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manuscript is a study of the life history and habits of the North Amer-
ican fever tick, together with notes on other species. The work upon

which this bulletin is based was begun in July, 1905, after practically
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the important parasite which transmits Texas or splenetic fever of

cattle. Prof. II. A. Morgan, director of the Tennessee Experiment
Station, has given valuable advice during the progress of the work.

The paper contains information of great value in the practical work
of tick eradication. I therefore recommend that it be issued as

Bulletin No. 72 of this Bureau.

Respectfully, C. L. Marlatt,

Acting Chief ofBureau.

lion. James Wilson,

St </< tary of\ Vgriculture.
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INFORMATION CONCERNING THE NORTH AMERICAN FEVER TICK,

WITH NOTES ON OTHER SPECIES.

INTRODUCTORY.

It is safe to state that no more important problem than the eradi-

cation of the cattle tick ( Margaropus " annulatus Say) confronts the

farmers of any country. Not only the cattle-raising industry, but

the whole economic condition of a large section of country is affected.

The tick, without any but the most limited power of locomotion,

and for all practical purposes dependent upon cattle for its existence

and dissemination, presents a problem in eradication of a hopeful

nature. Cattle are under the control of man. Therefore, the prob-

lem is quite different from that involved with other pests, like the

boll weevil, which by flight spread over large areas of land. In the

one case absolute eradication is possible and in the other it is out of

the question. In fact the possibility of the total extermination of

the tick in this country is by no means visionary. It was foreseen

originally, probably, by Dr. Cooper Curtice, who wrote as follows in

1896 : ''I look most eagerly for the cleansing of even a certain portion

ol the infected territory under the direct intention of man, for it

opens the way to pushing the tick back to the Spanish Isles and
Mexico, and liberating cattle from disease and pests and the farmer

from untold money losses. Let your war cry be, Death to the

ticks." 6

In view of these facts it is evident that the most complete knowl-

edge of the habits and life history of the tick is of the utmost impor-

tance. All means of eradication must depend upon such knowledge,

and improvements in present methods must depend upon additional

information regarding the tick. Dr. Cooper Curtice, who will be

(pioted frequently, because he has been among the foremost in the

study of the problem, has written as follows: ''To the scientist

Btudying the tick to learn its life history, habits, form, and anatomy,

a Neumann has shown that the generic name Boophilus of Curtice must, in obedi-

ence to the zoological law of priority. i' ; ill as a synonym of the earlier name, Marga-

ropus of Karsch.

frjourn. (on,,,. Med. and Vet. Archives, Vol. XVII, p. 055.
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10 NORTH AMERICAN F i:\KK TICK AND OTHER BPECIES.

the fact' thai these animals are pests to the stockman throughout

the greater pari of the year is of very little importance, while the

latter care- little aboul such matters if he can only learn how to rid

his cattle of them. Vet it is only by learning the life history that

remedies to prevent them can be applied intelligently, and the fact

that the knowledge attained is of practical value adds a double

interest to their study."

In view of the evident importance of the work it is surprising that

so little has been done in this country. In 1892, about a year pre-

vious to the issuance of Smith and Kilbome's epoch-ma,king bulletin

demonstrating the tick transmission of fever. Dr. Cooper Curtice

published the first data regarding the life history of the cattle tick

as Bulletin 2 1 of the Texas Agricultural Experiment Station. It

was accompanied by excellent illustrations. The value of this work

will be understood from the fact that it was of a pioneer character,

and that all subsequent work has depended upon it. Nevertheless,

it was of a preliminary nature and merely outlined matter- that

must eventually receive the most careful investigations.

Prof. H. A. Morgan, principally in bulletins 51 and 56 of the Louis-

iana Experiment Station, has added greatly to our knowledge of the

cattle tick as well as other species. His work has such practical

hearings that it has been the chief indication of the value of life-

history studies in pointing out successful methods of eradication.

Recently Messrs. Wilmon Newell and M. S. Dougherty, of the Louis-

iana crop-pest commission, have published a valuable contribution

which still further shows how every fact relating to the tick can be

utilized in combating it.

The above are the principal publications by American workers.

There are many others which also contribute important facts. Among
these are Connaway's, Schroeder and Cotton's, Ransom's, and others.

In other countries excellent work has been done on related forms. In

South Africa Prof. C. P. Lounsbury has made scholarly studies of

Margaropus (BoopTiilus) decoloratus and many other species. In

Argentina, Dr. F. Lahille has recently published the results of some of

the most exhaustive work on ticks that has been done. These works,

with others, are listed in the bibliography at the end of this bulletin.

Notwithstanding the studies that have been conducted in this

country, it must be stated that our knowledge of the tick is far short

of what it should be. There is a lack of knowledge of local variations,

(]\\o to climatic influences, as well as such matters as dissemination.

To supply this deficiency, the Bureau of Entomology, in cooperation

with the officers of several experiment stations, has undertaken a

"Tex. Aut. Exp. Sta. Bui. 24, p. 238.
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careful study of the tick. Some of tin* results of practical bearing

are given in the following pages and others will be published From

time to t ime.

The writers desire to express their thanks to Prof. II. A. Morgan,

director of the Tennessee Agricultural Experiment Station, for man}
most valuable and courteous suggestions in the course of this work.

He has turned over to the writers many of his original notes and has

generously assisted in uumerous other ways.

LOSSES OCCASIONED BY THE CATTLE TICK.

Undoubtedly the popular idea of the damage caused by the cattle

tick concerns Itself with the actual death of cattle from the disease

transmitted by the tick. Although this is a very important matter

and would fully justify the most energetic attempts toward the

eradication of the tick, it is really unimport ant in comparison with

the other losses. Mr. Augusl Mayer, a practical cattle breeder of

Shreveport, La., and Dr. ,1. R. Mohler, of the Bureau of Animal

Industry of this Department, have made most careful, comprehensive

estimates of the losses caused by ticks. The following- summary is

taken largely from their writings:

1. Loss by death from disease in young animals and those removed
from temporarily tick-free localities (as, for instance, in cities) to

places where they become infested. The enormous loss under this

heading will be understood when it is recalled that every bovine

animal in the tick area must suffer an attack of fever if it becomes

infested with ticks. In an instance that came to the attention of the

writers. 39 out of 40 calves dropped in a city died of tick fever when
removed to an infested pasture.

2. Loss in weakened condition and stunted growth caused by the

fever.

."». Loss by gross tick infestation. At the present time (March,

1907) hundreds of cattle in south Texas are dying from gross infesta-

tion resulting from a mild winter. In extreme cases, Mr. Mayer
estimates that as main as 200 pounds of blood may be withdrawn
from the host during a single season. This makes a gain in weight

impossible even in the best of pastures. Moreover, Prof. II. A.

Morgan and other observers believe that gross infestation and the

consequent general debility induce acute attack of fever even in

animals ordinarily immune.
1. The tick make- hazardous the importation of pure-bred cattle.

This prevents the upbuilding of southern cuttle and at the same lime

largely deprives t lie northern breeder of a market that he should have.

Moreover, the inability of the .-out hern breeder to exhibit his stock in
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the north and of the northern breeder to exhibit his in the tick area is

a handicap, the importance of which will be readily seen.

5. The necessary restriction- in the shipping of southern cattle

also handicap the breeder and ailed the price.

(i. The maintenance of the quarantine involves considerable annual

expense for the protection of the cattle owners north of the line.

7. Minor losses may be grouped as follows: (a) In Texas, especially,

the tick induces the attack of the screw-worm fly (ChryeoTnyia m<ic<I-

hii'ii! Fab.)j (b) there seems to be, as pointed out by Mr. Mayer, a

considerable interference with the fecundity of infested cows: (c) the

railroads are put to the expense of disinfecting car- and maintaining

separate pens and the stockman to the expense of dipping—items

which react on the price that southern cattle bring.

All the losses that have been mentioned total approximately

$100,000,000 each year. At present the loss, as indicated by Doctor

Mohler, amounts annually to at least 10 per cent of the value of the

cattle. The quality of the animals is the lowest and the loss is great esl

in the regions where the natural conditions without the tick should

produce the finest cattle with the least loss. But the damage may be

better expressed by the statement that the tick makes profitable

production practically impossible in the South. Any successful

system of agriculture must rest upon a diversification of crops, and

this, in turn, depends upon animal husbandry to maintain the fertility

of the soil. Therefore, until the tick is eradicated or placed under

control, a rational system of agriculture in the infested area is out of

the question, and that achievement would mean almost as much to

the North as to the South.

THE LIFE HISTORY OF TICKS IN GENERAL.

The following general statement regarding the life history of ticks

is taken from Salmon and Stiles

:

a

Ticks arc temporary parasites, attacking mammals. birds, and reptiles. They do

not appear to be so strictly confined to certain hosts as do parasites in general. Still.

this may be more of an apparent than a real rule. Certain it is that, although a given

ti'k may he found occasionally on animals which are very dissimilar (dog ticks have,

for instance, been found on Bnakes), -iill the various species show a decided predilec-

t ion for certain ho~i~.

The parasites copulate during the period of parasitism h and suck the blood from

their hosts. The female grows to a large size and eventually drops to the ground and

" Seventeenth Ann. Rept. bureau of Animal Industry. U. S. Dept. Agric, p. 398.

& This is not invariable. Amblyomma americanum sometimes copulates — o after

the second molt, but before ii has gained a host. It is likely that other species also

lonally do so.—W. D. II. and W. A. H.
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lays numerous eggs, which are usually nunc or less clustered together. The^arva

upon hatching possesses three pairs <>f legs, the fourth pair being added during the

first molt. Either the hexapod or the octopod form maj attack its host.

From the foregoing it will be seen thai the cattle tick, Like other

ticks, passes through the following stages: Egg, larva (six-legged

form) . nymph, and adult

.

The eggs are nearly round, dark brown in color, and deposited in

large masses, held together by the gummy secretion with which the

female coats each egg as it is deposited.
r

I ne next stage*, known as

the >oi^\ tick, differs remarkably from the later stages in the fact thai

si\ instead of eight legs are present.
r

I ne stigmata are located be-

tween the second and third coxa\ just anterior to the third coxa 1

,

and problematic indications are seen between the 6rs1 and second

coxa 1

. Xo distinct genital or anal opening can be seen in this stage.

The anterior legs are much larger than the others. They are waved
violently through the air when the seed ticks are disturbed either by the

approach of a host or in any other way. After some time the seed

tick molts and the next, or nymphal stage, is provided with eight

legs. The absence of the genital opening will differentiate this stage

from the following one. Ticks in the njmphal stage are frequently

referred to in the South as " yearling ticks." After a second molt

the adult form is reached. Copulation then takes place, and after

engorgement the female drops to the ground for the purpose of depos-

iting eggs.

THE LIFE HISTORY OF THE CATTLE TICK.

As pointed out by Morgan the most important fact about the cattle

tick ( Margaropus annulatus Say), from the standpoint of practical

control, is that the time of development on the animal is always shorter

than the total of the preoviposition, oviposition, and incubation

periods. This gives the farmer an opportunity .to free his cattle and

pastures of ticks by the same process of rotation. As a foundation

for the surest and most economical procedure an accurate knowledge

of the variations of the periods in the life history of the tick under

different conditions is absolutely essential. Our effort in this bulletin

is in a measure to supply this information. The work has been prin-

cipally to obtain data necessary in the pasture eradication and feed-

lot systems of eradication. We have consequently studied the devel-

opment of the tick both dining its existence on the animal, by means
of a steer procured for that purpose, and during its life, under various

conditions, when not attached to the host.
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PERIOD PREVIOUS TO OVIPOSITION.

The cattle tick, like other species, passes through a distinct period

between the time of dropping From the host and the beginning of op-

position. When the tick drops, the eggs are not ready to be depos-

ited, I >iit musl pass from the ovary through the oviduct. (See 6g. 1 .)

Thus there is a definite physiological basis for a period which has a

very practical bearing on plans of eradication thai depend upon a

knowledge of the exact time

to be allowed in removing
cattle from one inclosure to

another. Lahille has used

the term " prootoquie " for

this period, but we shall refer

to it merely as the preovipo-

sition period.

As will be seen from Table

I the preoviposition period

ranges from 2 to 40 days.

depending upon tempera-

ture.. In the summer it

averages between 3 and 4

days, and in winter over 20

days.

It might be supposed that

the data in the table referred

to show a preoviposition pe-

riod longer than normal on

account of the removal of

the ticks artificially. How-
mghiy ever, only ticks about to drop

were selected, and repeated

tests with ticks actually dropped showed that the method followed

gives the natural preoviposition period.

Fig. 1. Genital apparatus cf Margaropus micro/tins: a

Position of eggs al time of dropping of tick from host

h. position of eggs when oviposition begins.

magnified (redrawn from Lahille).

OVIPOSITION PEBIOD.

As will be seen from Table !. the period occupied in oviposition

ranges from 6 to 70 days, depending upon the temperature. In the

summer it averages 10 or 11 days, while in the winter it is two or

three t Lmes as Lone.
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T\in i: 1. Oviposition of Margaropus annulatus, July, t905, to July, 1906, at

Dallas, Tex.

When collected.

Jul)
A.ug. 3..

Sept. 18

Bepl . 27

Oct. 12.

Nov. 6.

Dec. 6..

1905.

i..

Feb.
Feb.
Mar.
\ P r.

Apr.
M.,\

May
Jurii

.in i(

July
July

To+h1...
A.ver»sp.

\'\<-o\ [position
period.

B
3
=

s

3

I

3
6

15

II

Days,

S§

Duns
2.9
3. .">

3. I

3.0

11.

9

28.6

21.8
is.7

9.8
4.8
5. 4

7.8
4.3
3.5
3.5
3.9
3.1

Ovlpositl
period.

Days.
i:i

II

is

19

ll

i,i

70

Da us.

6

7

L2

l-.i

21

21

20

S hi

- a

- >

Day8.

8. •_>

9.0
L5.0

L9.0

30. 7

39.

9

12.6

29. S

38.9
23. 4

21.8
L5.6

14. G

12.6

10.9
11.7

11.0
10.4

Period from drop-
ping to end oi

POSH it'll.

Days
1

1

13

20
21

IN

79
90

Days.
8
n
I I

•21

21

33

Day8

ll. o

L1.8
17.0

21.0
32.

50.8
71.0

.Ml..",

17. 8
30.2
25. 7

20.0
21.4
16.4
13.4

14.2
13.9
12.5

Numb
tick.

3,801

2,228

3,875
2,311

2,689
3,946

2, 134

:;. 196

2, 437

2,260

3, 112

2,676
:;. iso

2. ssi

2, 467
2,292
2,397

5 1

5

I.

2,365
694
so:,

164

147
10

1,118
I.2S1

2. L97

1,701
1,391

152
843

1,135
i i

Eggs.
1 . 1 85

1.071

1,891

1 , 779

695
2,009
1,941

1,658
2,891
2,251

2,250
1,802

1,950
1,837

2,068

• 199

1,0! 1.7

From Table I the following important, practical data are obtained:

1. The preoviposition period ranges from about 3 days in summer
to as many as 28 days in winter.

2. The oviposition period ranges from between 8 and 9 days in

summer to 42 days in winter.

3. The total period from dropping to the end of oviposition ranges

from 11 days in summer to 71 days in winter.

It should be noted that Table I gives the total period from drop-

ping to the end of oviposition based upon the weighted averages

of the preoviposition and the oviposition periods. Therefore the

maximum total period may be somewhat longer than indicated, as,

for instance, in cases where either the preoviposition or the oviposi-

tion for some reason are prolonged beyond the average.

