. This is colored red and may be distinctly obsei'ved passing from
the body of the spider into the alimentary canal of the more or less transparent
larva of Oligota. As most of the body juices of the spider were absorbed they
were spewed back again, and the spider, which had been made transparent
by the absorption of the body contents, resumed its normal color and rigidity.
This pumping back and forth is repeated two or three times before the mouth-
parts finally release the victim."

The pupal instar of this species has not been obtained. The larva was
found by Quayle to live at least for twelve or fifteen days.
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Stethorus picipes Casey.

Among the coccinellidswell-known enemies of many of our injurious
insectsat least four species have been found to prey upon the common spider
mite. These all belong to the scymnid group, which includes many of the
small black species so well known on account of their attacks upon scale insects.
The first coccinellid which we will consider is a small black species found in
southern California. Steihorus picipes Casey.

Quayle states that this coccinellid was the commonest species found
feeding on spider mites in the citrus regions of California, and was the most
abundant of all the mite enemies in Riverside and San Bernardino counties.
It does not appear to have been reported as a spider mite enemy outside of
California.

According to Quayle this species lays an oval egg, which is pinkish-yellow
in color when first deposited, but which later turns black or dark gray. The
larva is about 1.00 mm. long, and is a dark gray or black in color. Upon the
body are found numerous hairs arising from small tubercles. The pupal stage

is passed on the underside of the infested
leaves, the pupa itself being dark colored,
and of the common coceinellid shape.
The adult beetles are black and shiny.
They are of about the same length as
the larvae.

One larva was found, by Professor
Quayle, to devour ISO spider mites in
30 days. Another ate 110 mites in 13
days.

Stethorus punctum Lec.
(Figs. 22 and 23.)

This species is the most widely dis-
tributed, and probably the most effective
of any of the coccinellids found feeding
on the common spider mite. In habits
and appearance it is similar to the species
just described The eggs are laid singly
on the underside of the infested leaves.
Here the larvae hatch, and begin to feed
upon the spider mites and their eggs. The
larva reaches maturity, frequently upon
the same plant on which the eggs were
laid, and pupates also upon the leaf. The
adults also feed upon the mites. They
are rather active, and fly about a great
deal. The different instars may be here
described.

Fig. 22.Ststhoru.s punclum Lee. Larva,
x 20. This coecinellid is freuentIy found
feeding upon miles on violets or other
greenhouse or garden plants.

60



Egg. Small, pale yellow, or white; oval in shape. Can be aeen with naked eye The eggs are
about 0.10 mm. long.

Larva. 01 usual asymnid shape, dark gray in color. About 2.00 mm, long. The head is more
or less rectangular in outline, and bears very inconspicuous mouth-parts when viewed from above.
Thorax about two-'thirds as long as abdomen. Prothorax longer than the meao- or metathorax.
Each segment of the thorax has on its dorsal surface a pair of large irregular black spots. Both the
head and thorax are clothed with long hairs. Abdomen longer than head and thorax combined,
and composed of nine segments. Each segment of the abdomen except the last one has dorsally six
tuberclea. These tubercies each bear a whorl of hair-like bristles,

Ps pa. Small, black, flattened. Wing pads prominent; equal to two-thirds the length of the
body. The pupa is clothed with hairs, moat of which arc of almost uniform length and are knubbed
at their tips. At the posterior end of the abdomen the hairs are longer and are without knobs.

AdsO. Of typical scymnid shape,
a little over a millimeter in length.
The adult is black and is well clothed
with fine white hairs. Head usually
concealed from above. Antennae not
prominent. Legs moderate, the pos-
terior pair extending to the tip of the
abdomen.

I have found the larvae of
this coceinellid in several places
in the Willamette Valley. They
are especially commOn on
violets, raspberries, beans, and
hops when these plants become
seriously attacked by mites
during the dry summermontbs.
The larvae travel about the
webs very slowly, but feed
voraciously upon the red spiders
present.

Scymnus nanus Lec.

This species was reported by
Parker as feeding on the spider
mite at Sacramento, California, in 1911. It was not present in large
numbers.

S'cymnus marginicollis Mann.

This is another scymnid reported by Parker as feeding on the spider mite
at Sacramento, California.

Probable Enemies.

Besides the large number of enemies that actually have been observed to
feed on the spider mite, or its eggs, we know of several others that have been
found associated with the mite pests, but have not been observed feeding on
them. In some of these cases, however, the habits of these species are such
that there is good reason for us to suspect that thOy feed on the spider mites.
I will mention here some of these probable enemies.
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Anystis al1is Banks.
(Fig. 24.)

One frequently finds circling about the bark of a tree or upon the surface
of a leaf a bright red creature, about a millimeter in length, and with radiate
appendages. Its movements remind one of a particle of dust driven by eddy
air currents. This little creature, with its "whirligig" habits, is a predaceous
acarid of the family Erylhro.caridae. It is found throughout the United States,
and is known to feed upon small insects and mites.

Fig. 24.A nysl is agitis Banks. (From a paper by the writer.)

At McMhmville, Oregon, I found considerable numbers of this predaceous
mite upon violets heavily infested with red spider. At Corvallis, Oregon, I
have found it present in small numbers in infested hop fields. It is known to
feed upon the hop aphis, Phorodon hurnuli Schrank, and doubtless feeds on the
spinning mites also. The young of this predaceous mite are similar in almost
all respects to the adults, except in size. Their locomotion is of the same
peculiar type.

Rhyncholophus gracilipes Banks.

This is a species of Acarina belonging to the family Erylhraeidae, the mem-
bers of which are parasitic in their larval state and predaceous in their adult
state. Of all the species of this family no particular one is more common or
more widely distributed in this country than this one. It is found ru.nning
about the leaves of all kinds of plants during the summer; while in the winter
it is most frequently found upon or under the loose bark of trees. It feeds
upon small insects and other mites.
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At Corvallis, Oregon, this predaceous mite becomes quite common during
the months of July and August, upon plants that are heavily infested with
spider mites. Although I have observed it feeding upon insects, I have not as
yet observed it feeding on our common spider mite. Its well-known predaceous
habits, and its association with the spider mites during the time of their
greatest abundance, suggests strongly that this acarid is a real enemy. It
may be described as follows:

Ada/I. Bright red in color. About 100 rum, in length, but varying much ip size. Body and
legs clothed with simple subequal bristles; Mouth-parts prominent, Chelicerae straight, needle-
like. Palpi raptorial, with stout curved terminal claw, and a movable thumb. Thumb of palpua
equal to claw in length. Eyes situated laterally above the second pair of Ies. Legs long, much
longer thsn the body. The anterior and posterior pairs subequal, and longer than the second and
third pairs. The posterior legs extend beyond the tip of the abdomen by at least one-half their
length.

Larva. Paraaitic. but its host not known.

Euthrips fuscus Hinds.

This thysanopteran was reported by McGregor as being commonly found
about red spider colonies on cotton. He states that it may be instrumental
in the destruction of mites.

Euthrips occidentalis Pergande.

This thrips was found, along with the one just mentioned, by McGregor in
infested cotton fields. It may have been preying on the spider mites.

Chrysopa quadripunctata Burm.

This lacewing fly has been reported by McGregor as being very abundant
at Batesburg, South Carolina. Its larvae probably feed on red spiders.

Tineola biselliella Hubn.

As early as 1889, Pergande reared one of the clothes moths, Tineola bisel-
liella Hubn., from caterpillars that he observed to feed upon the eggs of the
Bryobia mite. These caterpillars may also feed on the eggs of the common
spider mite.

Hippodamia convergens Gur.

This, the most common and perhaps the most beneficial ladybird beetle
in our country, is frequently found in hop fields and other fields infested with
spider mites. It is found in large numbers attacking the hop aphis, Phorodon
humuli Sohrank; the black-cherry aphis, Myzus c,ra.j Fab.; and the green
apple aphis, Aphi.s pomi De Geer. It is very probable that the young larvae
of this coccinellid will feed upon the spider mites present on any of the plants
that are also infested with these aphids.

Coccinella 9-notata Hbst.

While not nearly so common as the preceding species, this large coceinellid
is frequently found on infested leaves.
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Cycloneda sanguinea Linn.
The Blood-red Coccinelild.

By far the most common and beneficial coccinellid found in Oregon along
river bottoms, on wild roses, and in hop fields, is this sanguinary beetle. It
is shaped like one of the halves of a pill after being cut in two, and fairly glistens
in the bright sunshine.

This ladybird is found frequently in the larval and adult instars among
red spiders on various plants, and on account of its smaller size will probably
feed more frequently on mites than either of the previously mentioned species.

011a abdominalis Say.

In California this native coccinellid is abundant in some of the fields infested
by mites, according to Quayle. It is a somber colored species, being a dull
yellowish ash-gray. The head is without markings except for the black eyes.
The pronotum has the following black markings: two dashes, two pairs of
spots, and a median spot at the posterior margin. Each elytron has a trans-
verse row of four black spots at the humeral ridge, a transverse row of three
spots at its middle, and a single spot about two millimeters from its tip.

Smilia misella Lec.

The San Jose scale around the vicinity of Corvallis, Oregon, is preyed upon
by great numbers of this small black scymnid. These beetles will crawl about
over the twigs and leaves of trees where spider mites are quite abundant.

In order to find out if the adults would feed upon our common spider mite,
I placed fifteen of them on a potted apple tree that was heavily infested. For
a week I made repeated observations upon these, but I never saw any of them
feeding on the spider mites. They were quite active, and would travel about
freely over the sheet-like web that had been spun, but no feeding was noticed.
Too much emphasis should not be placed upon this experiment, however, for
it was made late in the season, when many of the adults of coccinellids were
either hibernating or had stopped their feeding for the winter season.

Associated Species Which May be Mistaken for Enemies.
Tyroglyphus lintneri Osborn.