EGG STAGE.

The eggs are generally elliptical, but vary in shape on account of

pressure and drying. In color they are at first honey-yellow, but

soon change to. a deep yellowish brown. They arc shin)' and

smooth. The average size in a lot of 10, measured by a micrometer,

was 0.54 by 0.42 mm. About the middle of the incubation period

in many species a whitish spot appears on the eggs and becomes more
conspicuous as the time for hatching approaches. This spot is
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located toward one end and seems to be due to the excretion of the

embryo. In Margawpus annulatus it is very conspicuous and is a

certain indication of viability.

The act of ovipositiori is mosl interesting. This process was

referred to by Dr. Cooper Curtice." An analogous operation in

Ixodes ricillUS lias recently been carefully described and illustrated

b\ Wilder/' and was earlier noted by Lewis.' One of our asso-

ciates, Mr. R. A. Cushman, lias observed the operation. The follow-

ing description is based upon bis notes:

When oviposition i> about to take place the capitulum is bent

downward toward the genital aperture. This exposes a delicate,

\ iscid membrane between the capitulum and the scutum. The
membrane becomes distended and is projected out over the capitu-

lum in two rounded lobes, practically covering it. This process is

repeated several times before the egg is finally ejected, the mem-
brane being extruded and retracted alternately while the capitulum

is lowered and raised. Finally the white, membranous ovipositor is

extended, turning inside out, until it touches the distended mem-
brane. The capitulum is now completely hidden. As soon as the

ovipositor and membrane have come in contact the former slowly

recedes, leaving the egg adhering to and partially enveloped by the

membrane. The egg remains in this position for a varying length of

time. Then the membrane is withdrawn, rolling the egg along for a

short distance on the dorsal surface of the capitulum. At the same

time the capitulum is raised. Then the processes of distention and

contraction of the membrane and lowering and raising of the capitu-

lum are repeated several times, the egg being finally completely

coated by the viscid substance from the membrane and being finally

pushed back and deposited on the anterior edge of the scutum.

Each egg is laid in this manner, the tick backing slowly away and

leaving the mass of eggs in front of her. The actual time consumed

by the tick in laying a single egg is about 30 seconds, while the

removal of the egg and the resting period consume from one to sev-

eral minutes, a much longer resting period being taken at intervals

between lots of from 10 to 50 eggs. It has been impossible for us

with the means at our command to demonstrate the ''paired, race-

mose glands" of the membranous sac referred to by Curtice. As far

as we have been able to see. the substance with which the eggs are

coated is secreted from numerous minute glands scattered over the

surface.

T< \. A.gr. Exp. Sin.. Bui. 24, p. 242.

&Journ. Agric. Sci., 1906, p. 405.

cProc. Roy. Micros. Soc, 1892.
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In fche manner described a mass of eggs grows steadily in fronl of

the tick, while its body becomes correspondingly smaller as the

process proceeds. The gummy secretion holds the eggs together so

that the mass looks not unlike a Large accumulation of minute blown

heads.

The number oi' eggs deposited varies greatly with the size <>f the

female. The highest number recorded in our experiments was 3,806.°

The average of L89 ticks under various conditions was I'M 1.7, and

this probably very closely approximates the average under natural

conditions. The daily average, of course, varies also. The maxi-

mum is generally reached from 7 to (
.) days after deposition begins.

The highesl number for any 24-hour period was 826. The average

for 20 ticks was 141.

INCUBATION.

Most important means of control of the cattle tick depend upon

taking advantage of the fact that eggs remain on the ground for a

considerable time before hatching. Provided there are no seed ticks

present, it is perfectly safe to allow cattle in areas in which ticks may
be dropped from them, as, for instance, in fields under cultivation

for one crop season, if the animals are removed before hatching takes

place. It will be seen that this has an important bearing on the

process of relieving cattle of ticks by placing them for limited periods

in different tick-free inclosures. Accordingly we have made an

especial ('(fort to obtain data regarding the period occupied in incu-

bation under different conditions and in different seasons.

In 1905 a number of experiments to determine the length of the

incubation period were conducted, the eggs being placed in paper

pill boxes. Subsequent work showed that this arrangement gives

more rapid development of the embryo than takes place under normal

conditions. Especially is the period shortened when an abundance

of moisture is furnished. In these experiments in July and August

the eii-gs hatched in from 17 to 21 days, and during September in

from 25 to 44 days. These results are of value only in showing how
the incubation period maybe shortened under extreme conditions,

which must rarely or never occur in nature.

No eggs deposited in October, 1905, hatched before April 10, 1906,

a period of over 1 70 days.

" The greatest Dumber found byH.A. Morgan was 3,198 (La. Alt. Exp. Sta.
3
Bui.

51, p. 242 . Km Newell and Dougherty record 4,124 in one instance (La. Crop Pest

Comm., Circ. 10. p. 23;.

5795- No. 72- 07 2
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In 1906 a more extended series of experiments was instituted. In

the first -eric-, consisting of 59 lots deposited from February 20 to

September 21, eggs were kept in pill boxes. As has been pointed out,

this method accelerates incubation further than natural conditions

arc likely to. The following is a summary of the results of these

experiments:

Egge deposited in March hatched in 7 1 days.

Eggg deposite 1 in April hatched in 43 to 53 days.

Eggs deposited in May hatched in 24 to ''<'> days.

Eggs deposited in June hatched in 2Q to 22 days.

Eggs deposited in July hatched in L9 to 22 days.

Eggs deposited in A.ugust hatched in 19 to 21 days.

Eggs deposited in September hatched in 28 to 154 days.

Eggs deposited October 1-7 hatched in 135 to 139 days.

Eggs deposited October 15 and later have no1 hatched to date February 20, L907 .

In the second series of experiments relating to incubation conducted

in 1906 a special effort was made to provide conditions that would
give approximately the same period that must occur under normal

conditions. (See Table II.) To do so some eggs were placed on soil

in open-bottom glass tubes in the open ah (see PL II, fig. 2) and shaded

for a portion of the day. Others placed under the same conditions

were exposed to the sun at all times. In the third series the eggs

were located in an outdoor thermometer shelter where they were 4 pro-

tected from sun and rain. The separate lots consisted of several

hundred eggs. They were deposited by different females in the

laboratory and placed together for the observations under considera-

tion. In this way a large number of eggs deposited within the same
24-hour period was obtained. It is supposed that these conditions

approximate closely to those which surround the great majority of

eggs in pastures. The following is a summary of the data contained

in the table:

Eggs deposited in April hatched in from 39 to 54 days.

Eggs deposited in May hatched in from 27 to 33 days.

Eggs deposited in June hatched in from 21 to 28 days.

Eggs deposited in July hatched in from 22 to 26 days.

Eggs deposited in Augusl hatched in from 23 to 32 days.

In September eggs deposited prior to the 18th hatched in from 23

to 76 days. Eggs deposited after September 18 have not hat* lied up

to February 20, with but two exceptions. These were eggs deposited

October 3 and October 7, which began to hatch on February 18.

These eggs were placed in such a way that they were more exposed to

ili sun than other Lots that have not hatched, deposited before and

since the dates menl ioned.
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Fable 11. Period of incubation of \fargaropus annulatusai Dallas, Tex., 1906, undi

various conditions.

Eggs deiiosited. Batching.
Minimum
Incubation
period •

Eggs deposited. Hatching.
Minimum
Incubation
period.

Dai/<.
a 5

1

•' 17

a 17

a 39
a 33
a 29
<*27

a 28
a 28
" '_'7

a 26
"L'7
a 28
6 l>:?

a 23
6 23
/,•_>!

a 22
b ._»._,

a 26
24

&23
c23
«24
b 25
c23

Aug. 12

An-- 11

A.ug. 18

Aim. is

Sept. 8

Sept. f> v.

Sept. 9

Days.
<i 28

\ | . r. II \l.i\ b0
M;|\ ,1

6 24
Apr. 15 b23

Sept. is a :\-±

M;i\ 13 Ail},'. 19. . . Sept. 10

Sept. li

>• _>:{

May 15 June 12 Aiil:. 19

lug. 22

i 24

M.i\ 28 June 23 Sept. 13 a 23
Mj\ 3 Aug. 22. . . Sept. 1 1 24
V lug. "1 Sept. L6

Sep'- 20
Sep1 21

6 24
Aim. 28
Aug. 28

Aug. 28

i, >i

lulv 5

July 7 . Sept. 23 . a 27
July 18 Sept. 1 Sept. 23. .

• 23
July 1

1

Sept i Sept. 24 ft 24

July 16 Sept. l

Sept. 2

Sept. 9

Sept. 27 a 27
July L6 Sept. 26.

July "
i Oct. 7 c29

July i .luh 22 Sept. 9 ( )cl. 11) 6 :\2

Julj 20 \nu'. L0 Sept. 9
Sep). 11

Oct. 15

Oct. 24

"37
July 20 lug. 11 II

.fnlv 22 A.ug. 11

Auk- 22.

Sept. n
Sept. 1 1

Oct. '26 b 13

July :>i .

.

Nov. 5... -/ 53
Aug. 22

Aug. 23

Sept. 18. Dec. 2..

.

6 76

July :<i Sept. 18.... Dec. 2 . .

.

a 76

Aug. n Sept. t Sept. 26. Feb. 2'.) 6148
A.Ug. 12

o The eggs were placed in open-bottom tesl tubes in sand in the open air. They were protected from
the direel r;iys of the sun at all times by a cheese-cloth screen. Up to 11 a. m. they were
within the shade of the house.

6 In open-bottom lest tubes in soil exposed to sun ai .-ill limes.
«• In open pill boxes outdoors protected from sun and rain at all times.

RELATION OF TEMPERATURE TO INCUBATION.

In the series of experiments just referred to accurate data on tem-

perature were obtained. Standard maximum and minimum ther-

mometers kept in an instrument shelter were used. In Table III

the records of temperatures are given together with the average

incubation periods for the various lots of eggs under observation

during different months. The data show that there is an intimate

relation between temperature and the period of incubation. The
shortest average minimum incubation period (23.4 days) occurred

when the average temperature was highest (80.2° F.). The longest

average minimum incubation period (137 days) occurred with the

lowest average mean temperature (53.2° F.). Between these ex-

tremes there is a graduated correspondence between temperature and

incubation.
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Table III. Relation of temperaturt to period of incubation in Margaropus annulatus
at Dallas, '/'< <.. 1905-1906.

onto deposited.

\

of

lots.

Incubation
Incubation temperature.

M
nod.

Mean.
1 effective.

Maxi-
mum.

.Mini-

mum.
Aver-

-

Maxi-
mum.

Mini-
mum.

Aver-
age.

Maxi-
mum.

Mini-
mum.

Aver-
age.

1905.

2

1

.'.

8
7

11

13

2

Days.
56

:.l

33
28
26
32

154

139

Days.
i3

39
27
21

22
23
23
135

Days.
19.5

!•..:

29
24.8
23. I

24.9
46.2
137

°F.
62.6

72. 6

79.7
80.5
80.5
79.7
79.4
53.4

°F.
62.3

69.7
73.5
79.8
79.8
78.9
54.6
53

°F.
62.4

71 .8

77.6
80.2
80.2
77.8
70.7
53.2

°F.
1,083

1. L75.8
1,103.-2

1,046.6
962.1

1,169.3
1,907.9
1,600.6

F.
840.5

1,139.1

782.7
•_

vv,7

1,510.8

-

Apr 1,286.4
M;iv 1,023
.(uric

Julv 866. 5
Aug 904.4

1. 127

" Weighted.

It will be noted that the total effective temperature necessary to

cause eggs to hatch, varies from 866.5° to 1,555.7°. It would be of the

greatest practical importance to formulate a rule which, on the basis of

effective temperatures, would show the time when eggs will hatch at

different seasons of the year. It is probable that the present data arc

insufficient for this purpose, and special efforts will be made to add

to them. However, with the data at present available the following

tentative' law may be proposed:

WTien the average daily mean temperature ranges less than 53.2°, at

least 1,510.8 degrees of effective temperature must accumulate befort

hatching will take place. When the mean daily temperature averages

from 61 .4° to 77.8°, from 84-0.-5 to 1 ,139.1 degrees of effective tempi ratun

will he required for hatching. VHten the mean daily temperatun aver-

ages higher than 80°, between 782.7 and 8.24-3 degrees of effectivi tem-

perature must he accumulated before hatching will take place.

It is not our purpose to advise an attempt at the practical appli-

cation of this rule at the present time, but it is supposed that such

practical application can be ultimately made. To do so it would

only be necessary for the stockman to have a set of self-recording

maximum and minimum thermometers, such as can be purchased

for S3. Or the data might be obtained from the nearest Weather

Bureau station. By either of these means the average daily tempera-

ture could be easily obtained. By summing up the daily effective

temperatures—that is, the number of degrees above 43—the stock-

man, by reference to the minimum amount of accumulated effective

temperature necessary for hatching with various average daily tem-

peratures, could determine ai least within certain limits what time

" This rule, of course, may nol apply in rare cases in which eggs are deposited where

they will be subjeel to artificial heal rather than to weather temperature, ae in manure

piles. Ii will apply, however, to the greal majority of pasture conditions throughout

the infested area.
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it would be necessary to remove cattle from pastures in which tick

eggs might be to avoid danger of infestation by seed ticks. Possibly

a more feasible application would he the collection of the necessary

data from many localities by the State 1 entomologists and the publi-

cation of predictions based upon them from time to time.

A seasonal arrangement of our data for L905 and L906 shows the

following:

Eggs deposited in dune, duly, August, and up to September 15

require from 824.3 to 840.5 degrees of accumulated effective tem-

perat lire for hatching.

Eggs deposited from September l6-30,in October, and in later fall

and winter months, require an accumulated effective temperature of

from 837.6 to 1,510.8 degrees.

Eggs deposited in April and May require from 9S1.6 to 1,139.1

degrees.

Naturally an arrangement by months as above must be defective,

since no two seasons are exactly alike. The only accurate method

must be based upon a knowledge of the temperatures that are accu-

mulating in any particular season.

EFFECT OF HEAT AND COLD ON EGGS.

In experiments to determine the effects of heat upon eggs a con-

tinuous temperature of 100° was maintained by means of an incu-

bator. The period of application of heat was 15 days. In one series

no moisture was provided, and in this case no hatching took place.

In another series in which abundant moisture was furnished, hatch-

ing took place and the incubation period was reduced to 15 days.

It will thus be seen that a moist atmosphere is essential to the hatch-

ing of eggs under a constant high temperature.

In experiments relating to the effects of low temperatures on eggs,

by means of a refrigerator a mean temperature of about 45° was
maintained, with a minimum of 32° and a maximum of 65°. The

eggs were kept in pill boxes with gauze tops to allow free circula-

tion, except during the period of refrigeration, when the ordinary

covered pill boxes were used. The eggs from about 20 engorged ticks,

collected on July 26, were placed in the refrigerator on August 4

and remained for 30 days. Hatching began on September 23, and
about 60 per cent of the eggs were viable.

In the case just referred to, the normal period of incubation was
increased, as the result of refrigeration, by 8 days. In a long series

of similar experiments, however, in which the period of refrigera-

tion ranged from 1 to 21 days, the period of incubation was not

appreciably lengthened and the normal percentage of hatching took

place.



22 ffOBTB AMKKK AX FKYKK TICK AND OTHEfi SI'Kc IK-.

In a series of experiments with alternate cold and normal tempera-

tures the eggs were kept in a refrigerator exposed to a mean tem-

perature of about 45 F. from 8.30 p. in. to 8.30 a. m. During the

day 'lie eggs were removed from the refrigerator and remained at

the temperature <»f the air. After six consecutive nights of exposure

in this way from 5 t«> 10 per cent of the eggs hatched. It is probable

that the necessary manipulation in these experiments interfered

with the viability of the eggs and that normally a considerably greater

percentage would hatch under the same conditions.

SUBMERGENCE OF E(J(;s IX WATER.

Sixteen different lots of eggs were used to determine the effect of

submergence in water. One-half were submerged for from 10 to 24

days, and most of the eggs hatched. In another lot submerged

for 25 days 33 per cent hatched. The experiments were per-

formed from June to September and the incubation period under

water was not appreciably different from the normal at the different

periods at which submergence took place. In all these experiments

complete submergence was secured by means of a screen obstruc-

tion below the surface of the water. Our results agree with those

recently published by Messrs. Newell and Dougherty and with unpub-

lished data obtained by Prof. H. A. Morgan, who suggested our

experiments.

The practical importance of these experiments is to show that the

flooding of pastures would have no effect whatever on the viability

of tick eggs on the ground. Not only would the great majority

hatch, but the time of hatching would not be materially different

from that in case no water whatever were present. As a matter of

fact the flooding under some conditions, as, for instance, during a

drought, might hasten incubation.

These data, taken in connection with data mentioned elsewhere,

showing the remarkable resistance of seed ticks to water, indicate

clearly the reason why pastures overflowed for considerable periods

have repeatedly been found to furnish tick infestation.

A series of eggs varying from those recently deposited to others

about to hatch were submerged in tube-form vials. To keep the

o^s submerged absorbent cotton was pressed down into the water.

None of the eggs hatched, and we suppose this was due to insuffi-

cienl aeration.

Several lots of eggs that were kept in pill boxes until they had

become thoroughly dried were placed on water in Stenter dishes to

determine if hatching would follow. After submergence for a short

period the eggs in targe part filled out and appeared viable, but did

not hatch.
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PERCENTAGE OF BOOS HATCHING.

To determine the exact percentage of eggs hatching is a rather

difficult matter for the reason thai manipulation in counting inter-

feres greatly with their viability. In June, July, and August, L906,

a number of observations were made showing the percentage <>l

viable eggs in different lots from 30 l<> 90. In these cases the eggs

were counted, and ii is likely thai the percentage hatching under

natural conditions is considerably higher than thai indicated. The
examination of masses of eggshells where hatching has taken place

normally reveals Pew unmatched eggs.

Messrs. Newell and Dougherty have recorded a percentage of

hatching during the months of April, May, dime, July, August, and

September of from 61.6 to 92. These experiments were performed

at Baton Rouge, La., under conditions which approached the natural

ones very closely, although the eggs were counted as in our experiments.

LARVAL OR SEED-TICK STAGE.

The larval tick is a minute 6-legged creature without distinct genital

opening, and with indistinct stigmata between the second and third

pairs of coxa 1

. As Salmon and Stilesstate, larval ticks frequently show

indications, at least, of stigmata between the first and second pairs

of coxae, and behind the posterior coxae in addition to those between

the second and third pairs. Only the pair first mentioned seem to

he functional. The color of the larva at first is whitish but soon

becomes dark brownish.

NONPARASITIC PERIOD.

For a few hours the larva remains about the shell from which it has

just emerged, but later makes its way upward on the first blade of

grass, stick, post, or other support that presents itself. Professor

Morgan informs us that he has seen seed ticks on the tips of sugar

cane about 8 feet from the ground. By placing a pole in the vicinity

of millions of seed ticks we have observed them to reach a height of

about r> feet in a surprisingly short time; but the tendency is strongly

to remain not more than about 4 feet from the ground. In the absence

of some vertical object the seed ticks do not seem to scatter to any
great extent, but collect on the highest immediate point, even if it

is only a small clod or stone.

On whatever support the young ticks happen to be, they collect

in masses often nearly an inch in diameter. (See PL I, fig. 2.) Here
they remain for weeks or months awaiting a host. The front legs,

which combine the functions of antenna 1 and legs in the insects

a La. Crop Pesl Comm.,circ. 10, p. 24.
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proper, are waved through the air more or less constantly, and vio-

lently when a moving object approaches. The ticks attach them-

selves to any animate or inanimate object which touches them. Only

those that happen to attach themselves to cattle (and rarely a few-

other animals) ever develop; the others either die or, dropping oil",

become widely scattered.

Heavy rains wash the seed ticks to the ground, and it is possible

that violent winds may also serve to disseminate them. In our

experiments they have thus been spread to a distance of 5 or 6 feet.

It is noticeable that the seed ticks shun direct sunlight. We have

repeatedly seen bunches move halfway around the support with the

shade. In the morning they would be on the west and at night on

the east side.

EFFECT OF WATER ON SEED TICKS.

Interesting data having a bearing on the dissemination of the cat-

tle tick through the agency of water courses have been obtained. It

has been noted that heavy rains wash seed ticks from their supports

to the ground. In a considerable number of experiments seed ticks

were found to endure submergence varving in different lots from

10 days to 157 days. The latter record was obtained in an experi-

ment in which seed ticks were first placed in water in a Petri dish

and a few days later removed to a tube witli earth on the bottom.

The details of these experiments are given in Table IV.

It is doubtless true that dissemination by water courses is not

quite as important as these results would indicate. Of course it is

possible that seed ticks may be carried many miles and deposited

on grass or bushes, from which they may reach cattle. The enor-

mous scattering of ticks so submerged in water, as would be the case

in floods, would undoubtedly greatly reduce the chances of infesta-

tion in pastures.

Table IV.

—

Effect of water on seed ticks.

Eggs hatched.

Sept. 2...

Oct. 4-11.

Sept. I...

Aug. 1G-1
AUg. 21-2

Aug. 4-11

Seed ticks
submerged.

Sept. 4.

Sept. 30

Nov. 11

Sept. L.

Aug. 4.

Aug. 17

Aug. 21

Sept. 4.

Longevity,
submerged.

Days.
47

157

14
12

41

32
17

10-17

Remarks.

Bight inches of water in tub.
In Petri dish; Oct. 9 removed to tube with dirt on bot-
tom.

Alive on Nov. 25, and may have lived longer.

In tub with sand and vegetable matter.
In l'etri dish on poreh. with algSB in water.
In I'et ri dish on laboratory d< - .

Submerged as eggs.
Submerged as eggs. Culicid larva may have interfered.

Some years ago Professor Morgan obtained interesting results on

the effect of low temperature on seed ticks. In brief, he found a

temperature of 15° or 16° F. for a short period did not kill many seed
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licks, hi 1 1 that such a temporal urc continued for 24 hours resulted in

the death of practically all. Our experiments have been of two

classes (1 in water and (2) without water. In both cases the seed

Licks were subjected to a temperature somewhat less than 32 V. In

the case where water was supplied solid ice was obtained. Both in

and out of water the seed ticks survived a freezing temperature of one

hour's duration, although there was perceptible mortality among
them.

LONGEVITY OF SEED TICKS.

The time that seed ticks may survive without a, host is a most

Important matter in plans for control. Our experiments on this

point have been of two kinds 1 1 ) with seed t icks from eggs deposited

by females placed on the ground in favorable circumstances, thus

giving absolutely natural conditions, and (2) with seed ticks in glass

tubes, where they could be observed more closely.

In the (irst series, which was instituted at the suggestion of Pro-

fessor Morgan, several hundred engorged ticks were placed on the

ground at regular intervals. The only inclosure was a cylinder of

2-inch-mesh wire screen about 4 feet in diameter to prevent disturb-

ance. The sved ticks from females placed under these conditions

accumulated in enormous numbers on the blades of grass or stakes

provided for the purpose (see PL I, fig. 2). Table V gives the num-
ber of days the seed ticks survived in these experiments, together

with other data. It will be seen that the shortest period was 49

days and the longest 159+ days. However, the important period

is from the time of dropping of the adults to the death of the resulting

svvd ticks, since the farmer must always suppose in rotating his cat-

tle thai adults were dropped on the day of removal from the pasture

which ii is desired to clean. This period ranged from 91 to 175 +
days. It will be noted that there is considerable variation in the

period of survival, even at the same season of the year. This seems

to depend upon two factors, namely, the number of seed ticks in the

bunches and the amount of rainfall. The larger masses survive

longer, perhaps because the moisture is better retained, and heavy

lain- scatter and reduce the masses. It is probable, on account of

the very large numbers of seed ticks in our experiments, that the

periods given in the tables are somewhat longer than normally occur

in the field. However, such excessive numbers do sometimes occur

in nature. For instance, when an animal dies of gross infestation

thousands of ticks deposit in a very restricted area. Mr. J. I).

Mitchell has seen cases of this kind in which the bunches of seed ticks

were fully as numerous as in our experiments.



26 NORTH WIIKKW FEVER TICK AND OTHER SPECIES.

T \ ; i i V. Long* i ity of 8t ed ticks of Margarojms annulatus Say, at Dallas. Tex., 1906.

When dropped.

Period from dropping

When
batched.

Seed licks

all dead.

Maximum
period

from drop-

deatb of all

st ed ticks.

P< riod
of life of

-
1 '1

li ks.
Minimum. Maximum.

Bays.
12

12

14

12

8

8

Days.
is

18

21
l't

16

16

Aug. 12...
Aug. 15. ..

July o

E 14. . .

Sept. 1....

14...

Oct. v

Oct. 21....

Oct. 1.".....

iio

120

154

91

Days.

May 10 ln7

July 21

D > 49

159+

•' In this experiment the seed ticks were accidentally disturbed,
beyond the period indicated.

- lie alive Feb. 20. 1907.

They would have lived some days

In the second scries of experiments to determine the longevity of

seed ticks the eggs were placed in glass tubes with open bottom-.

A- will be seen Prom the footnotes to Table XI certain x'al lick- in

iiil»«- were shaded at all times, others in tubes were exposed con-

stantly to the sun, while the remainder were placed in pill boxes

protected from sun and rain. It is supposed that these diverse con-

ditions give an average length of survival that approaches closely to

that occurrni! under natural conditions. The detailed results follow

Tabi k VI.

—

Longevity of seed ticks of Margaropus annulatus Say, Dallas, Tex., 1906

Eggs deposited. Hatching, a Seed ticks dead.

Period Period
from fromdep- Condi-

hatching osition tions.

to death, to death.

Apr. 13.

Apr. 14.

Anr. 15.

Apr. 27.

May 13.

May 15.

May 28.

May 30.
May 31.

June 9.
June 10 do.
June 11

June 21

June 22
June 24

Do
.June 30
July l

July 20
Do

July 22
July 31

Do
Do

Juno, o

May 30
May 31
.June 4

June 14

June 12

June 23
June 26
June 27 Vug. '.)..

July 5 Sept. 26.

Aug. 28.
Aug. 15.

Aug. 22.
Aug. 28.
Sept. 20.

Oct. 5..
....do..

July 7

July 18

July 14

July 16

....do
July 20
July 22
Aug. 10

Aug. 11 ' Aug. 28 (escaped i.

do
Aug. 22 Feb. L8

do
Aug. 2:5 Jan. 23

Sept. 22.

Aug. 15.

Aug. 28.

Aug. 6..

Oct. 6..
Sept. 26

do.

.

Days.
S4

77
•

85

98
I!.".

L04

L80

Days.
L38

124

130
124
i:a

144

131

71

110

104

51

'N

11

L05

B9

88

93

203

177

CO
('<)

(6)

(6)
('')

I'M

(&)

(«•)

Co
C->
I'M

(A)
(c)

(••>

(O
(M
C>
.M
{d)

(')

[d)

V')

ir details regarding oviposition of these ticks see Tables I and II.

. s. ed ticks were in open-bottom test tubes in sand in the open air. They were protected from
the direct rays of the sun at all times by a cheese-cloth screen. Up to 11 oVlock a. m. they wen- also
shaded by the hous. .

cln oppn-bottom test tubes in soil exposed to sun at all times.
'I In open paper pill boxes outdoors, protected from sun and rain at all times.

( !onsiderable numbers of seed t icks in all lots hatching after August

23, L906, are still alive (February 20, L907).
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PARASITIC PERIOD.

The data already given regarding the periods of preoviposition,

incubation, and survival of seed ticks have an important bearing on

the time required to free pastures or other inclosures from ticks pro-

vided tfu cattlt an removed. The data given under the present head-

ing, on the other hand, show the time required at different seasons

to fret cattli <>i ticks by 'placing them in inclosures from which thi ticks

havi been eliminated either by systematic starvation or by tin ust <>/'

naturally tick-fret areas
}
as, for instance, fields that havt been in culti-

vation for om crop st ason.

In this work we have utilized a grade Durham steer, 17 months

old at the beginning of the experiments. (See PI. [I, fig. 1.) By
means of kerosene emulsion he was carefully cleaned of the thou-

sands of ticks infesting him when obtained. Thereafter he was thor-

oughly washed to remove traces of the insecticide and hundreds of

seed t icks were applied. Under proper precautions to avoid the steer's

accidental infestation, these ticks were allowed to reach maturity.

After the ticks of,each infestation became adult the steer was thoroughly

cleaned and placed in another inclosure, which in each case had been

carefully disinfected by means of sprays. This prdcess has now been

repeated until ten infestations have been reared covering the period

between August, 1905, and March, 1907. The details are given in

Table VII. In rotation systems the minimum developmental period

is the most import ant, because the cattle must be removed before

the earliest developed ticks have had offspring to reinfest them.

Therefore special reference is made in the table to the shortest periods

found, although the longest and the average are both given.OCT o o
The following deductions may be made from this table:

1. The period from attachment to dropping ranges from 21 to 58

days. It should he noted that in the longest periods the limit was
reached by only one or- two belated ticks, the majority approaching

the average.

2. The average period ranges from 26.5 to 43 days.

3. The average parasitic period is normally some days longer in

winter than in summer. But warm winter weather, as happened in

infestation No. 9, may reduce the period even below the average for

the summer.

A. The slowest developing t icks of one infestation may occupy from

H) days (in the summer) to 32 days (in the winter) longer than the

most rapidly developing ones. The rapidity of development of the

ticks of the same infestation depends somewhat upon their location.

Those on the portions of the body where the blood supply is most

abundant develop most quickly, [ngeneral it seems that heavy infes-

tations develop a little more quickly than light ones. This maybe
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due to the fact thai, in lighl infestations with widely scattered ticks,

fertilization is less likely to take place than in other cases where the

males may lind the females more readily. We Lave beer unable to

determine thai unfertilized females occupy longer in development

than those thai are fertilized, bul our impression is that they dp.

The table also shows that 1 he principal variation in the time of

developmenl of the ticks of the same infestation lakes place not in

the larval or nymphal but in the adult stage.

Table VII. Development of Margaropus annulatus on steer at Dallas, '/'<
i

.

Ap-
,,h- When
tion

applied.

No.

1905.

1 Aug. 10

2 Sept. 27
3 Nov. 11

1906.

4 Jan. 16

5 Mas .2

6 .June 29
7 Aug. 2

8 Sept. ")

9 Oct. 6

10 Nov. 29

1907.

11 Jan. l

First

molt.

Aug. 28
Oct. i

Nov. 22

Jan. 25
May 31

Mini-
mum
larval
stage.