(Fig. 25.)

We sometimes find in association with small injurious insects, mites of the
family Tyroglyphidoe. These frequently will be found feeding on carcasses of
the insect pests. They have been reported repeatedly by entomologists as
natural enemies, or parasites. They are, however, the followers of the real
destroyers, and are not agents of destruction in themselves. The members
of the family Tyroglyphidae, almost without exception, feed upon dead and
decaying matter.

They are frequently found in old cheese, in decaying corn, upon the rotten
portions of all kinds of vegetables that have been subject to fungous diseases.
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One of these mites,
Monigziella entomophaga
Laboulbene, is found in
association with the
oyster shell scale,
Lepidosaphes ulmi Linn.
Here it follows a preda-
ceous mite,Hemisarcoptes
malus Shimer, and feeds
on the carcasses left by
this destroyer.

During the summer
of 1912, I found large
numbers of one of our
common cheese mites,
Tyroglyphu.s lintneri Os-
born, associated with the
spider mites infesting
violets at McMinnville,
Oregon. Some of these
individuals were brought
to the laboratory, and
confined with live spider
mites. Here they were
observed for about three
weeks. Although they
would be frequently found
feeding on old carcasses,
not one was found to
attack the live spider
mites or their fresh eggs. Fig. 25 Tyroglyphu. 1i,,t,eri Osb.

Thysanoptera sp.

While we have recorded one species of the order Thy.sanoplera as feeding on
spider mites, it should be remembered that such predaceous habits are
exceptional for the members of this group. Many plant-feeding and injurious
thrips frequently will be found on leaves that are heavily infested with mites.
Much care should be taken in observing the habits of the thrips that are present
before they are credited with destroying red spiders.

CONTROL MEASURES.

Among the various remedial measures employed in the control of the spider
mite, the use of sulfur in some form or other is the oldest, the most common,
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and undoubtedly one of the best. However, several efficient methods are now
known. The remedial measures to be employed may be divided into two
classesmeasures of prevention, and measures of repression. In the past,
altogether too much attention has been paid to the latter measures to the
neglect of the former. This can doubtless be explained on account of our
ignorance of the habits and the seasonal history of the pest. Since these are
now known, we should expect measures of prevention to be much more gen-
erally employed in the future.

Cultural Methods.
It was the study of the host plants and migration habits that first caused

McGregor and Parker to lay emphasis upon the importance of proper cultural

methods.
Clean Culture.

In the southern states McGregor found that the spider mite occurred on
several weeds, including the pokeweed, Jerusalem oak-weed, and Jamestow'
weed. The mites were found to winter over, also, in enormous numbers, on
violets. As long as these plants were allowed to grow in or about cotton fields,
it was evident that infestation would be much more severe. For these reasons
he recommended that these weeds and host plants of the mite be exterminated.

Parker also found that morning-glory vines growing in hop fields would
harbor myriads of mites, most of which would leave their host for the hops
when the former died on account of their attacks. A block of an infested hop
yard was cleared of all extra vegetation so that the effect of clean culture
could be ascertained. In this block but few spider mites appeared.

In a large hop yard near Corvallis, Oregon, I made observations on the
effect of clean, or relatively clean, culture versus careless culture. One part
of this field was plowed more frequently than an adjoining part, with the
result that the former was almost clean of weeds and grass; the latter part had
many weeds growing between the rows and frequently large bunches of grass
near the hop plants. The part of the field that was well cleaned of foreign

vegetation was practically free from mites until hop picking time; the other
part of the field developed a serious infestation early in August. But it was
along the turning rows where the male plants were placed that the infestation
quickly developed until it was serious. Here the weeds and grass had grown
as high as one's knees by the first of July, and at this time some of the leaves
of these male plants were dead or dying from the mite attacks. The rows of
female plants next to these male plants were also much more severely injured

than the others.
These observations show without doubt that clean culture has much to

do with preventing infestation with spider mites. Of course, the wind occa-
sionally may bear mites to a hop yard or a bean patch or any field containing
host plants of the pest, and in this way cause infestation where otherwise there

would have been none. But that this need not be the case was shown by an
experiment performed here during the summer of 1913.
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Just back of an orchard infested with mites was placed a bean patch which
was surrounded for several yards with a mixed growth of clover and timothy.
This small patch was kept scrupulously clean of foreign vegetation, and the
surrounding clover and timothy was not infested with mites. During the
entire season not a single mite was found in this isolated bean patch, although
nearly all of the bean plants in the town, as well as many other plants growing
in gardens, orchards, and along roadsides were heavily infested this season.
It should be remembered that these mites are only capable of traveling short
distances, and that their means of dispersal are very limited.

Pulling of Infested Plants.

During the early stages of infestation it is frequently found advisable to
pull or destroy the plants that are found to be infested. The practicability
of this method depends chiefly upon the manner and degree of infestation and
upon the kind of plants affected. It is a method to be employed with best
success in the case of field crops which are planted in hills or rows, such as
beans, corn, or cotton. The infested plants should always be pulled before
the leaves begin to die, so as to forestall dispersion due to a lack of
sufficient food. The pulled plants should be carried to an open place and
burned.

Pruning and Stripping of Leaves.

In case of vine plants, or trees with low branches, the pruning or stripping
of leaves will frequently reduce the seriousness of infestation. Small trees of
all sorts which are surrounded by infested plants will not suffer as severely
from mite attacks if the lower branches are removed, and they are allowed to
develop a higher trunk. Older trees should have water sprouts removed;
this will also reduce the aphid infestation.

Lima beans growing on poles, hop vines, and several of the cane fruits may
receive a partial immunity from infestation by having the leaves next to the
ground removed for the first two or three feet. This will greatly aid also in
the spraying of these vines or canes, should spraying be found necessary.

Removing of Plants After Harvest of Crop.

Where it is possible, plants may be removed after the harvest of the crop.
This is especially important in the case of beans, which suffer so much from
spider mite attacks. As soon as the beans have been harvested, the plants
should be destroyed by burning or in some other manner so to prevent the
spread of the mites.

In the case of cane fruits, the old canes should be removed and burned as
soon as possible. Hop vines that have been infested should be removed and
burned immediately alter the picking of the hops.

Trap Crops.

McGregor found that a trap crop of cotton could be planted in a narrow
strip between the main cotton field and sources of infestation. This trap crop
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was plowed under after it became infested. It is probable that in the case of
threatened invasion of other crops, this method could be used. If the section
of the country considered is visited with high winds, however, during the
dispersion period, trap crops will probably be of little value.

Time of Planting.

In general, early crops suffer much less than later ones. Field crops espe-
cially, should be planted as early as possible in order that the plants may
become toughened and resistant before the period of serious attack, which
comes during the summer months. In the case of some crops, such as clover
or some of the small grains, the crop could be harvested before the days of
serious attack from the spider mites. Corn, while susceptible to mite attacks
in its early development, becomes so toughened upon approaching maturity
that the attacks of the mites do not affect it seriously.

Cultural Measures of Questionable Value.

It has been thought by some individuals that irrigation would destroy
the mites and at the same time give the plants added vigor so that they could
more successfully resist the pests. In regard to the first proposition, it is
probable that if the whole surface of the grou.nd were flooded, or even moist-

ened, at that period of the year when the mites are actively migrating, many
of them would be killed and others would be unable to leave the plants upon
which they were found. But granting that the field is flooded at the proper
time, only a very small percentage of the mites would thus be caughta per-
centage too small to make the treatment worth while.

If the soil is quite dry, however, the moisture added by irrigation will cause

the plants to put out new and tender shoots. These w'ill no sooner appear
than they will become the special objects of attack by the semistarved mites
working on the dry foliage. It is doubtful, therefore, if vigor thus added helps

the affected plants materially.
The spacing of plants so as to stop migrations is of questionable value. It

should be remembered that these mites travel easily over the ground.
We frequently observe spider mites migrating over trellis work of various

kinds, especially in the case of hops. Undoubtedly these mites migrate much
more readily along the trellis wires in hop fields than over the ground, and
the same is true for the trellis work built for some of the small fruits or vege-

tables. If the trellises were built so that there would be no connecting wires or

sticks between the different plants, it may be that the repression of mite
migrations would be sufficient to pay for the change of type of trellis. But here
again much depends upon the expense of this new type of trellis and its practica-

bility in other respects.

Rotation of Crops.
Crop rotation, one of the common methods employed where field crops are

attacked by non-migrating insects, we would expect to give exceptionally
good results in avoiding the consequences of repeated attacks of an apterous
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creature like the spider mite. Crop rotation, however, must have rather
narrow limitations in this ease on account of the great number of host plants
of this pest.

My experiments on this species have shown, however, that the common
spider mite not only has a strong preference for certain plants, but also that
it cannot successfully thrive on others. These experiments should bear fruit,
therefore, in a practical way by indicating the kind of crop rotation that should
be attempted. Among those plants that I have found to be unfavorable hosts
of Tetranychus Ic/anus Linn., might be mentioned onions, turnips, Persian
walnut, cabbage, and nasturtiums.

It is true that under very favorable conditions these plants might be injured
seriously. Under the conditions that caused many of our other plants to be
seriously injured, I found that they were almost wholly untouched.

Among field crops that might be recommended are Indian corn (if planted
early), potatoes, oats, and red clover. Truck crops that have been resistant
are turnips, onions, beets, radishes, and cabbage. Of course I do not mean to
imply that none of these plants will be attacked, but I simply mention them as
being plants which under ordinary conditions are not seriously injured.

Small grains have the advantage over many of the other field crops in that
they mature before the season of greatest injury from spider mites. The same
is partly true of potatoes and is true of several truck crops and of clover and
timothy when raised for forage.

Fumigation.