Days.
12

7
11

Vug. 10-11
Sept. 12

Oct. 14
Dec. 8

Jan. 8

7

8
9

Second
molt.

Sept. 2
Oct. 12

Nov. 28

Feb. 3
June 6
July 1G
A.Ug. 18
S.'pl 22
Oct. 21
Dec. 14

Jan. 14

Adults dropix'l.

mum
nym-
phal
stage.

First. Lasl

.

Days.
5
8
G

Sept. Lfi

Oct. 21
Dec. 8

Sept. _:
Nov. 8

Jan. 9

9
6

""i-s
10

7

G

Feb. 17

June 14

July 24

Aug. 25
Sept. 26
Oct. 30
Dec. 22

Mar. 8

June 30
Aug. 5

Oct. G

Nov. 12

Jan. 1

6 Jan. 24 Feb. 3

Mini-
Xuin

Period from
mum ''

' attachment to

I"" mov- dropping.

aduith/
01

stage
drop- Maxi- Mini- Aver-

Dai/s.

13

n n
9

5
14

236
200
55

Days. Days.

33

33
4:;

41.5
HI

31

31.5
26. 5

30.5
28

a Removed.

DEVELC )I\M E X T ( > V HOST.

When the larval ticks find themselves on the host they rapidly dis-

appear in the hair and attach themselves to tbe skin. They are

principally found on such parts as the legs, belly, and dewlap that

conic in contact with tbe bunches on the grass, but maybe found on

any pari of the host. In cases of severe infestation they practically

cover the entire surface of tbe body, even the eyelids being infested.

In from 7 to 12 days the larval ticks molt and enter the nymphal
stage, in which they have eighl instead of six legs. The nymphal
stage i^ further distinguished from the larval stage by the presence of

a pair of large stigmata quite in contrasl to the rudimentary organs

of respiration of the larva.

The second molt (from the nymphal to the adult stage) occurs in

from five to ten days after the first. The nymph can be distinguished

from the adult , which it resembles very closely, by the absence of any

genital opening. The process of both molts is undergone by tbe

females while the hypostome is firmly inserted in the skin of the host.

The shed skin splits open along either side and drops oil" in two scale-

like pieces. A portion of skin from the capitulum is also shed at tbe
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same time. In t lu^ case of males, while during and after the first molt

the tick remains fixed to the host, after the second molt it detaches

itself and travels in search of a Female. As a pule the males molt two

or three days ahead <^' Females and Frequently two are Found attached

to the skin of the host direct Iv beneath nvmphal females, awaiting

the molting of t fie latter.

When the adult stage is reached the development is very rapid.

In from as lew as l to 1 I days the Females become Fully engorged

and fall to the ground i<> deposit their eggs. They die when the

operation is completed.

Although female ticks arc 4 somewhat more easily removed at the

time of molting than at other times, repeated careful observations

show that they do not actually detach themselves at either molt.

However, Mr. B. II. Ransom has shown that, when detached arti-

ficially just before or after the second molt, females will reattach if

placed upon another animal." Likewise he found that ticks removed

just after the first molt would reattach after 24 hours. Specimens

detached just before the second molt transformed and lived without

bost for two weeks. Several experiments have led us to the con-

clusion that only in the rarest accidental cases can reattachment

normally take place. In many cases we have attempted to cause

detached ticks to reattach, but in only two cases did \v
re succeed.

The following are some of the particulars:

February 23, 1906, eight ticks, ranging in size from nymphs to one-

half engorged adults, were placed on the shoulder of a steer. The
next day all but one of these ticks had disappeared. One, however,

which was about one-half engorged, had fastened to the skin about

6 inches from the point where it was placed. Tins tick was found

detached on March 1 and trying to crawl out from the hairs which

had been glued together to hold it in place. At this time it was not

fully engorged. It began depositing eggs on March 18, and con-

tinued oviposition until April 26, reaching a total of 523 eggs. An
attempt was made to cause these eggs to hatch, but without success.

It is not likely, however, that the failure to hatch was due to the

experience of the tick. It is probable that the state of engorgement

may have had something to do wTith the matter, and, moreover, at

the time of the year when the eggs were under observation it is

exceedingly difficult to cause them to hatch. After the experiment

that has been mentioned repeated attempts were made to obtain

other cases of reattachment. Ticks at various stages were j)laced on

»Lahille(Contr. VEtude Ixodidls Argenl ine, p. L12) had previously detailed a num-
ber of experiments in the reattachment of Marf/aropns ( Hoophilus) nn'rropjiis. It was

found thai immediately after molting the ticks would more or Less frequently reattach

after being removed artificially. Nothing, however, was found to indicate that the

parasites naturally detach and reattach on the host.
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the steer and confined to limited area by means of vaccination

shields. In qo case under this manipulation did reattachment take

place. Recently, however, a tick removed just before the second

moll became adult in a pill box and reattached after 25 hours.

ADULT STAGE.

Adult females are the ticks thai are generally seen, and their

appearance is familiar to most persons. The males (which do not

become engorged) arc generally overlooked, although they may he

easily found attached to the skin of the host directly beneath the

females. This gives rise to a rather prevalent popular idea that

female- carry young with them.

The following descriptions are taken from the work of Salmon and

Stiles: a

.1/.//,. Body oval, narrowed on front, broadest (1.3 mm.) al stigma] plane, 2.15 to

_'.:'."> mm. long. Scutum reddish brown, covering entire dorsal surface, ]
•!• .1< .iilt««1 in

fronl by two pairs of projed ions—one pair of more prominent dorso-lateral projections,

dorsal of anterior projection of coxse I, and one pair somewhal less prominent and
more median, ventro-median of first pair and nearer the Deck. Two cervical furrows

shallow, extending more or less distinctly to the posterior border; may he somewhat
interrupted in the middle; a median furrow present in posterior half, may be very

indistinct; posterior margin of body divided into festoons, which may be only slightly

marked. Relatively large circular pores, with extruding short brisily hairs, scattered

over entire surface. Eyes small and pale, often problematic, at I intercoxal space.

Ventral surface lighter than dorsal, all portions provided with short stout hairs; geni-

tal pore, broad, transverse, bet ween coxae II; anus slightly posteriorof stigma! plane;

two pairs of anal plates (clypei): one pair elongate, rectangular to triangular, eh -

anus, in some cases extending cephaJad to middle of coxa1 IV. and caudad to near or

beyond posterior margin, the anus being about at the middle of the length, in other

- extending from height of middle of stigmal area to beyond posterior margin of

body; the median border longer than lateral border, the former prolonged into a point

posteriorly, the postero-lateral margin may be nearly straight, or somewhat curved, or

irregular in outline, thus presenting broad tooth-like projections: lateral and contigu-

ous to each of these shields is found another shield somewhat similar in form, but

smaller in size. Median caudal appendage absent. Capitulum 450 to 500// long,

similar to that of tin- female, hut a little straighter. longer, more salient in front of

dorsal shield, into which it penetrates by a sort of rectangular nock, lateral projec-

tions not very prominent. Mandibles 600// long, digit about !»()'/: internal apophysis

with straight base and broad bifide point; external apophysis bidentate, the terminal

subventral tooth may he very small while the proximal tooth is strong and large, or

both may be large. Eypostome similar to thai "i female, fourdistind rows of teeth on

eachhalf. Palpiaboul L90// long, similar to those of female. Legsstrong; coxae! -

those on each side contiguous, as broad as long: coxaa 1 triangular, apex may he pro-

longed anteriorly beyond the corresponding anterior point of dorsal shield, reaching

anterior angle of base of capitulum. or may be very short, base posterior and more or

less distinctly bidentate, the teeth short, often slightly pronounced, or quite promi-

nent, the lateral tooth in some cases prolonged into a well-marked spine. Tarsi like

those of female.

a ••The cattle ticks, Ixodoidea i of the United States: " I7ih Ann. Kept. Bur. Animal
Industry, b. S. Dept. Agric, pp. 120 124, L901.
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Female. Body elliptical, as broad in front ae in back, usually somewhat con-

Btricted in middle, near 1
\' pair of legs; may attain L3 mm. long, 7.5 mm. broad. Color

edingly variable; live specimens varj froma tawny yellow (younger forms) to an

olive green i
\ ery old specimens), alcohol specimens from yellow to red or black; the

excretory system often shows through the cuticle as tortuous whitish canals. Dorsal

shield (scutum) very small, visible as a dark brownish spot in a depression al anterior

end of median line; usually aboul 1. 1 mm. long by 0.8 to 0.9 mm . broad, decidedly

emarginate anteriorly to receive capitulum; lateral borders uearly straighl and par-

allel in anterior portion, from antero-lateral points to eyes, then convergent from

eyes caudad, forming a more or less bluntly rounded posterior angle in median line;

cervical grooves divide the anterior half of Bcutum into three more or less equal lon-

gitudinal fields, and diverge posteriorly; surface of scutum provided with shorl bris-

tles which arc more numerous near anterior border and uear the eyes than elsewhere.

Eyes rather small near anterior third of margin of senium. On nearly the ''nine

length of dorsal surface of body are two antero-posterior grooves, interrupted or uearly

effaced near plane of IV pair of legs, and ending a short distance from the shield and

from posterior margins of body; also, an unpaired median groove in posterior half of

body; all three vary with the muscular contractions and may mere or less com-

pletely disappear when body is replete. Ventral surface shows four pairs of more
or less distinct marginal lonstrictions corresponding to the four pairs of legs, the I V
constriction being mosi marked, antero-median region also depressed at insertion of

capitulum; vulva small, median, ai plane of coxae 1: sexual grooves corresponding

to tlie paired dorsal grooves; hut showing some variation in different specimens;

median groove extending from anus to posterior margin. Anus about on herder of

second and last thirds of body. Stigmata short oval; stigmal pore slightly crescentic,

convexity lateral: Btigmal field with numerous larger and smaller wart-like struct ures,

forming a /.one near the margin. Cuticle of entire body finely wrinkled, hearing short

hairs. Capitulum very short, about 800// from posterior dorsal margin to anterior

end of hypostOme; base of capitulum hexagonal, enlarged on its dorsal surface; in-

serted in emargination of scutum: lateral projections not very prominent. Mandibles

860// long, digit 120//. Internal apophysis conical (Neumann), bidentate (Fuller),

with its base near the terminal extremity: external apophysis with three successive

teeth, one terminal, subventral, small; the second stronger; third large. Hypostome
rather spatulate, broad, a little longer than the palpi, provided on each half with

four rows of nine to ten nearly regular denticles, which do not extend to the base.

Palpi very shorl (310//), subcorneal, articles at least as broad as long; first article par-

tially hidden under the aritero-dorsal border of the base of the capitulum: second

article pedunculate, dilated in a salient crest in its middle portion, thus forming a

prominence inward (toward median linn and outward, and provided with strong

hairs, especially on the inner prominence; third article smaller, subtriangular on its

dorsal surface, whore it forms a projection in and out: fourth article -mall, cylindrico-

conical, infero-terminal. Legs rat her thin, short (pair 1, 2 mm.; pair II, 2.5 mm), yel-

lowish brown, firsl articles darker than the others. <'ox;e: pair I subtriangular, pos-

terior border bidentate or biundulate, the division in many cases indistinct. Tarsi

1 unicalcarate, II to [V bicalcarate. Pulvillum about half_as long a- claws. Stiff

bristle-like hairs on all art icles.

EFFECT OF CONTINUOUS COLD AND HEAT ON ENGORGED
FEMALES.

Twenty-five ticks were used in the experiments with cold, which
wore conducted during the month of August, 11)06. A mean tem-

perature of about 48° F. was maintained, with extremes ranging
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from.')! to 53 . With exposure up to 300 hours practically all ticks

recovered and in mosi cases deposited viable eggs. In cases of more
than 300 boms' exposure practically all ticks survived, but none

deposited viable eggs, although in many instances oviposition took

plac< .

In a number of experiments with heal a mean temperature of from

98 i" L02 was maintained. Up to in.
-

; hours of exposure to this

temperature practically all tick- deposited eggs thai were viable.

Willi expo-iire at the same mean temperature of from 144 to 218

hour.-' duration, eggs were deposited, but were found not to be viable.

They were dry and shriveled when deposited.

Some of the females survived heating for the longesl period, namely.

2 L8.5 hours. With an exposure of 103.5 hours or more, however, at

least one-half succumbed.

EFFECT OF DIRECT SUNLIGHT ON ADULTS.

Eleven unengorged females placed in a box exposed to the direct

rays of the sun in September died in. three day-. Seven unmatured
females in direct sunlight from morning until noon seemed dead at

noon. They did not survive until the next day, although they were

removed from the direct sunlight at 2 o'clock. Similar experiments

-bowed that death resulted in the case of engorged females after a few

hours' exposure to the sun. In experiments with eggs, tubes were

subjected to direct sunlight for one day. When moistened while

kept in these tubes, hatching seems to take place normally, and

hatching followed in similar experiments in which the eggs were

kept dry.

EFFECT OF SUBMERGENCE IN WATER ON ENGORGED ADULT
TICKS.

Adult ticks have remarkable resistance to the effect o'i submergence,

as has been pointed out to be the case with eggs and seed ticks. The
immediate effect of submergence is to cause a cessation in the activ-

ity of the ticks, while they become somewhat distended apparently

from the absorption of water. In Augu-I and September, 1905, a

considerable number of experiment- were conducted in which the

adult tick- were submerged in water from the city main- at Dallas,

Tex. Judging by the experiment- with seed ticks and egg- mentioned

elsewhere it i- not likely thai water impregnated with foreign matter

would have changed the results. During the months mentioned a

period of submergence of 24 hours did not resull in the death of any

appreciable number of ticks used in repeated experiment-. After

"lie or t\\<» hour- the specimens recovered from the immediate effect

of submergence and proceeded to depo-it eggs which were found to be
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viable. With between 24 and 48 Lours' submergence the number of

ticks thai recovered diminished rapidly. Occasionally specimens

recovered after a period of submergence of over 48 hours. For

instance, the specimen collected on July 12 and submerged For 50

hours survived and deposited viable eggs. Later in the season (thai

Is, iu October) somewhat different results were obtained in experi-

ments in the submergence of adults. Iu this month many ticks

Recovered after from 50 to 90 hours of submergence. Iu fact , fully 50

per cent of the ticks submerged between these extremes regained

their Full activity. Iu one experiment two out of five ticks sub-

merged in October for 91j hours recovered and deposited viable eggs.

Nevertheless a number of ticks submerged for 11.V, hours did not

recover.

The results that have been mentioned above indicate that where

engorged ticks fall from cattle that are standing in j^ermanout pools

of water none 4 will survive to deposil eggs. At the same time the

results show that temporary flooding of from 24 to 100 hours' duration

would not in all cases prevent ticks front depositing eggs. It must
he noted in this connection, however, that the vitality of eggs depos-

ited by ticks just prior to temporary flooding would not be interfered

with by the water, although, of course, they might he washed away.

DROPPING FROM HOST.

It is a more or less prevalent popular idea that ticks have some

sense which enables them to drop from a host in places favorable

for oviposit ion. A few observations have shown, as was supposed in

the beginning would be the case, that there is probably no such

power of perception present in the cattle tick. The popular impres-

sion probably had its origin in the fact that bunches of seed ticks are

found most numerously in the places where the cattle collect for the

benefit of shade or water. This phenomenon obviously is due merely

to the collecting and standing of the cattle.

Many observations seem to show clearly that there is no preference

as to the time of dropping. In our experiments main ticks have

been known to drop from host during the night and many others to

drop during the day.

LOCOMOTION.

Some attention has been paid to obtaining data on the distance

engorged ticks may travel after dropping from the host, since this

has a practical bearing on double fencing in eradication work. In

some experiments specimen- were placed on t he floor in t la 1 laboratory

and allowed to move at will. 'Flic total movement varied from 24

inches to 123 inches, the latter distance being covered in52minut< .

5795— No. 7l'—U7 3



. I WORTH WIKKH AN FEVEB TICK AND OTHEB SPECIES.

The effecl of antiheliotropism was always in evidence in these exper-

iments. The lighl was admitted From different quarters a1 different

times and the ticks always changed their course so as to travel away

from it. These results are very similar to those published by Lahille

from experiments with Margaropus (Boophilus) microplus in Argen-

tina. The distance engorged Females will travel depend- upon how
soon the} can reach shelter. IT they obtain protection under debris

of any kind the} seem to be disinclined to go farther. The greatest

distance traveled on the ground oul of doors was only 24 inches.

Ii i- popularly supposed that engorged Female ticks often burrow

into the ground. In a number of experiments with lighl barnyard

trash in tubes ii was found thai Females will work their way down
from one-half to 1

,

: inches. In such cases the masses of eggs assume

various shapes on account of the surrounding debris. 'See PI. I,

f

i

lt- I.) It was found that seed ticks front eggs so deposited had no

difficulty in reaching the surface.

HOST RELATIONS OF THE CATTLE TICK.

Margaropus annulatus was described in 1829 by Say "from speci-

mens taken on a Virginia deer in Florida." Since that time we

have keen unable to find records of the occurrence of the species on

deer. However, a number of instances have come to lighl recently

in which undoubted specimens of Margaropus annulatus have keen

found on deer. The first of these cases was the result of an examina-

tion made by Mr. R. C. Howell on a herd of tame deer in a park at

Mount Pleasant, Tex., in October. 1005. Since that time Mr. J. J).

Mitchell has found .specimens on a deer at Oakville, Tex. Mr. T. R.

Coker has sent specimens from the same -locality and host. In both

of these instances the ticks were found on wild deer that had just

been -hot. Tn February of the present year Mr. F. C. Pratt collected

a few specimens of Margaropus annulatus from a dry deer hide at

Kerrville, Tex., and in December he examined a fresh hide on which

considerable numbers were found.

The matter of the possible development of Margaropus annulatus

on various animals, among them guinea pigs, rabbits, dogs, ami cats,

ha- been studied by various investigators.- Dr. J. W. Connaway's
experiments in Missouri in L897 showed that the ticks would not

attach to rabbits or guinea pigs, They did attach to dogs in consid-

erable number-, but only one of them ever matured. Recently
Mi". B. II. Ransom ha- repeated the experiment- with rabbit-, d

and cat.-. On rabbit- and dogs the ticks attached, bul remained so

only a short time. On a cat a female tick remained attached from

July 25 i" August :;u and molted on the host. Nevertheless, it did

n<>i reach engorgement.
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In our experiments with ticks we have kept several dogs prhnarirj

for experiments with species other than Margaropus annulatus. At

the same time we have repeatedly sprinkled thousands of sc^l ticks

of Margaropus annulatus on these dogs, l>ut in no case have we noticed

thai attachment took place. Tin's, with the work of Connaway,

Schroeder, and Ransom, seems to indicate thai dogs can play bul a

very unimportant part as hosts for the cattle tick. Ransom men-

tions the fact that the collection of the Bureau of Animal Industry

contains specimens o( Margaropus annulatus collected from a dog,

from which host Francis (1894) seems to have been the first to report it

.

( )ne of t he w [iters has had one case of an at t achment of Manjaropus

annulatus to his pea-son. This was a male specimen that attached

between the fingers of the hand. It was removed after about half an

hour. Mr. Ransom mentions a similar case in which, however, the

specimen was a female and remained attached to his hand for twenty-

four hours before it w as removed. Alt achment to human beings must
be very rare. The junior author had worked with thousands of

specimens of ticks before and after the single case of attachment that

has been mentioned.

In addition to the abnormal and unusual host relations mentioned

above, there are not infrequent instances in which Margaropus annu-

latus has been found to occur on horses, mules, and asses.

All this work shows clearly the remarkable host restriction of the

cattle tick that is most important from the viewpoint of its attempted

eradication.

The early records of Packard, showing the occurrence of the cattle

tick on a porcupine and a similar record of its occurrence on the

rabbit in Idaho, must have been due to a misidentification of the

species.

The stricl instinct for the proper host in the cattle tick is shown in

the extreme infrequency of attachments of ticks to each other.

Thousands of ticks have been sent to the laboratory alive inclosed

together in tin or wooden boxes. In only one case was it found that

a tick had inserted its rostrum in another. This happened in a lot

collected in southwest Texas by Mr. J. D. Mitchell on April 19. A
female had inserted its beak firmly on the lateral dorsal portion

behind the posterior coxae. The two specimens wore placed in

alcohol and still remained connected."

RELATION BETWEEN RATION AND TICK INFESTATION.

For several month- niter experiments were started at Dallas in

placing seed tick- on the steer used for experimental purposes it was
found that a surprisingly small proportion ever became adult. In

3ince the above was written important disco yarding the occurrence of

Margaropus annulatus on sheep have been made by the Bureauof Entomology. See

Circular91, Bureau of Entomology, U.S. Department ofAgriculture, issued July 3,1907,
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many cases from 5,000 bo 10,000 seed ticks were placed od the animal,

hiii only from l to 20 adults ever developed. Prof. II. A. Morgan
made the suggestion, based upon the observations made by liim in

Louisiana, thai the ration the steer was receiving was responsible for

this remarkably small proportion developing. At his suggestion we
changed the ration. The steer had been receiving dailj 1.7<i pounds

of corn chops and 5 pounds of prairie hay. The inspection tag on the

chop- guaranteed not less than 9 per cent protein crude and not less

than 1 pci- cent fat crude. At Professor Morgan's suggestion the

corn chop- were eliminated. Immediately a much larger percentage

of seed tick- developed to adults on the animal, although hi.- general

condition did not seem to have been changed materially. While

before a do/en adult- from many thousand seed tick- was the maxi-

mum, after the change in the ration hundred- developed from no

larger numbers of seed tick- applied.

ENEMIES OF TICKS.

At one time it was supposed that sowbugs may sometimes he

important factors in the destruction of tick e<^>. A number of

observations have shown that the greatly preferred food of these

i-opod- is vegetation either live or decayed. In laboratory experi-

ment- ArmadiUidium vulgan was found to feed on dead tick- and

also to devour the eggs whenever no other food was provided. Thirty-

eight sowhuLr <. furnished with S97 tick eggs, consumed 366 at the rate

of :; eggs per day each. In another case two sowbugs devoured 159

t ick eggs at the rate of 15 each per day. These results hardly seem to

substantiate the impression that sowbugs may be of considerable

economic importance. It should be emphasized thai the experiments

referred to were conducted in the laboratory, and the sowbugs were

deprived of other food. Under natural conditions the result- might

have been quite different.

The little "fire-ant " (Solenopsis geminata Fab.), which ha- recently

keen found to l»e acquiring a special taste for the boll weevil, undoubt-

edly destroys many engorged tick- that have dropped to the ground.

Experiments performed by placing tick- in the immediate vicinity of

nests of thi- ant -how that under Mich circumstances they must

invariably be killed. The nests of this ant are found throughout the

pastures in the South, and the total of the work done by them must

he considerable.

A number of dipterous larva.' have keen found feeding upon tick

and an undetermined species o\' Phoridse has been bred.

At one time we were inclined to believe that a chalcidoid parasite

»»f the rattle tick had keen reared. Early in 1906 such a parasite

wa- found in a pill box with the remains of an engorged tick placed

there the fall before. Upon sending the specimen to Dr. L. O. How-
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ard it was learned thai it belongs to a new species and genus! Chalci-

doids of the subfamily to which it undoubtedly belongs are known to

be parasitic on various dipterous larvae. Upon reexamination of the

remains of the tick a portion of a dipterous cocoon was found. Con-

sequently the hymenopteron was probably not a parasite of the tick,

although t lu i interesl remains, since the dipteron was probably para-

sitic on the tick.

A number of observations have been made showing that domestic

fowls frequently learn to remove ticks from cattle in barn lots. Mr.

F. C. Pratt observed a case in which the fowls regularly visited hides

hanging up to dry Un- the purpose of picking up the ticks which

dropped from them. Mr. J. I). Mitchell has witnessed "jackdaws"
(Quiscalus major macrourus) picking ticks from cattle near Victoria.

Tex., and the farmer informed him that he believed these birds kept

the cattle practically free of engorged or nearly engorged specimens.

Mr. S. E. McClendon, of the Louisiana Experiment Station, informs

us that he has repeatedly seen kingbirds (Tyrannus tyrannus) engaged

in the same work.

In connection with the enemies of ticks it may be stated that it

serins likely that mice are of some importance. In the laboratory

it was found that the best bait for mouse traps that could be used was

engorged cattle ticks. It seems likely that in the pastures field mice

may frequently devour ticks. Dutton and Todd (Human Tick fever,

p. 17) write as follows: 'Ticks are not without natural enemies.

Rats eat adults with avidity, and ants carry off young ones and

eggs. We have lost ticks in both ways. One occasion over twro

hundred young ticks were carried off in a single night by small

ants." These remarks apply to Omithodoros moubata in West Africa.

THE PRACTICAL APPLICATION OF THE INFORMATION RECORDED
IN THIS BULLETIN.

In the preceding pages at different places the special practical

importance of the data discussed has been mentioned. As a matter

of fact the work upon which this bulletin is based has been planned

to accumulate additional information for use in the practical work of

tick eradication. Some methods of control are satisfactory in certain

districts, but much less so in others. Plans that would be feasible

along the northern border, for instance, where the tick is on a rather

delicate equilibrium and is never found on the cattle for months during

the winter, would not be applicable to the moist regions along the

Gulf where the cattle arc infested throughout the year. Of the

variou> methods of eradication undoubtedly those of the widesl

utility are the ones which prevent the development of the ticks by

breaking up the relation between them and the cattle. Of these, the

more important are the feed-lot or soiling system for relieving the
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cattle of ticks and the pasture-rotation system (to be used in con-

junction with the former) for freeing the pastures.

In the feed-lol or soiling system the basis is the time occupied for

development on the host in connection with the time from the drop-

ping of engorged females to the hatching of seed ticks from eggs

deposited by them. In a tick-free inclosurej as a feed lot, cattle

may be left to drop their ticks until it is time for the eggs from the

first-dropped individual- to hatch. Information as to exactly when
ii will be uecessary to move the cattle to avoid reinfestation is given

in Tables I and II, which show the numbers of days at different seasons

Ix !'<>re ticks begin to oviposit after dropping and the time before the

first eggs deposited will hatch. In July, 1906, for instance, this was

from 25 to 27 days. The time required for all ticks to drop from

cattle, which indicates how long they must remain in one or more

tick-free areas, is shown in Table VII. The period is from 31 to 59

<la\ S.

The data necessary" for an intelligent/ plan of freeing pastures, by
removing the cattle until the death of the ticks, are given in Tables

A" and VI, showing the period from dropping to the death of all the

resulting seed ticks. The former table shows that if cattle were

removed from a pasture on June 20, 110 days later it would be per-

fectly safe to consider it tick-free.

The data referred to above, together with the results of other

experiments, have been arranged to cover maximum preoviposition

and maximum oviposition periods, for convenience, in Table VIII.

Table VIII.

—

Periods in the life history of the cattle tick upon which means of control

are based.

When ticks dropped.

Sept. 2.

Do.

Dec. 24.

Dec. 25.

Mar. 20
Apr. 19

Apr. 21

May 1.

May i.

May 19

May 2]

June 3.

June 4.

June 6.

Do
June 12

June 13

July 1.

July 13

Do

1905.

Period from dropping Minimum Maximum
to oviposition. „. . period from periodfrom

-

iSXtffii dr
?Fck?fo°

f:S-d—^'dr°^^
Minimum. Maximum. Pori° l1

- hatching
all dead.

Duns. Days.

9 10

5 6

5 6
ii 10

6 in

4 6

4 6

3 5

3 .'

•">

3 5

:< -1

:•! -1

3 5

.3 1

:; '

Dai/s. Dans.
.", 13

5 56 59
11 54 7.".

11 •17 68
11 47

10 39 18

6 33 S

6 2?
27

28

27

27

28

21

22

22

23

24

.lime 22

May 31

Aug. IN

Aug. 17.

A ue. 22

Aug. 28

S( pt. 20
< >ct . 7,

do...
34 Aug. 9

31 S

31 Sept. 22
:;i Aug. 17.

26 Aug. 26

26 \

26 Oct. 6

Sept. 26

25 ...do..:
i« i. 20

: eb. is

27 Jan. 23

adult tO
death of

seed ticks

Dayt
293
271

248

240

mi
17,-1

167

17,7

130
124

73

a 61
121'

L06

107,

a 111

194

a These licks were kepi in open-bottom test tul I
i sun at all times.
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In t lio above experiments (Table VIII) the eggs and swd ticks;

except those marked (°), were kepi in cylindrical tubes of J-inch

diameter inserted for about l
J
inches into sand or soil in receptacles

on or below the surface. These were kept in a cage on the west side

of tin* laboratory so that they were protected from the sun until 11

a.m. As soon as the eggs commenced to hatch, there was placed in

the tube a stopper of absorbent cotton which remained unremoved

until the death of the ticks. In cases marked (") the conditions were

the same, except that the tubes were exposed to the sun at all times.

The conditions furnished included a humid atmosphere and a min-

imum temperature as compared with the normal. The enforced

bunching and protection from wind and rain furnished additional

favorable conditions. It would seem that the periods are maxima
and hardly to be met with in the work of extermination. One unfa-

vorable factor met with, which could not be prevented, was the

growth of algae on the inside of some of the tubes. This accounts for

some of the variation in the Longevity.

In addition to the main practical data given the following are of

importance:

All experiments and observations show the close host restriction

of the cattle tick. Though the occurrence of the cattle tick on deer,

horses, mules, asses, and some other animals is comparatively rare,

it must be taken into consideration in the practical work of tick eradi-

cation.

Eggs are but little affected by water. When submerged, they

hatch in about the normal time. Seed ticks are also resistant to water.

In one case seed ticks survived submergence of 157 days. Adults

are less resistant, but in the summer they frequently survived sub-

mergence of 48 hours. Later in the season the resistance seemed to

be greater, some females surviving after more than 90 hours. It is

evident that water courses must play a very important part in tick

disseminat ion.

The adult cattle tick has only the most limited means of locomotion.

After it drops from the host it crawls but a few feet at the most.

On the ground in our experiments the greatest distance traversed

was only 2 1 inches.

On the whole, no very important enemies of ticks have been found.

Dome-tic fowls frequently devour considerable numbers of them, and

some wild birds also render valuable assistance in picking them off

animals or from I he ground,



NOTES ON VARIOUS SPECIES OF TICKS FOUND IX THE
UNITED STATES.

The r61e that Margaropus annulMus Say was found by Smith and

Balborne to play m the transmission of splenetic or Texas fever in

catt le impressed upon invesl igators the importance of ticks as carriers

of disease. Since t hat time the study of these creatures has progressed

rapidly. Smith and Kilborne, Lounsbury, Theiler, Maichaux. Salim-

IxMii. Dution and Todd, Motas, Kossel, Ricketts, and King are among
those who have demonstrated that ticks are the agents through which

various diseases of man and other animals are transmitted. What
i- greatly needed in this country at the present time is a convenient

means of identifying the various species. This the writers have

attempted, in a measure, to supply in the following pages, in which

will also be found notes on the life history and habits of such species

as they have encountered.