As is well known, the red spiders, or spider mites, are very resistant to
fumigation. Ordinary dosages that will kill such insects as thrips, white fly,
and aphides will affect spider mites but little. In order to find out why the

gas, and at the same
time to see if fumigation could be employed under certain conditions as a
method for eradicating it, I performed the following experiments:

To /est the resistance of trachea/c an1 atracheate mites to an ordinary fumiaIion
dosoQe. In order to test the resistance of these two types of Acorina, I selected
the common spider mite, Telnonychus tetanus Linn., as a representative of the
tracheate class, and the bulb mite, Rhizoglyphus hyacinthi Bojsd., as a repre-
sentative of the atracheate class. These two mites were placed in a section
of the College greenhouse that was seriously infested with white fly, aphis
(Myzus frogaria), and thrips. This section of the greenhouse was then fumi-
gated.

For fumigation, materials were taken in the following proportions: 1 Os.
(avoirdupois) potassium cyanide; 2 oz. (fluid) sulfuric acid; 4 oz. (fluid) water.
The capacity of the section of the greenhouse was apprmcimately 5,470 cubic
feet. The amounts of material used were: 4.125 oz. potassium cyanide; 8.25 oz.
sulfuric acid; and 16.50 oz. water.

The spider mites employed in the test were placed on eight large leaves of
&slvia. The bulb mites were placed on loose parts of an onion in a slightly
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moistened cell. Checks for both of these were placed in an adjoining section
of the greenhouse which was not fumigated. The fumigation was continued
for 15 hours. The results obtained are indicated in the following tables:

TABLE TX.SHOWING RESULTS OF FUMIGATION ON T. TELARtUS LINN.

Instar.

Adults

Number
used.

200

Fumigated.

Alive.

132

Dead

67

70

Per cent
dead.

Number
used.

34 50

Alive.

27

Check.

Dead.

20

From these figures it is noticed that not a single adult mite was killed by
the 15 hours fumigation. One larva was found dead among the individuals
fumigated, and one nymph was found dead among the individuals not fumi-
gated. Thus the fumigation cannot be regarded as having any effect upon the
spider mites.

I examined the foliage of various plants to see the effect of the fumigation
on white fly and on the plant lice. Although hundreds of individuals were
observed, not a single live one was found. One hundred per cent of these
insects had been killed.

The following results were obtained with the bulb mite:

TABLE X.SHOwING RESULTS OF FUMIGATION ON RrnZ0GLYPHUS RYACINTHI
Boiso.

Per cent
dead.

43

These results show a higher percentage of dead individuals in the check
than in the lot fumigated. The high mortality rate was due to the hot dry
atmosphere, which is very disastrous to these mites. These results, it is
observed, show that ordinary fumigation of sufficient strength to kill one
hundred per cent of the usual insects present will not be in the least effective
against the spider mite or the bulb mite. The spider mite has a tracheal
system, but it is not elaborate like the tracheal system of insects. The bulb
mite is without tracheae and in this case oxygenation takes place directly
through the body walls.

To test the relative resistance of some different species of Arthro pods to hydro-
cyanic acid gas. It is well known that certain insects; e. g., mealy bugs, have a
much greater resistance to hydrocyanic acid gas than most of the other insects.

Instars.
Fumigated. Cheek.

Per cent
killed.Number

used. Alive. Dead. Number
used. Alive. Dead.

Eggs

Larvae
Nymphs
Adults

Total indi-
viduals

114

50
40
30

f47 active larvae
j47 good eggs...

32
25
27

0
0

100

20
10
12

16 active larvae
64 good eggs...

0
0

120 54 42 27 0



In order to test the relative resistance of several arthropods I placed some
individuals representing different families in vials covered with cheese cloth,
and then placed these vials in two rows inside of a bell jar. A small amount
of gas was generated in the jar, and the time which was necessary to kill each
arthropod was noted. The following table indicates the results:

TASLE XI.SHOWING THE RELATIVE RESISTANCE oc SOME DIFFERENT ARTIIRO-
PODS TO HYDROCYANIC Acm GAS.
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Of the dozen individuals used, the house fly succumbed first, withstanding
the gas but 24 seconds. The crab spider and jumping spider withstood the gas
for the longest period, each enduring it for 3} minutes. The average length
of the period of endurance for the one crustacean and four arachnids was 2
minutes 55 seconds. The average length of the period of endurance for the
seven insects used was 1 minute 9 seconds, or less than one-half the period of
endurance of the one crustacean and four arachnids.

We may now inquire into the reason for this greater resistance of the arach-
nids to hydrocyanic acid gas. Can it be due to the fact that they do not have
a well-developed tracheal system?

In order to test further the relative resistance of some different arthropods,
I repeated the above experiment, using several individuals of each species, so
as to obtain an average for the period of time necessary to kill by means of the
gas. The following table gives some of the results:

TABLE XII.SHOWING THE RELATIVE RESISTANCE OF SOME ARTHEOPODS TO
FUMIGATION.

Common name. Scientiule name. Family. Order. Class. Time required
to kill.

Sow bug
Daddy longlegs.
House spider Theridion tepi-

dariorum Koch.

Oniscidae.

Thcridiidae,

rsopoda
Phalangida
Araneida

Crustacea.
Arachnida.
Arachnida.

2 mm. 51 sec.
42

3

Crab spider
Jumping spider.
Plant louse
Crambid moth,
Syrphus fly

House fly

Blow fly
Ladybird beetle

Ant

Myzus cerasiFab,

Sphaerophora
cylindrica Say.

Musca domestica
Linn.

Not known
Cycloneda sail-

guinea Linn.
Not known

Thomisjdae,
Attidae

Crambidae.,
Aphididae,,,

Syrphidac..,

Muscidac

Muscidae
Coccinellidae

Formicidue.,,

Araneida
Araneida
Hemiptera...
Lepidoptera..
Diptera

Diptera

Diptera
Coleoptera

Hymenoptera

krachnida
&rachnida
Insecta
Insecta
Insects.

Irisecta

Insecta
Insecta

maceta

34
31

52
1 181' 2

24

1" 4
1 26

55

Common name. Scientific name. First individual
dead in

Last individual
dead in

Average
period.

Sow bug
House spider
Daddy longlegs
Milliped
Centiped
Honeybee

Theridjon tepidariorunj Noel,

Lithobius sp
Apis mellifica

24 seconds

89 seconds
74 seconds

22 seconds
74 seconds

141 seconds
102 seconds

24 seconds
22 seconds
84 seconds

66 sec.

115 sec.
88 sec.

24 sec.
22 sec.
79 see.



In this test there appears to be a strong correlation between the suscepti-
bility to hydrocyanic acid gas and the development of the tracheal system,
together with the number of spiracles or stigmata. The centipeds and the
millipeds succumbed before any of the other arthropods, even much before the
honeybee, which among insects is very susceptible to the fumes of hydrocyanic
acid gas. This was very probably on account of their well-developed tracheal
system, which has many stigmata opening to the exterior. At any rate, the
specimens of Lithobius were the largest and the best armored of any of the
arthropods used. They are noted for having much endurance, and for over-
coming many kinds of insects. Undoubtedly then their quick destruction could
not have been on account of a frail constitution.

The individuals to resist longest the fumes of the acid were the sow bugs.
Again we see the correlation mentioned. These creatures were the only ones
used that were entirely without tracheae. The house spiders showed a great
resistance to the gas. They breathe chiefly by means of book-lungs. the
tracheal system being very poorly developed.

Why the Arachnida have a great resistanCe to po%sonous gases. These various
tests and the results obtained by others show us that in the Arachnvda we have
a general increased resistance to the fumes of hydrocyanic acid gas over that
found in the two related classes, the Myriapoda and maceta. This resistance is
very pronounced, so pronounced that it generally takes from two to four times
the length of exposure necessary for insects or myriapods to overcome arachnids.
Since this poisonous gas acts through the respiratory system, we are justified
in inquiring into the difference in thc structure and function of this system
in these classes, so as to find a clue to the reason for the great difference in
resistance found between the different classes of arthropods.

In insects we find that the tracheal system is composed of several tracheal
trunks that branch repeatedly until finally only minute filaments are found
which ramify into all parts of the body. These are brought into such close
relation to the body cells that during respiration the interchange of gases
between the former and the latter takes place directly without any intermediary
fluid like the blood. In the case of the millipeds, again we have a well-
developed tracheal system with many spiracles opening to the exterior.
Here, however, the tracheae are not brought into such a close relation with
the body cells, but the number of spiracles is greater and the tracheal trunks
are shorter than in the insects, thus facilitating the entry of air or of

poisonous gases.
In most of the Arachnida we find that respiration takes place almost entirely

through book-lungs, structures resembling the leaves of a book, between which
the blood on the inside and the air on the outside circulate. Here the air is
not brought directly to the different cells of the body, but to a local region at
the base of the abdomen. From this local region the oxygenated blood must
be carried to the body cells by normal circulation. In the Crnstacca we have
a somewhat similar respiration with the exception that gills are substituted for
book-lungs.
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Because of this fundamental difference in the methods of respiration as
found in the Crssstacea and Arachnida, on the one hand, and the Myriapoda and
Irtsccla on the other, do we not see a logical reason why the members of the
two latter mentioned groups succumb to fumigation much more readily than
the members of the two first groups? Poisonous gases entering easily through
several or many different spiracics, or stigmata, are brought to the cells of the
various parts of the body. Here their fatal action is at once felt on the vital
organs.

In the ease of the Arachnida, on the other hand, poisonous gases must
enter the book-lungs, where there is set up at once, not a general effect upon the
cells all over the body, but only a local effect upon the blood, which in turn
is carried slowly to the body cells, and vital organs. If now the fumigation
has been carried only to the ordinary point, resuscitation will take place in
arachnids after the insects have felt the effect of the poisonous gas on their
vital organs and have been killed.