CLASSIFICATION AND HABITS OF TICKS.

The following key will enable one to determine the genera of the

various ticks found in this country:

KEY TO FAMILIES, SUBFAMILIES. AND NORTH AMERICAN
GENERA OF TICKS. IXODOIDEA ."

Scutum absenl Family Ai:<.a.-H'.k.

Scutum presenl Family I kodid e.

Family A K( IASI I ).]•;.

Capitulum at leasl its length from the anterior margin Genus Argas p. 42).

< Japitulum under a beak-like projecl ion, close to anterior margin.

< nam- Ornithodoros p. 45 i.

Family IXODID.F.

1. Palpi short, nol or only slightly longer than broad; capitulum short.

Subfamily Rhepk ephai i\ v. '2

Palpi plainly longer than broad; capitulum longer Subfamily [xodinjb, 5

Subfamily Rhipicephalin e.

2. Dorsal surface of capitulum hexagonal, the sides projecting in angles; male with

anal plates 3

This table is based upon those of Salmon and Stiles (1901) and Banks L904 . The
genus ( «T;ii ixodes is uol included (see p. 54 .

40
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Dorsal Burface of capitulum rectangular, sides straighl ; male ^ithoul anal plat<

:'». Second and third palpal Begmehts extend Laterally into sharp points; stigmata

aearly circular < renus Ifargaropus
I p, 19 i.

Sccmd and third palpal Begments even; stigmata comma-shaped.
( ieiiu< Rhipia /'/ml us p. 47).

I. Byes present; externa] border of palpi straight; coxae I bidentate.

( renus Di rmaa ntor p. 49 1.

Byes absent; external border of palpi uneven; coxae I nol bidentate.

I renus //.-' urn physalis
1

1

1

Subfamily [xodin i .

5. Anal grocj e surrounds anus anteriorly and opens posteriorly
;
eyes absent; stigma!

plate nearly circular < renus Ixodes i p. 5 I .

Anal groove Burrounds anus posteriorly and opens anteriorly; eyee present; stigma!

plate reniform < renus Amblyomma i p. 58

Lahille has recently published an ingenious graphic table for the

separation of the families and genera of [xodoidea. It is reproduced

Familias
SUB-ORDEN: ARPAGOSTOMA

....... ArqasU
Argasidae QJ J g _____ (Whodoros -

/ ,

"

<#$ Hrpmaphusalis'O $& 1

W

- Aponomma *

Anopli |

Anommatd
l J% Neumanmella

^-x
i

A.' Amblijomnna "

Ommata \24&k,
/xodidae/

1 Artiopli

< ******

«3\
Ommata

Perissopli) /Q\
'd % |Anommata\

Dermacentor •

$ Hyalomma

$ C5^ Rhl P lC^ohaluS
*

H C% ^--Boophilus
"

($§'.... - Ixodes
*

^ ..._ EschaLocephalus

{$.-——:- Ceratixodes*
Fig. 2. Graphic table for the s parationi fthe familiesand genera cf ticks. (From Lahille.) The

underscored genera are represented in the United States.

here as figure 2. The genera underscored are known to be repre-

sented in the United States. The suborder Arpagostoma of Lahille*

is the same as the superfamily [xodoidea of Banks, used by us.

Family ARGASID^.

The family Argasidae is represented by two genera, Argas and

Ornithodoros. They are readily distinguished by the characters

given in the table. The species are parasitic on mammals and birds.

a [xodides Aj-gent., L905, p. 21.
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Genus ARGAS.

The species belonging to the genua Argas are nocturnal parasites

of chickens, pigeons, and other birds, and occasionally attack mam-
mal-, man included. Two species are represented in tin- country

—

A.

miniatus Koch and A. sanchezi Duges. The former has been found

by Marchaux and Salimbeni to transmit spirillosis of fowl- in Brazil.

There is some evidence of the occurrence of this disease in the

I 'nit c< I States.

ADOBE TICK.

(Argus sanchezi Duges.)

This species was described in 1891 by Duges from larvae collected

at Guanajuato, Mexico, on a dove (Zenaidura macroura). In .-tinc-

ture it is very similar to .A. miniatus. Neumann's description is

based upon a number of specimens collected at Mariposa, Cal., upon

a quail, and at Santa Agueda. Lower California, upon a wild turtle

dove. Mr. Nathan Banks has specimens from Deming, N. Mex., and

from Arizona, and it is quite probable that it will be found in Texas,

and possibly farther north. Mr. Banks states that in New Mexico it

i- found in houses and is there known by the common name used

above.

FOWL TICK.

(Argas miniatus Koch.) a

This species was described in 1844 by Koch from Demerara. The

name Argas americanus, applied b}r Packard in 1873 and used largely

by writers in this country, is a synonym of A. miniatus. For excel-

lent illustrations of this species see Salmon and Stiles, Ixodoidea of

the United States, Plate LXXII and text figures.

The species is well distributed over the world. The record- include

Persia, Algeria, Russia, India, Australia, South Africa. Centra] and

South America, and, in the United States. Florida, Texas, New
Mexico, Arizona, and California. In southwestern Texas it is found

in large numbers in and about chicken houses and out-door roosts,

hiding away in crevices by day and coming out at night to engorge

on the fowls. Tin- specie- seems occasionally to attack mammals,
as Mr. J. D. Mitchell has taken it once in Texas from the rabbit.

A- pointed out by Lounsbury, the sexes arc so much alike that,

except by the size, the only safe way of separating them is through

the form of the genital orifice. To quote from him, "This orifice

[genital! is situated jusi behind the mouth part- on the under side of

the front of the body; that of the male is relatively inconspicuous

"Tin- name of this tick is in greal confusion. The one used by the writers is thai

recently adopted by Banks.
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and is surrounded by an oval ring, and ihai of the female appears

as a transverse slit in the leathery surface. Both sexes are of the

same dimensions when they become adult. The nude, however, dors

not perceptibly increase in length and width 1>\ feeding, whilst the

female docs, and hence amongsl specimens collected aboul a fowl

house the females are generally larger than the males."

Its life history has been worked out by Lounsburj at Cape Town.
As brought out by him, the life cycle and habits are strikingly dis-

similar in some important respects from those of the true tick-, the

general habits being, found much more like those of the bedbug

(Cimex lectvlarius L.) As might be expected, we have found the

stages in the life cycle to vary somewhat from those he found. Unlike

the ticks of the family [xodidse, this species feeds for but a lew hours

at a time, and then always at night, excepting in the larval stage,

when we have found it to remain attached for five to eight days

before dropping. There is also an extra nvmphal molt. Unlike the

ixodid ticks again, these do not die following engorgement, but live

on, ovipositing repeatedly. Within a week or ten days from one

feeding in warm weather they again find a fowl and engorge. As
many as five different feedings as adults have been recorded by Louns-

l)ii ry, each followed by the deposition of eggs.

In our experiments seed ticks were placed upon a fowl and obser-

vations made 1 to determine the period of larval attachment. In

about three days from attachment they became rounded and black

from the engorgement of blood. A few hours before dropping they

commenced to flatten and assume the typical Argas shape. Attach-

ment continues for from five to eight days. In September and Octo-

ber fourteen days were found to pass after dropping before molting

took place. The attachment for second and third engorgements

Lounsbury found to last but a few hours, about two weeks to pass

after the second, and a like period following the third engorgement

before molting.

Table IX. Oviposition of Argas miniatus at Pallas, T, c.

Firsl engorgemenl
r< corded.

Firsl oviposition.

When collected.

Fr - To
Num-
ber of

days.

ber of

1906.

Mav 12 June 23
\l.-.> 1

7

Mav L6

May 17

Ma
Aug. 1

July -1

May 30
Maj 23

May 29
June 3
Mav 24
Ma'\ 22

Mav 20

Vug. 10

il>

1

1

8

13

17

7

7

I'.l

LO

113

274
158

L69

L94

:,()

32
L30

Do do
Do fin

Do .do
Do .do
Do
I)»

Mar. 24

Do
Apr. 17-18

do
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Table IX. Ovipo&ition of Argas miniatus at bulla*. Tex. Continued.

When collected.

-1
.

'-"- Num-
ment.

i |,,

Num-
ber of

Third
engorge-

Total
num-
ber of
eggs.

May L2

"iso

193

"

Oct. "22^23"

3a

113
1)..

Do
Do

Aug. 8- U Aug. 14 Aug. 24 11

Aug. 9-10 Aug. IS A ... 7

Aug. in ii Aug. 16 Aug. 25 10
Aug. 15-16 Aug. 21 Sept. 4 15

Aug.17-18
Aug. 23-24*

454

I)<»

1)..

148 Oct. 17-18

50
I).,

Mar. 24

Do
Aug. 7- 8 Aug. 17 Aug. 24

Aug. 1- pt. 2 10
55
154 Oct. 16-17

185

a Dead. engorgement.

Adult ticks weighed before and after engorgement were found to

increase in weight more than 300 percent.

In order to determine the incubation period, 35 daily lots of eggs,

deposited between May 16 and September 1, were recorded. Of
these, four lots commenced hatching in 14 days, 26 in 15 day-, and 5

in 16 days. In the incubator eggs deposited August 2] and subjected

to a mean temperature of 99.8° hatched on August 29, the maximum
temperature being 108°. From experiments carried out by placing

eggs and seed ticks in an ice box and exposing them continuously

,

these were found to be exceedingly resistant to cold. Eggs deposited

August 27 were exposed from September 8 to October 1 to a mean
temperature of 48.9°, a maximum of 67° and a minimum of 37 .

These commenced hatching October 6. Two lots of larvae, one of 13,

that hatched September 2, and a second of 30, that hatched Septem-

ber 8, were exposed in the ice box from September 8 to October 22

to a mean temperature of 45.9°, the maximum being 67
c and the

minimum 36°. These were all alive when removed and were as active

as ever October 25.

At Dallas larva? kept submerged in water to a depth of about an

inch lived for 11 days.

The length of life of this tick and its capacity to exist in the absence

of a host are surprising. At Dallas larvae kept confined in summer
'in pill boxes immediately after hatching lived about two month-.

some surviving somewhat longer. Larvae of Margaropus annulatus

kept under similar conditions live for but two or ihret days at the

most. In Australia Robertson found the nymphs to live in pill boxes

for about the same period as we have found the larvae to survive.

The longevity of the adult, however, is most remarkable. Riley

reports an adult specimen as remaining alive in a corked vial without

food for five years. Robertson has found them to remain alive for

two years and three month- and Dr. Cooper Curtice' informs US that

he has kept them alive without food for more than two year-. In

our experiments adults collected in March. 1906, and kept in corked

oProc. Ent. Soc. Wash., [II, p. L21.
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vials are still alive, March 1 , I

(.m)7, although ;> aumber have succumbed.
Not less surprising than the longevity of the adult is its resistance i<>

insecticides. Lounsbury has kepi adults confined for three months
in a box nearly filled with Bowers of sulphur with qo apparent effect

on them. lie has also exposed them for two hours to hydrocyanic-

acid gas at the strength of 1 ounce of potassium cyanid to 150 cubic

feet of space and found that this scarcely served to decrease their

activity. Further, many individuals survived for some days after

treatment with paraffin and various oils.

Genus 0RNITH0D0R0S.

Ornithodoros, the second genus belonging to the Argasidse, is

represented in the United States by two species, 0. megnini Dug.,

and 0. turicata Dug., both known to attack man.

A species widely distributed through Central and South Africa,

0. moubata, was reported by Dr. Cuthbert Christy (1903), of the

Liverpool School of Tropical Medicine, as the probable transmitter

of tick-fever in man. In 1905 Dutton and Todd/' not knowing oi the

work of the other investigators, demonstrated that "tick-fever" in the

oriental province of Kongo Free State is a relapsing fever produced

by a spirillum, probably Spirillum, (Spiraclisete) obermeieri, and that

this organism can be transmitted by the bite of the tick.

The life cycle of members of this genus has yet to be followed.

Lounsbury states that 0. savignyi begins to engorge at once when
applied to a host, and that generally it is off again in an hour. After

an engorgement , he states, it rests for many weeks or months and, gen-

erally, at least, sloughs its skin if immature or lays eggs if a mature
female before again seeking an animal.

It is suspected by Mr. Nathan Banks that a species of the genus

transmits a disease of cattle in California.

SPINOSE EAB TICK.

(Ornithodoros megnini Duges.

This tick was first described in 1883 by Duges, from Guanajuato,
Mexico, as a species of Argas. It has been reported in the United

States from New Mexico. California, Kansas, and Nebraska, and is an
important tick in Texas. The writers are informed by a rancher in

the western part of the State that considerable injury is due to the

irritation produced by it in t he ears of cattle and that its presence can

often be told by the rough appearance of the hair. A prominent

stockman in Dewitt County states that, in his opinion, it is second to

the I'cvcv tick in importance. In addition to cattle it is found upon

horses, asses, dogs, and sheep, and has keen reported several times

from man. Mr. J. I). Mitchell, of the Bureau of Entomology, reports

two cases at Victoria, Tex., in which specimens were taken from

human car- by a physician, following prolonged severe pain. Mr.

a Memoir X VI I of the Liverpool School of Tropica] Medicine.
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Mitchell informs the writer- thai he has known this tick to climb 3

feel From the ground and deposil its eggs in a crevice on the corner of

a house and in other cases in cracks in the bark of tree- at about the

same height. From the action of Specimens confined in uearly verti-

cal vials he supposes that the species normally climbs some distance

upward For the purpose of depositing the eggs.

The nymph and adull are quite different in appearance, so much so

that Nen ma nn states that he would hesitate to consider the two forms

as belonging to the same species had he not found a cast skin about a

female. Marx figured the nymph as a new genus and species, Rhyn-

chojrrium spinosum.

Stiles and ETassall have described and figured a pupa-like stage of

this tick. This, however, does not seem to he a true resting stage, as

specimens run very actively when removed and placed in boxes The
present writers, from live material in hand, are inclined to consider

the so-called pupa-like stage as merely the engorged larva.

The longevity of 0. megnini seems to be much like that of Argas. A
specimen collected by the writers in July, 1905, lived to beyond Jan-

nary 12. 1907, having been kept in a pill box for a year and a half.

TURICATA TICK.

nithodoros turicata Dug&s.)

This tick was originally described from Mexico. It attacks man.

the punctures causing large swellings that remain for several days

and are followed by severe pain. It has been reported from South
America on the llama; from the United States, in Florida, on a land

turtle (Gopherus polypJiemus) and in a snake's burrow, in Texas on
hogs, and in California. We have a specimen taken at Burnet. Tex.

In the Canadian Entomologist for 1900, page 20, Lounsbury men-
tions the possibility of the African species 0. savignyi being intro-

duced and identical with 0. turicata. lie states, "Neumann in his

monograph does not give extensive ground for separating 0. savignyi

and 0. tmicata. In this country [South Africa], natives are known to

carry the tick unintentionally with their belongings from place to

place. It might easily have been introduced into America with slaves

in the last century or earlier, just as negroes returning to Africa are

said to have introduced hew the jigger (lea (SarcopsyUa penetrans L.).

This latter insed continues to spread and is now found as far south as

Durban, Natal."
Family IXODUXffi.

The members of the family [xodidse from their structure naturally

fall into two subfamilies as suggested by Salmon and Mile-. The

first, Rhipicephalimc, comprises the forms witli short, more or less

conical palpi, represented in this country by the genera Rhipicephalus,

Margaropus, Haemaphysalis, and Dermacentor; the second, subfamily
l.\odina\ includes forms with long palpi and is represented in the

United States by the genera Ixodes^ Amblyomma, and Ceratixodes.
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Subfamily RHIPICEPHALINJE.

Genus RHIPICEPHALUS.

The genera Rhipicephalus and Margaropua (formerly Boophilus)

are structurally so similar that Neumann and Fuller consider our .1/.

annulatus as belonging to the genus Rhipicephalus. All species of

Rhipicephalus, so far ds studied, including BveSoutb African forms

Investigated by Lounsbury and one taken by us, drop Prom the host

for the purpose of undergoing at least one of the molts. The three

species placed under Margaropus thai have been studied pass both

molts upon the host. This would seem to supplement the structural

differences in indicating the generic validity of Margaropus.

Fig. 3.—Rhipicephalus sp.: Capitulum of female, ventral view. Greatly enlarged (original).

BROWN !)()<; TICK.

/;/// pin phalus sp.

i

Salmon and Stiles in 1901 stated that they were not acquainted

with any North American species, although they called attention to

the fact that R. sanguineus had been reported by Neumann from

Panama, I!, bursa americanus from Jamaica, and an undetermined

species from Porto Rico. Banks a records an undetermined species

from Colorado. What appears to he ;i new species has been taken

quite generally from dogs in the southern part of Texas and also

at Tlahualilo, Durango, Mexico (see figs. 3 and l and PI. III. fig. 5).

»The Arachnida of Colorado. Ann. X. V. Acad. Sci., Vol. VIII, 1905.
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It may be called the brown dog tick. Our specimens are from nine

different localities and were all taken on dogs. Unlike Dermacentor

variabilis, Mr. Mitchell in-

forms us, this species occurs

on all parts of the body of

dogs. Nathan Banks in-

forms us that this form is

closely allied to It. sangui-

neus. It is probably the

same as was referred to as

R. sanguim us in the annual

report of the Bureau of Ani-

mal Industry for 1905, page

35.

Lounsbury lias found live

species belonging to the

genus Rhipicephalus that

transmit African coast fever

in cattle. The possibility

of the transmission of dis-

ease by- the species we have

found remains to be inves-

have made on the life history

Fig. 4. Rhipicephalus sp.: Coxae of male and fcmak
i freatly enlargi <l (original).

tigated. The following are notes we
of this form

:

Table X. -0 [position of Rh I"'
1

(
phalli

s

SJ). . from dog.

First eggs deposited. "Oviposition complete d.

Period of
ovi-

position.

1'eriod

from
dropping.

Apr. 2..

Apr. 5..
Apr. 7.

.

... May 5...
Day *.

34
31

20
20

Days.

. . . May 5...

. . . Ma y 1 . .

.

37

33
Apr. 8..
Apr. 18.

erage

... Apr. 27..

... May 7...
29

39

A\ 26 35

In the above lot of five ticks collected March 29, as will be seen, the

maximum period of oviposition was 34 days, the minimum 20, with

an average of 26. The maximum number of eggs deposited in a lot

of seven ticks collected July 22 was 1,270, the minimum 91, with an

average of 636. An engorged tick collected April 30 commenced ovi-

position May 11, continuing for 12 day-, a- follows:

Table XL- Rati of oviposition in Rhipicephalus sp., from dog.

Number of eggs deposited—

Total.May
L0.

May
1..

May May
12. 13.

17'.i 235

Mav
14.'

18]

May
15.

107

Hi.' 17.'

ss los

May
lv

no

May Mav May
L9. - -

9

Mav
-

\| j

24.

May
25.

70 27 20 o («) 1.209

a Dead.



Bui. 72, Bureau of Entomology, U. S Dept. of Agriculture. Plate III.

The North American Fever Tick and Other Species.

Fig. 1.

—

Margarapus annulatus, male. Fig. 2

mal plate "i" tfargarnpu* annulatux, male
HxmaphymUsleporis-palustris. female. Fig. ::.

Fig:. L—Mouth partsof Ixodes cookei.

Stig-

Stig-
mal plate of JRhipiceph dins sp., male. Fig. 6.—Stigmal plate of Amblyomma iii<t,-iii<iiun,. femall
Figs. 1. 'i. much enlarged; fig. i. more enlarged; figs. :'..">. 6, highly magnified. (Original.





Bui. 72, Bureau of Entomology, U S Dept. of Agricultur Plate IV.

Stigmal Plates of Ticks.

Fig. 1.—Stigma! plates and anus of Dermacentor nitens, male. Fig. 2.—Stigmal plate of same.
Fig. :-?. -Stigmal plate of Amblyomma cajennense, male. Fig. L—Same, female. Fig. 5.—Stig-

mal plate of />' fume ntor vat iabilis, female. Fig. 6.—Stigmal plate <>f l>< rmnenitm-nrri'iriifti/is.

Highly magnified.
I
Original.

|
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The incubation period of eggs deposited during the middle of April

w as 6 weeks and of those deposited al the end of thai month, 33 days;

Beed licks that emerged the first of June lived for LO weeks, when kept

in test tubes on sand.

Attempts were made to rear this species by placing >oc<\ ticks on

dogs, bul with pooi- success, as few seemed to attach. A dog was

Infested with seed ticks on May 29, hut none could he found attached.

On duly 13, however, three adult ticks, two partially and one nearly

fully engorged, were found between the toes on a front foot. One of

the small ticks dropped duly 11 and the engorged one on duly L5.

In the middle of October several males of this species appeared upon

tlu 1 dog, and these must have come from the above lot of ^cd ticks.

They were found to change the location of their attachment from

day to day. Our conclusion is that this species drops to the ground

for both molts.

Genus MARGAROPUS.

Neumann stands alone in suppressing Margaropus (Boophilus)

Under Rhipicephalus. Although the two groups are closely related,

it seems evident, not only from their structure but from their habits,

that they form two distinct genera.

Neumann's latest arrangement of the forms is as follows:

R. (M.) annulatus (Say). Southern United States.

R. (M.) annulatus var. australis (Fuller). Australia, the Antilles,

and South America.

It. ( M.) annulatus var. calcarata (Birula). North Africa.

R. (.1/.) annulatus var. decoloratus (Koch). South Africa.

R. (J/.) annulatus var. caudata Neumann. Japan.

R. (M.) annulatus var. argentina Neumann. Province of Buenos
Ay res.

X eu ma mi considers that R. (M.) microplus (Canest.) is very prob-

ably identical with R. ( M.) annulatus var. australis.

The first portion of this bulletin deals with the sole North American
representative of this genus, M. annulatus (see PI. Ill, figs. 1, 3).

Genus DERMACENTOR.

This genus is characterized by the presence of cleft front coxae in

both sexes, the fourth pair of an immense size in the male hut normal
iu the female. The structure of the stigmal plate furnishes valuable

characters in specific determination in this genus as do the porose

areas.

Salmon and Stile- in 1901 lrd hut three species before them from
the United States, which they identified as D. electus Koch (varia-

bilis Say), D. reticulatvs .Neumann, and D. variecjafus Neumann.
571)5- No. 72-07 4
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The Bpecies which they then listed a^ D. reticulatus Neumann is now
considered by Doctor Stiles and Mr-. Banks as Neumann's D. occi-

dentalis, described from specimens collected in Sonoma County, Cal-

ifornia, and Labeled D. occidervtalis by Marx. The I). reticulatus of

Salmon and Stile- is now considered bj Banks as albipictus Packard.

While D. reticulatus Fabriciusis widely distributed, being found in

Europe and Asia, so far as known ii has not been taken in this coun-

try. D. paruwnapertus, described by Neumann in 1901 from 4 female

specimen^ taken at Lakeside, Cal., labeled as taken on a man and in

a chicken bouse; and D. bifurcatus Neumann, from a wild cat in

Texas, described as Ixodes and later referred to the genus Derma-
centor, seem to come close together, although they may be distinct

species. According to Mr. Banks, Ixodes nigrolineatus Packard is a

Dermacentor. To those referred to can now be added Dermacentor

nitens Neumann, which has been collected by Mr. J. D. Mitchell, of

this Bureau, making a total of 7 described species so far known to

occur in the United States.

AMERICAN DOG OR WOOD TICK.

(Dermacentor variabilis Say.)

Synonymy (on the authority of Mr. Nathan Banks): I), americanus authors (not

L.); D. electus Koch. 1814: Lodes albipictus Pack. (1st Peabody Acad. Kept., p. 66,

nol Guide and Am. Nat.); I. quinquestriatus Fitch, 1871; I. robertsoni Fitch, L871; /.

punctulatus Say, 1821(?).

This species is distinguished by the finely punctate stigma] plate

(see PL IV, fig. 5). It is widely distributed over the country, and has

been taken commonly in northern and southern Texas and in Florida

on the dog. In some sections of Texas. Amblyomma maculatum and

RMpicephalus sp. are the common ticks on the dog, which is also the

case with I. scapularis in Florida. Neumann records a male taken

on a rabbit, Lepus callotis, by Duges, at Guanajuato. Mexico. Cattle

also serve as hosts.

Prof. II. A. Morgan records 7,378 eggs as deposited by a single tick

between May 8 and 26. These eggs commenced hatching on August

20, an incubation period of 27 days. Our records include data on the

deposition of eggs by a tick collected April 30, oviposition commenc-
ing May 8. The details follow:

Table XII. Oviposition of Dermacentor variabilis.

Number of eggs deposited—

a

32

-

-
-

72

©

-

1,4

_

-

232

-

251

-

s

3

237

2
>.
-

a

246

- -

a

*

-

a

L

a

cM
>.

153

i-
a

ri

-

a

L04

-

- -

a -

71

a

>.
a
a

t-
:

>.
-

a

K

1
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In five lots of eggs deposited in April the incubation period varied

from 37 to 43 days. Four lots deposited during May prior to the loth

hatched in 33 or 34 days. Seed ticks thai hatched from eggs deposited

M;i\ 10 lived until November 8 or 10, being alive November 6, hut

Jill were dead on November 10.
r

l he period of survival was thus six

months from deposil ion.

Under summer temperature Prof. II. A. Morgan found engorgemenl

of the adult to take place in from ."> to 8 days. He concludes thai the

larvae and nymphs attach to mammals other than cattle, as the species

has only been found on cattle in the adult stage, and attempts to cause

seed ticks to attach failed.

\ ET TICK.

I h rmact ///•</• <«</'</< ntalis Neumann.)

This species (see PI. IV, fig. 6) was received by Marx from Occi-

dental. Cal. lie determined it as a new species, labeling it D. occi-

</< ntalis. Several writers have made use of this name, but it remained

for Neumann to describe it for the first time- in 11)04, placing it as a

variety of P. reticulatus Fab. Curtice in L892 referred to it briefly as

I), aim ricanum {variabilis). It is now considered by Banks to be a

distinct species and is the one referred to by Salmon and Stiles as

reticulatus. The true I), reticulatus Fab. is not represented in our col-

lections, although it may possibly be found to occur here when a

thorough tick survey is made.

The species seems to be a western one, being found in the region of

the Rocky Mountains especially. The Bureau of Entomology and
Marx collections contain specimens from California, Washington,

British Columbia, Colorado, New Mexico, and Texas. Salmon and
Stiles also record specimens from Oklahoma and Tennessee. In a

specimen taken from a deer skin at Kerrville, Tex., we have what is

apparently this species, there being some doubt because of the poor

condition of the Individual. The recorded hosts include cattle,

horse, sheep. di^T. and man.

ELK TICK.

Dermacentor albijrictus Packard.)

Dermacentor albipictus Packard, Am. Nat., [I, p. 559; Guide to the Study of In-

Bects, 9th ed., p. 662. Not Lsl Rept. Peabody Acad., p. 66. (See Banks, A Cata-

logue of the Acarina or Mites, Proc. I. S. Nat. Mus., Vol. XXXII. 1907, p. 008.)

This species is found commonly on the wapiti or " elk " (Cariacus

canadi nsis) in the States of Washington, Montana, Nebraska, Nevada,

and New York. Salmon and Stiles report that game keepers on the

reserve of the Blue Mountain Foresl Associal ion complain of its being

very common on the wapiti and that it kills [lumbers of them.
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Theysuggesl the possibility of disease being transmitted by it. The
specimens in the Bureau of Entomology collection from Nebraska
were taken on t he beaver.

mmMkt

TROPICAL HORSE TI< K.

Dermacentor nitens Neumann.)

This species is readily distinguished by the characteristic structure

>f the stigmal plate. (See PL IV, figs. l,2,andtexi figs. 5 and 6.) By
collections by Mr.

J. I). Mitchell from

the ear- of horses at

Brownsville and at

Harlingen,Tex., this

species has been
added to the list of

ticks found in this

country. The spe-

cies was described

b y N e u in a n n i n

1 897 fromspecimens
in the Marx collec-

tion, locality un-
Fig. 5.—Dermacentor nitens: Capitulum of female. Greatly enlarged kllOWll, and fl'0111

specimens from San

1901 Neumann listed it

-Dermacentor nitens: Capitulum of female. Greatly enlarged

(original).

Domingo and Jamaica on the horse. In

from Guatemala, Venezuela, and Porto Rico

A single specimen, appar-

ently of this species in the

oymphal stage, was taken at

Kerrville, Tex., by Mr. F. C.

Pratt from a deer skin that

had beenremoved inJanuary.

Genus H^MAPHYSALIS.

The ticks belonging to this

genus may be readily recog-

nized by the presence of con-

spicuous lateral prolonga-

tions on the second palpal

rients. The eyes are ab-

sent : the coxae of the male

are all provided with spines,

thoseof thefemale with small
tubercular processes. Neu-
mann mentions two species from North America. //. leporis-palustris

Dermacentor nitens: Coxae of male and female.

I iy enlarged (original i.
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and //. conc'iniKt , hut Banks informs us thai be lias not round the

latter in this country. He recognizes H. chordeilis Packard as the

form occurring in the eastern United States.

A South African species, //. leachi, has been determined by Louns-

hury to transmit malignanl jaundice of dogs. 'The larva and nymph
both drop from the host to molt. Both engorge quickly, sometimes

in less than is hours From the time they attach; usually, however,

remaining from 65 to 75 hours.

RABBIT TICK.

/ /./ ma pin/sal is It poris-pal ustris Packard).

Synonym: Gonixodes rostralis Duges.

Packard described this species (see figs. 7, 8, and PL III, fig. 2) in

1869 from a female specimen collected at Fort Macon, N. C, on a

Fig. 3. Hzmaphysalis leporis-palustris: Coxae of

maleand female. Greatly enlarged (original).

rabbit, Lepus palustris. Marx
reported the species as quite com-
mon in Kansas, Texas, and Cali-

Pio. 7. Hxmaphysalis leppris -palustris: Capit- forma. Dr. Cooper Curtice has
alum and scutum of female, dorsal view, taken an engorged female from a
Greatly enlarged original .

,
• m i

•
* 1 1 1horse m Lexas, and it has been col-

lected in Mexico, the host not being, given. Neumann mentions an
engorged female m the museum of Paris labeled "from Brazil" and a
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molting nymph taken on a Paradoxurus by Forbes in the Malaysian

archipelago. Lahille report- it from Argentine Republic. During the

pasl two years n has been collected in Texas b^ agents of the Bureau at

eight different times from rabbits and hares. The species seems to be

generally restricted to the genus Lepus, but two instances of other

hosts Laving been recorded and these probably accidental. On the

rabbit the ear .seem- a favorite place for attachment. As a more
extensive collection of the tick is made it will undoubtedly be found

to occiif in a much greater territory than is now known. A few note-

on the life history of this species have been made by us.