Tobacco fwnigation. Tobacco fumigation is known to give no better results
against spider mites than hydrocyanic acid gas, and doubtless for similar
reasons. Mr. Lovett, of the departnient, and I fumigated a large iSolvia plant
with black leaf, making an exposure of such length as to kill most of the leaves
of the plant. At first it appeared that the mites had been killed, but later
investigations showed that they had only been stupefied, as nearly all were
revived.

The case against (he spider rnsle. These various experiments show us that
there is a strong correlation between the resisting power of arthropods to
hydrocyanic acid gas, and probably other poisonous gases, and the develop-
ment and structure of their tracheal systems. In order better to understand
the case against the spider mite, I have spent much time tracing out the
tracheal system of this acarid. The entire system is outlined in Figure 26,
and the stigmata are delineated in Figure 27. The tracheal system may be
described as follows;

The tracheal system in Tetrsnyctua dsriss l,inn. consists of two large tracheal trunks which
branch many times until a large number of capillary-like tubes are formed. These pass to theap-
pendages, to the digestive and reproductive systems, and perhaps to a few other organs. The trunks
begin at the top of the mandibular plate a little behind its middle, and pass downward to the ventral
part of the same. Here, near the base of the mandibular plate, each trunk branches into about a
half dozen small tracheal tubes. These first branches of the tracheal trunk arise at the same place.
lie adhering to each other, and pass laterally and back,vard in such a manner as to form a. curve
similar to a question mark. As the primary branches leave the mandibular plate, they become
separated, and soon divide into smaller tracheae.

The secondary and following branches coins to lie in three distinct bundles; the first of these
almost immediately curves laterally and forward, the second continues its course ba.cksvard along
the alimentary canal, and the third curves downward and forward. The second bundle of tracheae
is niuch the largest, while the third consists of but a few branches. From the first bundle I have
traced branches to the lateral regions of the cephslotliorax. I have traced two tracheal tubes of
this bundle into the anterior leg. One of these termisted at the patella and the other at the tibia.
One tube was traced into the second leg, where it terminated at the base of the tibia.

From the second bundle I have traced tracheal branches to the alimentary canal, to the gen-
erative organs, and to the posterior region of the body wall. From this bundle I find that a single
tube is sent to each of the three posterior legs. Oniy two tubes of the third bundle were traced.
They passed to the regions of the brain and the base of the mouth-parts.
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Fig. 26.The tracheal system of Tetcenychss lets
Linn. with outline of body.

tory tubes which we find in this mite with the number found in most insects,
find that their number is really

tglorius Linn.
we
however, Teiranychus hcs

Fig. 27.Stgtnal plate, or mandibular plate,
showing tracheal trunks. Greatly enlarged.

very small. Compared to most mites,
a well-developed tracheal system.
Some of the Acarina, the beetle
mites,Oribaloidea, for example,have
but from four to sixteen small Un-
branched tracheae, not one of which
passes into the appendages.

The openings of the tracheae
in the spider mite certainly are
not large; in fact, they are so
small that even with high mag-
nifications I have been unable to
find just where they come to the
surface. Undoubtedly the fact
that these openings to the exterior
are so small has more to do with
the increased resistance of the
spider mite to hydrocyanic acid
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I have never satisfied myself
as to the exact nature of the
stigmata; apparently they are
not simple, but somewhat com-
plicated. The opening of the
two tracheal trunks may be de-
scribed in the following man-
ner:

As we trace one of the tracheal
trunks upward through the mandibular
plate we 6nd that upon reaching apoint
very near the dorsal surface, it divides,
usually into two branches. One of these
is very broad and Sat: it passes laterally
and forward through the mandibular
plate for about one-third the dist.s$ce
to its tip, then it breaks up into several
tracheal tubes which pass on to the an-
terior part of the mandibular plate.
Here, apparently, they open to the ex-
terior on the ventral surface, but I ass
not sure of it. The other branch, which
is much the smallest, passes to the side
of the mandibular plate along its dorsal
surface, and then downward I have
never been able to trace this branr'h to
its end. It maybe that it doss not open
to the exterior, but I am of the opinion
that it does.

Although this tracheal sys-
tem appears to be rather well
developed, yet when we compare
the number of capillary respira-



gas than the state of development of the tracheae themselves. And again
we should remember that other factors also must enter into the resistance
of the spider mites to fumigation.

Fumigotion ineffective. With our present state of knowledge we cannot
recommend fumigation as a means of controlling spider mites. It may be
that someone will find a gas which can be safely and effectively used against
mites and other arachnids, but if their resistance to poisonous gases is due to
their type of respiration, which is fundamentally different from that of insects,
as these experiments strongly indicate, then we should not expect better results
with gases other than those now commonly employed.

Banding.

This method of repression was tried against the spider mite on hops by
Parker. He hoped to check the infestation of vines due to migrations of mites
from infested vines that had been almost killed, and hence had lost much of
their sustenance, to plants yet green and little if at all affected with mites.
He removed a few of the leaves from the vines to prevent bridging, and then
applied tree tanglefoot in three-inch bands. He found that for about three
weeks no mites were able to get past the tanglefoot. After this time the tangle-
foot became filled with sand and was not effective.

In Oregon banding has been tried to prevent the migrations of the wintering
adults of the yellow spider mite, Tetranychus flavus Ewing, from the soil and
roots of apple trees to the branches and leaves in the springtime. Professor
W. H. Lawrence states that at Hood River, Oregon, these measures did not
prove effective, on account of the fact that the mites were soon able to pass
over the bands. In this case the spinning of web was of great assistance to
the mites in passing over the sticky surface of the tanglefoot.

Even if it were impossible for the mites to pass over the bands, I am of the
opinion that this practice would have little practical value for the following
reasons:

It is too tedious a procedure for almost all kinds of crops.
Infestation due to high winds is very probable to occur anyway in most

sections of the country.
In the case of hops, cane fruits, and other plants that demand a trellis

support, migrations over the trellis work would take place unless these were
banded or unless each plant was given a separate support of its own.

Spraying.

The use of sprays has been, and probably will continue to be, the most
important method of repression employed in combating spider mites. Although
we have a long list of different materials used in sprays, yet water alone is
known to have an important value, although the way in which it acts has, in
the past, not been well worked out.
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Water.

For a very long period florists have recognized the value of free sprinkling
of water in checking the attacks of spider mites on the foliage of plants. Just
why this free use of water holds the mites in check, as a rule, has not been
considered, yet many writers say that a moist atmosphere is incompatible
to the mites. In past years I have had many opportunities to witness the
effect of free use of water on mite-infested plants both under glass and out of
doors. I may add that my observations confirm in the main the contentions
of florists in regard to the value of a free use of water. Yet I have found that
the free use of water will not invariably control spider mites.

Perkins ('97) apparently was the first to demonstrate that water in itself
was not injurious to the mites, and also that a. moist atmosphere was not
necessarily injurious to them. He submerged in water for twenty-four hours
leaves covered with spider mites. Upon being removed, the mites were observed
to be inactive; yet inside of an hour they all had revived. In order to test the
effect of a moist atmosphere, he placed infested leaves under a bell ]ar, and
saturated the atmosphere of this vessel by pouring hot water into it. At various
intervals more hot water was poured in, so that the atmosphere was kept close
to the point of saturation all the while. He found that even this severe test
had no effect upon the mites.

Perkins then demoostrated that a strong stream of water had a mechanical
effect in destroying the spider mites by knocking them from the leaves of the
plant, and so injuring them that but few returned. The value of water when
used fur this purpose is now recognized. Chittenden even shows us the proper
type of nozzle to use in order to get the best effect without drenching the beds.

But the writer is not satisfied with the explaining of all of the beneficial
results obtained by the use of water to the mechanicaL effects just mentioned.
Those of us who have lived on the Pacific Slope know how unimportant the
spider mites are during the spring and early summer. Even the hot month of
June but rarely brings withitseriousmiteattacks. But when theshowers stop
and the long late summer dry spell begins, invariably the spider mites
appear in great numbers and cause serious damage.

I have already mentioned the part played by predaceous mites in the
economy of mite control. During my work on these natural enemies, I have
had good opportunities to observe the effect of moisture in promoting the
welfare of these little warlike benefactors. Mites of the families Bdellidae and
Gamosidoe were frequently found in association with the spider mites, and
some were observed feeding on them. Most of the members of these two
families not only are favored by moist situations, but a dry atmosphere is
known to be fatal to them. This has been noted by several acarologists. \%'e

should expect, therefore, that moisture would greatly favor the development
of these mites.

This is exactly what I have observed to be the case. During the winter
rainy months, predaceous mites were nearly always found in association with
the wintering adults. Under the bark of trees, under dea'l leaves and rubbish,
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these mites were found running about. During the winter of 1911-12, I took
some statistics on the number of spider mites killed during the rainy season.
Over 65 per cent were found dead by the first of March. This winter was mild,
and it is probable that no temperatures were so low as to be fatal to the spider
mites.

Again, during the month of August, 1912, I found potted violets in the Col-
lege greenhouse to be infested with the spider mite. These were observed
several times, as I was using them in spraying experiments. I was much aston-
ished when I counted the individuals in my checks to find that 36 out of the
50 included were dead. An examination revealed the presence of scores of
individuals of Seius pomi Parrott. These predaceous gamasids were busy
running about everywhere, attacking old and young red spiders, and sucking
the contents from the eggs. The potted violets had been kept very moist by
being placed on the ground under the benches where there was much dripping
from them, and from the foliage of other plants.

Another reason why rains or moisture prevent serious outbreaks of spider
mites is doubtless because they hinder or prevent their migrations. The mites
migrate by two methodsby crawling over the ground, and by being carried
by the winds. It is well known that when mites are knocked off of foliage by
a stream of water on to a moist or spattered bed, they are pasted permanently
into the mud. This being the case, it is easy to see how rains, especially heavy
showers, would spatter mud particles on the migrating mites and paste them
fast so that they would starve. The soil would be left so damp, moreover,
that it would take hours for it to become dry enough to make the mite move-
ments over it safe.

And in the case of dispersal by winds, we find that the rain spattering on
spider webs covered by dust will paste them fast, and prevent the webs from
being blown away with mites attached. I have repeatedly found the underside
of leaves covered with webs and soil paste, the latter having been made by
the pattering of showers on the dust-laden silk of the mite.

Adhesive Sprays.

Flour posle. Of the adhesive sprays, flour paste has been tried out upon
a more extensive scale than any of the others. Voick ('03) experimented with
several adhesive materials in combination with sulfur sprays for combating
the citrus red spicier in California. He found that flour paste used with
sulfur sprays gave excellent results when applied to citrus trees. Parker ('13)
claimed that flour paste alone would give excellent results in controlling the
spider mite on hops in the Sacramento Valley, California. He reports that
flour paste at the rate of 8 to 100 or 10 to 100, killed from 99 to 100 per cent
of the mites. In all, he made some eight tests, each of which gave similar
resultsresults which appeared to demonstrate a superiority of this spray
over several of the others tried.

In hopes that this flour-paste spray would prove to be a good general spray
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for spider mites, I tried it out last summer on the brown, or Bryobia, spider
mite in the Hood River Valley, where this acarid was causing serious injury
to pear trees. The formula used was 8 pounds of flour to 100 gallons of water.
The spray was applied by means of a knapsack sprayer with a rather long spray
rod, and especial care was made to apply the solution evenly on both sides of
the leaves.

When the counts were made two days later of 222 individuals, 175 were
found to be dead and 47 to be alive. The percentage found to be dead was, there-
fore, 78.8. This did not appear to be a favorable showing, and when compari-
son was made with the check trees which were not sprayed, it was found that
under the prevailing conditions, the spray was practically worthless. In the
unsprayed check trees, out of a total of 271 spider mites counted, 210 were
dead and 61 alive, the percentage dead being 77.5, or just 1.3 per cent less
than in the case of the sprayed leaves.

A test was also made at the same time with lime-sulfur flour paste. The
flour paste was used at the strength of 4 to 100 and lime-sulfur at the strength
of 1 to 50. The lime-sulfur tested 32° Baumé. The paste was cooked over a
stove and then diluted. The following counts were made two days later:
Total number of mites counted 371
Number found to be dead 347
Number found to be alive 24
Per cent dead in check 77.5
Per cent killed by spray 71.2

1n this table, and in several of the tables that follow, the percentage of mites k11ed by the spray
under consideration is obtained by taking a percentage equal to that percentage of individuals found
dead in the check from the total number of mites counted on the treated plants, and also taking the
number thus obtained from the number of individuals fround dead on the treated plants. The
two new numbers thus obtained represent the number of live mites that should have been
present when the spray was applied, and the number of mites killed by the same. The latter
divided by the former gives the percentage killed by the spray.

This result appears to show that there is a considerable difference in the
resistance of the Bryobia mite (Bryobia pratensis Garman) and the common
spider mite to sprays.

I may add, though, that had I made the counts several days later, it is
probable that the lime-sulfur flour paste would have shown better results.
It is well known that lime-sulfur acts slowly, but over a long period of time.
It may also be mentioned that the chief reason for so many dead mites in the
checks was, as I found later, on account of natural enemies, yet undoubtedly
normal death due to senility accounted for some of the mortality.

Salt solution. It was the practice several years ago to put salt in lime-
sulfur sprays, because it was thought to increase its adhesive qualities. More
recent experiments have failed to substantiate this claim, hence it cannot be
recommended.

Lime. Volck ('03) tried putting lime as an adherent into sulfur sprays
used against spider mites on citrus trees. He found that it made a bad appear-
ance on the trees, and did not recommend it on this account.
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Soap Solutions.

The addition of soap to water increases its effectiveness by causing it to
spread better and at the same time adding adhesiveness to the film of water.

Laundry soap. Laundry soap at the rate of 1 ounce of soap to 5 gallons of
water was used in spraying carnations raised in the College greenhouse. We
applied the soap solution by means of a knapsack outfit. (See P1. V, A and B)

PLATE V
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A. Knapsack sprayer with handle on piston spray rod. B. Same used in sprayin5
carnationS for mites.



Examinations a few days later revealed a few mites present. The soap spray
applied well and was not injurious in any way to the flowers.

Whale-oil soap. I tried the relative efficiency of whale-oil soap solution
and the sulfur whale-oil soap spray on cucumbers, cantaloupes, and violets at
Corvallis, Oregon. The cucumber and cantaloupe vines were trained on strings
attached to a wire trellis, and were grown under glass. The soap was used at
the strength of 2 pounds to 50 gallons of water. For the sulfur soap solution
I used strengths according to Weldon's formula, which is flowers of sulfur,
65 pounds; water, 200 gallons; soap. 2 pounds. The results are noted in the
following tables:

TABLE XIII. SFI0wING THE RESULTS OBTAINED WITH Vt HALE-OIL SOAP ALONE.

Unsprayed. Sprayed.
Plant.

Plant.

Individuals Number Per cent Individuals Number Per cent
counted, dead, dead. counted, dead, killed.

Results spoiled in this instance by attacks of Seias porni Parrott.

These results were a surprise to me, and even yet I am not able to account
for the poor showing made for both of them. The leaves of all the plants were
very carefully sprayed both above and below even to the point of drenching.
Can it mean that too much has been claimed by others for this spray because
counts were not made on the unsprayed check plants?

In the case of my work at Hood River against the Bryobia mite, I found
people claiming great success in spraying for this mite. An examination, how-
ever, revealed in a few instances that the relief from this pest came from other
sources, for most of them disappeared at the same time from unsprayed trees.
Of course in my experiment the eggs were not killed by the spray, but since
the counts were mode the following day, this fact should have made little
difference in the percentage of dead individuals found.

Soap solutions used in other sprays. In the case of both the sulfur and the
nicotine sprays it has been found advantageous to add some soap to the spray
solution. It helps hold small particles of sulfur in suspension and it aids in
spreading the spray on the leaves of the plants.
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Unsprayed. Sprayed.

Individuals Number Per cent Individuals Number Per cent
counted, dead, dead, counted. dead, killed.

TABLE XI\T,_SFIOWING THE RESULTS OBTAINED WITH SULFUR AND WHALE-OIL
SoAp.

Cucumbers 100 14 14.0 100 28 16.3
Cantaloupes 100 24 24.0 100 69

j
58.2

Violets 50 38 72.0 50 33 00

Cucumbers 100 2.0 100 4.1
Cantaloupes I 50 8 16.0 100 62 54.8
Violets* I 35 22 61 . 1 37 22 0.0



Sulfur.
Dry sulfur. Dry sulfur has been used with best success in southern Cali-

fornia, where the mean temperature is high enough to act effectively upon it.
It is applied at night or early in the morning, so that the moisture found on
the foliage will cai.tse the small
particles of sulfur to adhere to
the leaves The dust gun
Figure 28 is used in its appli
cation, both the hand and
power guns being employed
with equal success.

It was at one time thought
that the throwing of quantities
of sulfur on the ground and the
placing of handfuls in the
crotches of trees would be suffi-
cient to check spider mites.
Quayle showed, however, that
the distance through which
sulfur acts is exceedingly short,
being in fact only a small frac-
tion of an inch. These crude
practices, therefore, should be
stopped, as they can be re-

garded only as a useless waste
of time and material. It has
also been observed that it is
equally important to get the
sulfur particles well and evenly
distributed over the leaves.

The chief objection to the - -
use of dry sulfur is that sat- Fig. 28.The hand dust gun in action. Dusting flowers

of sulfur on beans for spider mites.isfactory results depend too
much upon the weather conditions. Where there are bright sunshiny days,
with a temperature above 75°F., and nights with sufficient moisture to make the
dust particles adhere to the foliage, good results may be obtained; otherwise
the treatment will probably be inefficient.

Sulfur as a liquid spray. Although this spray has been recommended by
others, I have failed to fInd it very effective against spider mites. Some soap
should always be dissolved into the water when sulfur is applied in a spray so
that the very fine particles will not settle so readily to the bottom. The appli-
Cation should be carefully made, preferably with considerable pressure. The
figures already given in regard to the use of sulfur and whale-oil soap spray
showed how ineffective this spray was against the spider mite on cucumbers,
cantaloupes, and violets.

Pointing of sulfur on pipes in greenhouses. The writer has made a special
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effort to ascertain if this ancient and time-honored practice of florists is in
reality a practical method of combating the red spider, or spider mite. When
sulfur is heated to low temperatures, say of about 1000 F. or above, it is slowly

vaporized. This can be ascertained by placing some sulfur dust on steam-
heated radiators, where, if the vapors are confined, a strong odor of sulfur is

soon obtained. If, however, sulfur is heated to somewhat higher temperatures
without excluding air, it combines readily with oxygen to form sulfur dioxide,
which gas has the odor of burnt matches, and is deadly to vegetation

The placing of sulfur, therefore, on steam pipes in a greenhouse, and allowing
the sulfur to be vaporized, is in reality a fumigation process. The sulfur vapor
coming from the sulfur dust, eventually either in this form or in combination,
passes as a gas to the mites. On this account, I decided to test its effect as a
fumigating agent by finding out how long a certain dosage must act in a given
space to be fatal to the mites. The following experiment was performed:

Upon the steam radiator in the laboratory a pane of window glass was
placed. After thisglass had become heated, a large bell jar was placed over it.

The capacity of the jar was fotmd to be 5 liters and 480 cc. Over the glass I
now sprinkled one gram of rolled sulfur. This was at 2:30 p. m. At 4:30 p. m.,
I smelled a strong odor upon lifting the bell Jar, which showed that the heat
of the radiator was acting effectively upon the sulfur.

At 9 a. m. on the next day I placed a small cotton plant, badly infested with
mites, tmder the bell jar. In doing so I again detected the strong odor of
sulfur. At 12 o'clock the plant was examined. The mites had not been affected.
At 4:30 p. m. the plant was examined. No change was noticed. Now, the sulfur
was allowed to act all night, the next day, and the next night. The day follow-
ing the experiment was terminated. The plant showed some injury due to the
treatment, but the sulfur vapors had not been effective against the mites.

If under such conditions as this sulfur is not destructive to mites, how can
it be expected to kill them in a greenhouse, where the vapors must act at a
great distance from their source and in large spaces which are not closely
inclosed?

A more practical test was next made by painting a sulfur paste on the steam
pipes of an infested section of a greenhouse. A section of a little more than
5,000 cubic feet capacity was used for trying the effects of the sulfur. In this
section several plants were infested with mites. An adjoining section of the
greenhouse was used as a check, no treatment being applied in it.

The sulfur paste was made by adding enough raw linseed oil to the dry
sulfur to make it easy of application. One pint of this paste was applied to all
of the steam pipes in the section. This treatment was made on February 8.
On February 19 the following counts were made to ascertain the effect of the
sulfur treatment:
TABLE XV.SHOWING TUE EFFECT OF PAINTING SULFUR ON THE STEAM PTPE5

OF GREENHOUSE.
- -

- Number - L. Alive. Per cent I cent
counted. dead. killed.

Treated 704) 31 669 4.4 0.0
Check 170 9 171 5.3

i
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Eleven days of this treatment had not the slightest effect upon the spider
mites. A higher percentage of dead individuals was found on the check plants
than was found on plants in the section treated with sulfur. These experiments
show, I believe, the futility of placing sulfur on the steam pipes in attempting
to get rid of spider mites. The practice may be considered as foolish and
useless as the equally old and time-honored custom of throwing handfuls of
powdered sulfur in the crotches of trees in order to eradicate mites in an orchard.

Sulfur Compounds.
.Sulfid of potash. This spray has been effectively used against the citrus red

spider in California, and against the spider mite on cotton. McGregor recom-
mends using 3 pounds of potassium sulfid to 100 gallons of water. It is a cheap
spray, is simply prepared, kills a very large percentage of the mites, and can
be used with safety to foliage.

Calcium sulfid. This is a very useful spray, but since it is one of the essen-
tial compounds produced in the lime-sulfur sprays, it will not be given separate
consideration.

The Lime-Sulfur Spray.

This widely-used spray, at one time expected soon to become a cureall
insecticide, but now known to be rather a specific spray for certain insects,
especially small scale insects, has been experimented with by Quayle in Cal-
ifornia against spider mites. When used in combination with an adherent
or a spreader, good results have been reported as obtained through its use.

Lime-sulfur as a dormant spray. Since the common spider mite passes the
winter in hibernation away from plants that are generally affected by it during
the growing season, dormant sprays cannot easily be used against them. During
the winter of 1911-12 I made observations on the effect of lime-sulfur on the
eggs of Tetranychus mytilaspidi.s Riley, on apple trees at Corvallis. This mite
deposits its eggs singly on the twigs of the apple and other trees late in the fall.
Here they remain over winter in an exposed position.

The spray was applied late in the winter, and at somewhat greater strength
than usual. An examination a few days later revealed the presence of many
active larvae. Further observations showed that practically all of the eggs
hatched. The spray, therefore, did not act as an ovicide. I continued to make
observations for several weeks on the sprayed trees, and soon many larvae
were found dead. The percentage of dead individuals increased, until only a
relatively few were found. These few, however, lived and grew to maturity.
Later they probably would have caused some damage, but were largely held
in check by the attacks of the gamasid Seius pomi Parrott.

Lime-sulfur as a summer spray. This spray has been reported by Quayle
as giving success in California against spicier mites. In Oregon it has not given
such good results. I found this to be especially true in the Hood River Valley
in 1911 and 1912, when the mites were very injurious to apple trees. The chief
reason why it did not appear to be as effective as desired was on account of
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the web. The web of fine silk when filled with dust and cast skins appeared to
offer considerable protection to the mites.

Lime-sulfur in combination with nicotine solutions. When nicotine sulfate,
"Black Lea.f-40," is added to lime-sulfur, it becomes much more effective
against spider mites. If reports from some experiments tried with this com-
bination are true, it makes an entirely satisfactory spray.

Tobacco Sprays.

Tobacco water. Black leaf was used at the rate of 1 to 70 on infested smilax
(Myrsiphillum sp.) in order to test its effect upon the spider mite and its eggs.
Counts made two days later gave the following results:
Trn XVI.Saowixo THE RESULTS OBTAINED BY USING BLACK LEAF AT THE

RATE OF 1 TO 70.
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Black leaf, therefore, cannot be recommended when used alone. When used
with other material it may be of value.

Black Leaf-40, 40 per cent nicotine sulfate. This, a concentrated solution of
black leaf, has given some fairly good results against spider mites. Mixed

with lime-sulfur or oil emulsions, it makes a most excellent spray for red spiders.

Oil Emulsions.

Distillate or kerosene emulsion. Oil emulsion, used so effectively against
scale insects and the mealy bug, has proved to be an excellent spray against
spider mites. The following formula should give good results:
Distillate 2 gallons.
Whale-oil soap 4 pounds.
Water 100 gallons.

The soap should be dissolved in a few gallons of water by heating. The oil
is now added to the hot solution, and the mixture thoroughly agitated by
being driven back into the spray tank through the nozzle at full speed. When
emulsified make up to 100 gallons with cold water.

The "yel-ros" emulsion. There is on the market a commercial preparation
for making emulsions known as "yel-ros," which has thefollowing composition:
Phenols, 7 per cent; hydrocarbon oils, 82 per cent; inert matter, 11 per cent.
It is of a yellowish amber color, but frequently gives a rosy tint, and is quite
oily in appearance. All that is necessary to do in order to have the emulsion
ready for use is to dilute the "yel-ros" with water, and agitate it vigorously
by pumping it through the nozzle back into the spray tank. When thus agi-

tated the spray is milky and frothy. The emulsion is permanent.

Instax.
Unsprayed. Sprayed

Number
counted. Dead. Per cent

dead.
Number
counted. Dead. Per cent

killed.

Immature and adult mites
Eggs

164
166

51
13 failed

to hatch.

31.2
8.3 failed
to hatch.

338
350

258
170 failed
to hatch.

65.8
43.9



We made three tests with this commercial emulsion upon hops, using "yel-
ros" at the strength oil to 70; "yel-ros," 1 to 70 plus "Black Leaf-40," ito
2,000; and "yel-ros," 1 to 40. There was a good infestation with mites, and
the following results were obtained:

TABLE XVII.SHOWING THE RESULTS OF EXPERIMENTS WITH SPRAYS FOR

SPIDER MITES ON Hops.
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The rcsults obtained with the mixture of "yel-ros," 1 to 70, and "Black
Leaf-40," 1 to 2,000, were very gratifying. All of the applications Were more
or less effective. There was, however, a considerable burning of the foliage.
This may have been due to the method of application. I have used "yel-ros"
at these same strengths against the Bryobia mite, and have found it equally
effective, while no injury to the foliage resulted.

Methods of Applying Sprays.

Nozies. Two types of nozzles should be used against spider mites; one
for knocking them off the foliage, and another for striking them with a fine
mist. Where it is desired to wash the mites from infested plants, as is fre-
quently the case in greenhouses or in flower gardens, a simple nozzle con-
sisting of a cylindrical tube piece which is flattened at the end should be used.
This will give a thick, fan-like stream, which, while striking the mites with
much force, will not cause the drenching of the beds.

The other type of nozzle should be the com-
mon type used for applying contact insecticides
against small sucking insects. It should give a
whirling spray so that the particles of water are
broken tip into a fine mist which is applied with
as much force as possible. For work against plants
growing close to the ground, an elbow tip, Figure
29, is absolutely necessary in order to apply the
spray to the undersides of the leaves.

Method of applying. Thorough application is
the most essential point in combating the spider
mites. Where large trees with dense foliage are
to be sprayed, it will be necessary for the man
with .the rod to work inside of the tree from a
position at the crotch. 'Always the chief at-
tention should be centered on the spraying of the wsderside of the leaves,
although the upper surfaces should not be overlooked.

IllIlIllIuIlu

lilIlUllIlIll I

Fig. 29,End of spray rod,
showing elbow for spraying the
under surfaces of leaves.

Yel-ros 1-70 125 95 30 79.1 73.3
Yel-ros 1-70 plus Black Le&f 1-2000
Yel-ros 1-40

111
103

110
92

1

1!
90.1
89.3

98.9
88. 1Check unsprayed 216 23 193 10.6

Spray. Number Dead. Alive. Per cent Per cent
counted. dead, killed.



Fig. 30.The hand
atomizer. A cheap and
valuable apparatuz to
use in combating the
spider mites on potted
plants.

In the case of vine plants like hops, it will fre-
quently be found to be of advantage to remove the
leaves next to the ground, because they are hard to
reach, and usually are the worst infested. Where pot-
ted plants arc to be sprayed, the pots may be placed
in a row along a: bench, each being inclined on its side
so that the under surfaces of the leaves are presented
to the man spraying. After one side is sprayed, the
pots are revolved one-half way round so that the
unsprayed half is presented. A tin band atom-
izer, Figure 30, may be used in this case. It is a
very simple and cheap apparatus and is sufficiently
effective.

When application should be made. Sprays should be
applied as soon as the mites appear in sufficient numbers
to threaten serious injury. In all instances, unless it
be with the emulsion sprays, two applications are
necessary, since the eggs are not killed by the first
spray. These should be about ten days apart. This
will give ample time for the hatching of the uninjured
eggs, and will prevent this generation from reaching

maturity.

Summary on Control Measures, with Recommendations for
Different Crops.

Measures of prevention are more important and practical than measures
of cure.

Useless host plants, especially those that remain green during the winter,
should be destroyed.

Clean culture is the most important procedure with field and truck
crops, and usually will prevent serious infestation, although there are some
exceptions to this rule.

Crop rotation promises to be a good procedure in certain instances,
although much care should be exercised in selecting a crop that either matures
early in the season before serious mite attacks or is quite resistant to the
mites.

Trap crops, banding, and irrigation are of questionable value.
Fumigation is not effective. This appears to be due to a general resist.-

ance of arachnids to poisonous gases, which is correlated with the difference
in their system of respiration, from that of insects and some of the other
arthropods.

Spraying in general, while it will kill a large percentage of the mites if
properly done, will not give as satisfactory results as it will with most insects.
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It is especially troublesome, as it must be done in the heat of the summer, and
is expensive, since two applications must be made.

Dry sulfur has a very limited use on account of dependency upon weather
conditions for effectiveness.

Nicotine and emulsion sprays are preferable to the sulfur and lime-
sulfur sprays. The latter are at times of questionable value.

Adhesive sprays will not always give success; they probably are effect-
ive under certain local conditions.

The free use of water as a spray is to be recommended, as it knoeks
many mites from the leaves, so injuring them that they do not return; it
lowers the temperature and in this manner reduces the rate of reproduction
among the mites; it checks migrations; and, finally, it favors the multiplica-
tion of predaceous mite enemies.

The painting of sulfur on the steam pipes in greenhouses, and the throw-
lag of handfuls of sulfur in the crotches of trees, although both are practices
time honored and entrenched by custom, should not be followed. They are
useless and expensive, and give no relief from mite attacks.

Recommendations for Different Kinds of Crops and Plants.
For field crops. Clean culture. Keep down the growth of weeds and grass

in the turning rows. Destroy, if possible, winter hosts such as violets. In
some cases it will be practicable to pull all plants which first show infestation.
Crop rotation, in case of very serious attacks, may be necessary.

For truck crops and vegetables. About the same as for field crops, except
that sprays may be used. Apply spray by means of a short rod with elbow at
nozzle end. Use water freely to prevent mite migrations, and to favor natural
enemies.

For fruit trees. Use either emulsion sprays or a nicotine spray in combina-
tioo with an emulsion or a lime-sulfur spray. Apply thoroughly to the under-
side of leaves as soon as the mites become numerous. Repeat spray in week
or ten days. Destroy useless infested shrubbery or trees, so as to prevent
dissemination by means of high winds.

For greenhouse plants. Make free use of water as a spray if it can be done
without causing rust or mildew. If this precaution is taken, mites will prob-
ably not become serious. If spraying is necessary, use a soap solution or a sulfur
soap spray. Potted plants should be arranged on a bench for spraying. Repeat
the sprays until mites are checked.

For garden flowers. Use water freely and with force, if this can be done
without inducing fungous disease. If water cannot be used in quantities, use
a soap or flour-paste spray. Prevent infestation from fence corners and adjoin-
ing lots by destroying weeds and cutting grass.

For shade trees and ornamentals. If the plants are not too high, sprays may
be used. Removing of low or dangling branches and keeping vegetation cut
down close about the trunks will probably prevent infestation. Evergreens

87



and plants with hard leaf tissues are as a rule not seriously attacked by the
common spider mite. There are other species, of less importance, however,
that will affect such trees.

BIBLIOGRAPHY.

ATKINSON, G. F.
1888. Rept. S. C. Agri. Exp. Sta., pp. 28-29. Reference to red spider on

cotton.
BANKS, N.

1894. "Some New American Acarina." Trans. Amer. Ent. Soc., Vol. XXI,
pp. 209-222. Reference to Tetranyehidae; pp. 217-218.

1900. "The Red Spiders of the United States." Bul. No. 8, Tech. Series,
Div. Ent., U. S. Dep't Agri., pp. 65-77, Figs 1-16.

1904. "A treatise on the Acarina, or Mites." Proc. L S. Nat. Mus., Vol.
XXVIII, pp. 1-114.

1907. 'A Catalogue of the Acarina, or Mites, of the United States."
Proc. P. S. Nat. Mus., Vol. XXXII, pp. 505-625.

1912. "New American Mites." Proc. Ent. Soc. Wash., Vol. XIV, pp.
96-100. Pis. I, II.

BERLESE, A.
1880. "Acari, Myriapoda et Scorpiones hucusque in Italia reperta..'' Pa-

tavi a.
BoIsDuvAL, A. M.

1867. Essai sur l'Entomoiige Horticole. Contains 648 pages and 124
figures. References to red spiders, pp. S2-93.

CANESTRINI, G.
1885-1897. "Prospetto deli 'Acarofauna Italiana." Padova. Seven parts.

CASEY, T. L.
1893. Annals N. Y. Acad. Sci., Vol. VII, p. 381. Describes Oligola on-

formis Casey as ,Somolium oviforme.
CHITTENDEN, F. H.

1901. "Some Insects Injurious to the Violet, Rose, and Other Ornamental
Plants." Bul. 27, New Series, Div. Ent. U. S. Dep't Agri., pp.
35-42, Figs. 9-14.

1909. "The Common Red Spider." Cir. 104, Bur. Ent., U. S. Dep't Agri.,
pp. 1-11, Figs. 1 4.

COCKERELL, T. D. A.
1902. Nature, Oct. 16, p. 608. Reference to ?'elranychus verbesinoc.

DAVIS, G. C.
1893. "Celery Insects." Bul. 102, Mich. Agri. Exp. Sta., pp. 23-52, Figs.

1-20. Reference to red spider, p. 51.
DAVIS, J. J.

1910. "Insect Notes from Illinois for 1909." Jour. Econ. Ent., Vol. III,
pp. 180-187. Reference to 'J'etranychus on pp. 181 and 186.

DONNAD[EU, A. L.
1875. "Recherches pour servir a l'Histoire des Tetranyques." Annals

Soc. Linn. Lyons, Vol. XXII, pp. 29-180, PIs. 1-12.
DUFFEY, J. C.

1891. Trans. St. Louis Acad. Sci., Vol. V, pp. 540-542. Gives an account
of Scymnus puncturn Lee.

88



Essia, E. 0.
1913. "Injurious and Beneficial Insects of California." i'vlonthly Bul.

State Corn. Hort., Vol. II, Nos. 1 and 2. Reference to red spiders,
pp. 6-10, Figs. 9-11.

EWING, H. E.
1909. "A Systematic and Biological Study of the Acarina of Illinois."

The University Studies, Univ. of Ill. Bul., Vol. VII, No. 14. Ref-
erence to Tetranychidae, pp. 81-85, text Fig. 3, Fl. III, Fig. 17.

1912. "Notes on the Molting Process of our Common Red Spider (Te-
tranychus lelarius Lion.)." Ent. News, Vol. XXIII, pp. 145-148,
Pl.X.

1912. "The Occurrence of the Citrus Red Spider (Teiranychus mylilaspidis
Riley) on Stone and Fomaceous Fruit Trees in Oregon." Jour.
Econ. Ent., Vol. V, pp. 414-415.

1913. "New Acarina, Part I." Bul. Amer. Mus. Nat. Hist., Vol. XXXII,
pp. 93-111, Fig. 9.

1913. "The Taxonomic Value of the Characters of the .Male Genital Arma-
ture in the Genus Teiranychus Dufour." Annals Ent. Soc. Amer.,
Vol. VI, pp. 453-460.

FOROES, S A., and HART, C. A.
1900. "The Economic Entomology of the Sugar Beet." Bul. 60, Ill. Agri.

Exp. Sta., pp. 397-532. Reference to red spiders, pp. 406-407.
GAl-IAN, A. B.

1907. "Greenhouse Pests of Maryland." Bul. 119, Md. Agri. Exp. Sta.
Reference to Tetranychus, pp. 20-21.

GALLOWAY, B. T.
1899. Commercial Violet Culture. pp. 190-198.

Gi.ovEn, T.
1855. "Insects Frequenting the Cotton Plant." Agri. Report, pp. 64-119,

PIs. VI-X. Reference to red spiders, p. 79, P1. VI, Fig. 7.
GOFF, E. S.

1897 "The Culture of Native Plums in the Northwest.'' Bul. 63, Wis. Agri.
Exp. Sta. Reference to Tetranychus telarius Linn., p. 16.

HARVEY, F. L.
1892. "The Two-Spotted Mite." Aimual Rept. Me. Agri. Exp. Sta., pp.

133-146, P1. III.
HILLMAN, F. H.

1898. "Some Common Injurious Insects of Western Nevada." Bul. 36,
Nev. Agri. Exp. Sta., Reference to Tetranychus tetanus Lino., p. 39.

LINNAEUS, C.
1761. Fauia Suecia. Reference to Tetranychus tetanus, p. 481.

MARLATT, C. L.
1900. "The Scale Insect and Mite Enemies of Citrus Trees." Yearbook

U. S. Dep't Agri. Reference to six-spotted mite, pp. 289-290,
Fig. 33.

1903. "Scale Insects and Mites on Citrus Trees." Farm. Bul. 172, U. S.
Dept Agri. Reference to six-spotted mite, pp. 41-42, Fig. 34.

MCGREGOR, E. A.
1912. "The Red Spider on Cotton." Cir. 150, Bur. Ent., U. S. Dep't Agri.,

pp. 1-13, Figs. 1-5.
1913. "The Red Spider on Cotton." Cir. 172, Bur. Eot., U. S. Dep't Agri.,

pp. 1-22, Figs. 1-12.

89



MORGAN, H. A.
1807. "Observations on the Cotton Mite." Bul. 48, La. Agri. Exp. Sta.,

pp. 130-135.
MURRAY, A.

1877. "Economic Entomology; Aptera." South Kensington Museum Sci-
ence Handbooks. London. Contains 433 pages and numerous
figures. Reference to red spiders, pp. 97-120.

OUDEMANS, A. C.
1910. "A Short Survey of the More Important Families of Acari." Bul.

Ent. Research, Vol. I, pp. 105-119, Figs. 1-22.
1911. "Acarologiscbe Aanteekeningen XXXV." Entomologische Bench-

ten de Nederlandsche Entom. Vereen., Deel III, No. 57, pp.
118-126.

PARKER, W. B.
1913. "The Red Spider on Hops in the Sacramento Valley of California."

Bul. 117, Bur. Ent., U. S. Dep't Agri., pp. 1-41, PIs. 1-VI, Figs. 1-9.
PARROTT, P. J., H0DGKI5S, H. E., and SCHOENE, W. J.

1906. "The Apple and Pear Mites." Bul. 283, N. Y. (Geneva) Agri. Exp.
Sta. Seius pomi Parrott described.

PARRorr, P. J., and ScH0RNE, W. J.
1910. "Experiments with Home-made Concentrated Lime-sulfur Mixtures."

Bul. 330, N. Y. (Geneva) Agri. Exp. Sta., Reference to red spider,
p. 474.

PERGANDE, T.
1882. Psyche, Vol. III, p. 381. Thrip sexmaculata Perg. recorded as

enemy to red spider.
PEREINS, C. H.

1897. "The Red Spider." Report of the Entomologist, 10th Annual Rept.
Vt. Agri. Exp. Sta., pp. 75-86, Figs. 1-4.

QUAYLE, H. J.
1912. "Red Spiders and Mites of Citrus Trees." Bul. 234, Calif. Agri.

Exp. Sta., pp. 483-530, Figs. 1-35.
1913. "Some Natural Enemies of Spiders and Mites." Jour. Econ. Ent.,

Vol. VI, pp. 85-88.
C. V.

1889. "The Six-Spotted Mite of the Orange." Rept. of Entomologist, U. S.
Dep't Agri. In Annual Rept. Dept. Agri. for 1889, pp. 340-345,
P1. II.

1890. "The Six-Spotted Mite of the Orange."
225-226, Fig. 44.

RUSSELL, H. M.
1908. "Experiments for the Control of

ranychus bimaculatns Harvey).'
377-380.

SAUNDERS, WM.
1880. "Entomology for Beginners." C

SHIMER, H.
1869. Trans. Amer. Ent. Soc., Vol. II, p

Shimer.
SWAINR, J. M.

1909. First Annual Rept. Quebec Soc. fo
and Diseases, pp. 18-19.

90

Insect Life, Vol. II, pp.

the Red Spider in Florida (Tel-
Jour. Econ. Ent., Vol. I, pp.

in. Ent., Vol. XII, pp. 237-239.

320. Refers to Tetranychus acerie

r Protection of Plants from Insects



TITUS, E. S. G.
1905. "The Cotton Red Spider." Cir. 65, Bur. Ent., U. S. Dep't Agri.,

pp. 1-5.
TRUrrBLE, R. E.

1912. "Fruit Trees Damaged by the Red Spider." Better Fruit, Vol. VI,
PP. 27-28.

VOLCK, V. H.
1903. "Sulfur Sprays for Red Spiders." Bul. 154, Calif. Agri. Exp. Sta.,

pp. 1-11, Figs. 1-3.
1913. "The Control of Red Spiders." Monthly Bul. State Corn. Hort.,

Vol. II, pp. 356-363.
%VELDON, G. P.

1909. "Two Common Orchard Mites." But. 152, Cob. Agri. Exp. Sta.,
pp. 1-12, Figs. 1-7.

1910. "some Insects and Mites Attacking the Peach in Colorado." But.
169, Cob. Agri. Exp. Sta. Reference to red spiders, pp. 10-13.

WILSON, H. F.
1911. "Notes on the Red Spider Attacking Cotton in South Carolina."

Jour. Econ. Ent., Vol. IV, pp. 337-339.
W000woaTu, C. W.

1902. "The Red Spider of Citrus Trees." But. 145, Calif. Agr. Exp. Sta.,
pp. 1-19, Figs. 1-5.

WOR5HAM, E. L.
1910. "The Cotton Red Spider." But. 92, Ga. Agri. Exp. Sta., pp. 135-141,

Pbs. (colored) I-V.

91



TABLE OF CONTENTS
Page

INTRODUCTION 3
HISTORICAL 4
SYNONYMY 6

A few notes on European synonymy 6
American synonyms of the common spider mite 7
Summary on synonymy 13

LIFE HISTORY AND DESCRIPTION OF DIFFERENT INSTARS 14
Egg 14

Number of eggs laid by a single female 14
Rate of deposition 14
Length of incubation period 15
Percentage of eggs hatching 16
Description of egg 16

Larva 16
Habits 16
Length of larval stadium 16
Description of larva 18

Protonymph 18
Habits 18
Length of first nymphal stadium 18
Description of protonymph 18

Deutonyrnph 18
Habits 18
Length of second nymphal stadium 18
Description of deutonymph 20

Adult 20
Length of adult stadium 20
Description of female 20
Description of male 21

GENERAL BIOLOGICAL N0'rES 21
The spinning process and use of web 21
Average length of life period 22
A few notes on embryonic development 22
Molting process 24
Parthenogenesis 24
Sex ratios
Time and method of copulation 26
Methods of dispersion 27

COLOR PIGMENTS AND COLOR VARIATIONS 29
The different colors observed in our common red spider 29
Field observations on color changes 29
Variations due to host plants 31
Various tests with the colors and pigments found 33

Green 33
Yellow 34
Orange 35
Carmine 36
Black 36
Brown 38

All the common color variations obtained among the first and second
generation descendants of a single female 38

Summary on color variations 38
DISTRIBUTION 39

Geographical distribution 39
Distribution according to host species

02



Page

NATURE OF INJURY 43
Injury to field crops 44

Clover 44
Hops 44
Cotton 44

To truck and garden crops 44
Tomatoes 44
Beans 44

To fruit trees 44
Cherry trees 44
Apple trees 48

To greenhouse plants 49
Carnations 49
Chrysanthemums 49
Eggplants 50
Various greenhouse plants 50

To garden flowers 50
Roses 50
Violets 50

To shade trees and ornamentals 51
Maples 51
Evergreens 51
Ornamentals 51

SEASONAL HISTORY 52
NATURAL ENEMrES 53

Predaceous and parasitic enemies 53
.Seius pomi Parrott 53

Egg 54
Larva 54
Nymph 54
Adult 54

Scololhrips sexmoculolus Pergande 55
Triphlps insidiisus Say 55

Nymphs. 56
Adult 56

Convent2ia hageni Banks 56
Hemerobius pacificus Banks, the brown lacewing 57
Chrysopa californica Coq., the green lacewing 57
Chrysopa rufilabris Burm 58
Arthrocnodax occidentalis Felt 58

Larva 59
Adult 59

Syrphus fly larvae 59
Oligota oviformis Casey 59
Stethorus picipes Casey 60
Stelhorus punctum Lee 60

Egg 61
Larva 61
Pupa 61
Adult 61

&ymnus nanus Lee 61
&ymnus marginicolli.s Mann 61

Probable enemies 61
Anystis agilis Banks 62
Rhyncholophus gracilipes Banks 62
Euthrips fuscus Hinds 63

93



94

Page

Eulhrips oceidentalis Pergande 63
Chrysopa quadripunclala Burm 63
Tineola biselliela H(ibn 63
Hip podamia convergens Guér 63
Coccinella 9-notata Hbst 63
Cycloneda sanguinea Linn., the blood-red coccinellid 64
011a abdominalis Say 64
Smilia misella Lec 64

Associated species which may be mistaken for enemies 64
Tyroglyphus linlusri Osborn
Thysanoplera Sp 65

CONTROL MEASPRES 65
Cultural methods 66

Clean culture 66
Pulling of infested plants 67
Pruning and stripping of leaves 67
Removing of plants after harvest of crop 67
Trap crops 67
Time of planting 68
Cultural measures of questionable value 68

Rotation of crops 68
Fumigation 69

To test the resistance of tracheate and atracheate mites to an
ordinary fumigation dosage 69

To test the relative resistance of some different species of arth-
ropods to hydrocyanic acid gas 70

Why the Arachnida have a great resistance to poisonous gases.. 72
Tobacco fumigation 73
The case against the spider mite
Fumigation ineffective /5

Banding 75
Spraying 75

Water 76
Adhesive sprays

Flour paste 77
Salt solution 78
Lime 78

Soap solutions
Laundry soap
Whale-oil soap 80
Soap solutions used in other sprays 80

Sulfur 81
Dry sulfur 81
Sulfur as a liquid spray 81
Painting of sulfur on pipes in greenhouses 81

Sulfur compounds 83
Sulfid of potash 83
Calcium sulfId 83

The lime-sulfur spray 83
Lime-sulfur as a dormant spray 83
Lime-sulfur as a summer spray 83
Lime-sulfur in combination with nicotine solutions 84

Tobacco sprays 84
Tobacco water 84
Black Leaf-40, 40% nicotine sulfate 84



Page

Oil emulsions 84
Distillate or kerosene emulsion 84
The "yel-ros" emulsion 84

Methods of applying sprays 85
Nozzles 85
Method of applying 85
When application should be made 86

Summary on control measures, with recommendations for different
crops 86

Recommendations for different kinds of crops and plants 87
For field crops 87
For truck crops and vegetables 87
For fruit trees 87
For greenhouse plants 87
For garden flowers 87
For shade trees and ornamentals 87

BIBLIOGRAPHY 88

95