Tabi i: XIII. Oviposition of Haemaphysalis leporis-palustris.

Number of eggs deposited

Total.M
20.

May
21." 22.

May
-

May
24. 25.

May
26.

May M
27. 28.

May
29. :.U.

May June
31. 1.

June
- .

260 110

47

228
2
70

140

39
48

131

8
43
7

98
7

29
17

72

3
22
22

4
(1

14 12
21 13

(«)

14
4

(«) 1.112

i

99

7

9

13

5
7

1 (a)

a Dead.

Table XIV.

—

Period of incubation and longevity of Haemaphysalis leporis-palustris.

Eggs depos-
ited.

Hatching SSiST
commence!

tl(£
c

pt[od.

Remarks.

May 20-23
M

1
24-29

September 2-5

.

June 20
June 23
September 20

.

11

30
24

March .">. dead.
March ."). dead.
May 11. dead.

Subfamiiy IXODINJE.

Three genera of this subfamily, Ceratixodes, Ixodes, and Ambly-
omma. are represented in the fauna of the United States. They may
be readily distinguished. The Ixodes have long club-shaped palpi,

the form of the third segment being typical of the genus (see PL III,

fig. 4). The male and female have only the firsl coxae provided with a

spine of varying size; the anal groove surrounds the anus anteriorly",

opening posteriorly; eyes are present. In Amblyomma the palpi are

long but cylindrical; the male has a long spine on the first and fourth

coxa3, while in the female only the first cox;;' have spines, the others

possessing tubercles; the anal groove surrounds the anus posteriorly

and opens anteriorly. Ceratixodes, with pointed palpi, occurs on sea

birds.

Genus IXODES.

The Castor Bean Ticks.)

Previous to 1796 all ticks were placed tinder the Linmvan genus

Acarus. In thai year Latreille erected the genus Ixodes, giving /.

nanus as the type species. For many years following all ticks
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were described as belonging to this genus, as is the case, with the

species of Say, Fitch, and Packard.

Of the genera represented in the United States this bas the largest

number of species. Fourteen are recognized, as follows:"

/. ricinus L., 1. frontalis Panzer, /. scapularis Say, T.fuscus Say,

/. brunneus Koch, /. uria White, /. cookei Packard (Synonyms: I.

cruciarius Fitch, and /. hexagonus of S. & S., on the authority of

Nathan Banks), /. arcticus Osb., /. diversifossus Neum., /. (/(Hiatus

Neum., /. angustus Neum., I. inchoatus Neum., /. sculptus Neum., and

/. californicus Banks.

Of these, four have been taken in Texas by agents of this Bureau

—

ricinus, cookei, scapularis, and sculptus.

Comparatively little is known of the life cycle of the species of

Ixodes. The work of E. G. Winder on "Louping 111 and the Grass

Tick" (/. ricinus) is about all that has been done. It seems prob-

able that all species drop to molt.

A- Mally ascertained to be the case with /. pilosus in South

Africa, we have found engorged females of I. scapularis to dry up
in captivity before ovipositing. From Wheler's studies and our

experience moisture seems to be a necessity in order that molting

may take place.

The longevity of the larvae of ticks of this genus must be excep-

tional, even when some of the long-lived species of other genera

are considered. Wheler mentions larva? (I. plumbeus?) which

hatched on October 9, 1898, from eggs laid in August, that lived

until the beginning of August, 1899, or about 10 months. They
were kept in a bottle with a sprig of moss and some damp sand.

AMERICAN CASTOR BEAN TICK.

i Ixodes root, i Packard, i

Synonymy(oi) the authority of Nathan Banks): Ixodes cruciarius Fitch; I. hexagonus

S. & S. (not hexagonus Leach, 1815); /. hexagonus var. longispinosa Neum.

This species (PI. Ill, fig. 4) was described by Packard from speci-

mens on a woodchuck, Arctomys monax, at Salem, Mass. Neu-
mann, in 1899, placed the American form with the European 7.

hexagonus, but in 1901 he separated the two as varieties. Salmon
and Stiles, in 1901 , followed Neumann, who at that time had all their

specimens. Banks has examined the National Museum material

and considers longispinosa the same as I. cookei of Packard, but

states that there may be a true hexagonus in this country, though he
has not seen it.

o According to Nathan Banks, I. nigrolineatus Packard is a Dermacentor.



56 NORTH AMERICAN FEVER TICK AND OTHER SPECIES.

We have taken this species in Texas from a goat, a raccoon, and

a skunk. Neumann record- ii as taken in the United States from

the otter, mink (Putorius vison I, sheep (Texas), spermophile, domestic

cat (Maine), fox (Colorado), weasel, porcupine, and marmot.

EUROPEAN I A.STOB BEAN TICK.

Ixodes ricinus Linnaeus. I

From it- general distribution throughoul Europe this species has

been called the European castor bean tick.

Mr. Banks informs us that in this species the front tarsi are

longer than in any other species of the genus found in the United

States; that in structure it is very similar to /. scapularis, but the

porose areas are larger and closer together and the -cut um is more

angulate on the sides than in that species. Neumann, in his list

of hosts of the adult stage, includes sheep, goat, cattle, horse, stag,

roebuck, dog, cat, fox, ferret, hedgehog, and man: the nymphs and

larvae having occasionally been found on lizards, birds, hares, rab-

bits, squirrels, polecats, ferrets, hedgehogs, mules, bats, and mice.

In the United States he lists it from Maryland. " Carolina," Florida,

California, Kansas, and Texas, on Lepus sylvaticus, Felis partialis,

cattle, opossum, gray fox, panther, and wild cat. While we have

expected to find it frequently in Texas, in but a single instance has

it been taken. This was by Mr. F. C. Pratt, at Mountain Home,
from a dog. In Louisiana Prof. H. A. Morgan reports it as found

on mink in all its stages, but on cattle only in the adult stage.

Although this is an old and widely distributed species, but little

study has been made of its life history, that of E. G. Wneler, of

England, in 1899, standing practically alone. His most valuable-

studies were made to determine the relation of the tick to "Touping

ill" of sheep, with which, in the light of present knowledge, it seems

to have only an accidental connection/' The following is the sub-

stance of Wheler's observations made in England and published in

1899:

The adult females are readily recognized before they become dis-

tended by their deep-red bodies, dark-brown legs, shield, and other

points. The males are of a uniform dark brown. A record of 2,050

eggs from a single female is given, and a very interesting account of

the remarkable process of oviposition. Larvae, upon finding a host,

attach, and remain for about 2 days, by which time they are distended,

black, and globular. Fully distended larvae received February 7 and

kept in a bottle became hard. dry. and torpid, but on April 29, after 11

weeks, were found to have changed into nymphs and resumed active

habits. After molting the nymph takes up its position on the herb-

just as the Larvae had done, for a chance of attachment to a host.

"Journal of the Royal Agricultural Society of England, Vol. X, pt. 4.
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Whereas adults seem to confine themselves mostly to sheep, cattle,

and deer, the larvae and nymphs attach themselves very readily to

various hosts, such as horses, dogs, and human beings. About a

dozen distended nymphs taken Prom sheep May 29, though kept

moist, had the same dry appearance as the lana\ as before described.

These molted about July 19, about II weeks after removal from

the host . For some time previous t bey had appeared dead, no mot ion

of the extended legs being perceptible. Of these about half proved

to be males. About 10 days passed before the sexes attained their

proper color and strength. On reaching the adult stage both males

and females again wait on herbage for a passing host. At this time,

as well as after distention of the female on the host, an action which

appears to he sexual intercourse freely takes place even in confine-

ment. The rostrum and other mouth parts of the male are Inserted

in the genital opening of the female, which is situated between

the bases of the posterior pair of legs. On the host the females grad-

ually distend, and in the course of so doing vary much in color and

appearance, so much so in this case that it is difficult to believe that

they are of the same species. Of the exact periods of engorgement

we are not informed. Under unfavorable conditions larvse have been

kept alive for 4 months. Nymphs were kept alive for 6 months and

adult males and females for 4 months, being still alive at the time of

writing (1899). Without moisture, when kept in a dry empty bottle,

neither larva', nymphs, nor adults survived more than 2 or 3 days.

Females exposed to 25° F. for a night were found to be but little

affected.

This species, according to recent investigations of Kossel and others

in Germany, transmits European piroplasmosis of cattle. The fact

that the organism Pirojrtasma bigeminum is the same as is found in

this country lends great interest to investigations to determine

whether I. ricinus may not transmit Texas fever in the United States.

BLACK-LEGGED- TICK.

(Ixodes scapularis Say.)

Say states that this species is rather common in forests, and is fre-

quent lv found attached to different animals. Neumann has not

recognized the species, but Banks has identified it with a form com-
mon in some parts of the South. In Texas we have collected it from

^\ri^]- and dogs, and in Florida from dogs. In the latter State it seems

to be very common, and was taken at Hawthorn, Orlando, and Fort

Myers.

This species is remarkable for the size that the engorged seed tick

reaches. These are as large or larger than the engorged nymph of

Margaropus annulutus, although the adult is not as large as the adult

Margaropus. Large numbers of seed ticks and adults have been
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taken on dogs, though as yet not a single nymph. This suggests the

remote possibility that the species may pass from the larval to the

adult stage at a single molt.

m l LPTURED TICK.

/ -/-A .•>• sculptus Neumann.)

This species was described in 1904 from a female specimen taken

with a female /. ricinus in the Santa Cruz Mountains of California.

So far as known it had not been taken since until Mr. F. C. Pratt col-

lected it on prairie dogs at Sherwood, Tex., November 2, 11)06.

More extensive eollection will undoubtedly show a wider distribution

than i- now known.
Genus AMBLYOMMA.

The species of the genus Aniblyomma are distinguished by the

palpi, which are long and cylindrical. The male has the first and
fourth coxre armed with a long spine; the female has only the first

coxae with a spine, the others with tubercles. As far as known all the

species drop from the host for each molt. Lounsbury has found

Amblyomma liebr&um to be the transmitter of heartwater in cattle,

sheep, and goats, and has carefully worked out its life history.

The genus is represented in the United States by four species

—

americanum, cajennense, maculatum, and tuberculatum. A fifth

species, A. multijmnctum, is described by Neumann from two speci-

mens taken on a tapir and an antelope (Dicranocc t u s furcatus) in

"North America." These are reported as collected by Donckier.

As no species of tapir is found north of Nicaragua it seems probable

that A. multipunctum must have been taken from that section of

North America.

Table for Separating the Species of Amblyomma of the United States.

(Adapted from Neumann.

males.

1. Marginal groove extending around the posterior border 2

Marginal groove not extending around the posterior border t. tuberculatum.

2. Coxse I bicuspid 3

Coxae I armed with one long spine L. maculatu m.

3. Punctations of scutum lacking from the triangular projections, flat, radiating on

posterior half 1. caji nm nsi

.

Punctal ions distributed over entire surface of scutum A. americanum.

i i males.

1

.

Coxse 1 bicuspid. 2

Coxa' I armed with one very long spine I. maculatum.

2. Scutum triangular, posterior-lateral herders nearly straight 3

Scutum cord ii'orm. oval, or pentagonal, posterior-lateral borders convex.

.1. tuberculatum.

3. Eyes in iron i of anterior third of scutum 1. caji nru nse.

\'.\ es ai phi no of or behind anterior third of scutum 1. americanum.
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LONE STAB TICK,

(Amblyomma americanum Linnaeus.)

The lone star tick derives its name from the bright-silvery spot on

the scutum 6f t ho female. It is widely distributed, having been

reported from Labrador to Florida, and also from Guatemala and

Brazil. After Margaropus annulatus, il is the most important tick

in the United States. Though Pound more commonly on cattle we

have taken it from man. horse, mule, dog, goat, bog, deer, squirrel,

and wolf, and it appears to attack mammals generally. In portions

o\' Louisiana and Texas it becomes a pest of considerable importance

to moss gatherers and other persons who spend much time in the

forests. It has been repeatedly taken in Texas during the summer of

L906 on the clothes or attached to the body of agents of the Bureau.

Packard mentions a case in which one buried itself in the arm of a

young- girl, producing a raised tumor.

In May it was found on a herd of dairy cows near Dallas in large

numbers, though only an occasional specimen of Margaropus annu-

hit us was present. The proprietor of the dairy stated that they were

xvvx annoying through their attaching to milkers. Mr. J. D. Mitchell

has found it in the vicinity of Kerrville and Llano, Tex., to be the

most important species, being much more numerous than the fever

tick. In that region the cattle suffer greatly from it. Its abundance

seems to be due to the large numbers of sheep and goats kept in that

section. These serve as hosts, spreading it broadcast, at the same

time reducing the bunches of Margaropus annulatus seed ticks.

T a 1 1 1 . i : XV.

—

Oviposition of Amblyomma americanum.

Oviposition.
Period of

ovipo-
sition.

Dropping

of ovi-
position.

Number
of eggs
depos-
ited.

Collected
From To—

M;i r. 2fi Apr. 5

May 5

May 13

May 2.5

May 27

. .do..

.

Apr. 20

May 18

May 21

June 5

June 7

June 6

June 9

Juno 5

June 10

June i

Days.
16

14

9
12

12

11

14

10
,.->

12

Days.
26
22

20
22

20
19

22

18

23

20

Apr. 27 2,444
Ma\ 2 984
May 15

5 040Mav 19

Do ' 2,659
1 . 73 iDo do .

.

Do do . 950
Do do 1,510
Do do 1,306

Total 107
12.

5

'"'2L2'
19, 137

Average 2. 126

Our records regarding oviposition, as shown in the above table, are

from 10 engorged ticks. It will be seen that the maximum number
of eggs deposited by an individual was 5,040, deposition continuing

for 12 days; the minimum, 950, with a deposition period of 10 days;

an average of 2,126 eggs deposited in 12 days. Morgan records as

many as 6,519 eggs.
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Tabi i. XVI. Incubation and longevity of Ambiyomma americanum.

Com-
menced
to hatch.

Apr. 15 17 June 3
Apr. 25 , .June .".

Apr. 28 June 8

May28and29 July 1

May 30 and 31 July 1

Minimum
incul Its all

t ion
period.

Period of-

i iiih..-;ui /-\„: :

dead °VP°SX- Hate

to death.

tching
to death.

Days.
: pt. 13.

42

35 \
33 Nov. 22.

Days.
152

Days.
103

163
177

129+
145

a One or more alive.

From the above table it will be seen that the incubation period in

April and May is about 7 weeks. Eggs deposited in the latter part

of May hatched in 5 weeks.

Prof. H. A. Morgan has found some specimens to pass the first

molt on the host, drop-

ping in about 10 days fol-

lowing that molt, or just

previous to the second

molt. The greater num-
ber dropped in from 4 to 7

days. The molting of

the nymph was found to

last 6 weeks. Engorge-

ment of the adult in March
and April occupied from

7 to 11 day-.

The resistance of the fe-

male to water seems to be

similar to that of the fever

tick. Seven females were

submerged for 18 hours,

all becoming active fol-

lowing removal from the

water. The next day all

Only one, an unengorged

Fig. 9 Ambiyomma cajennense: Mouth parts of

Greatly enlarged (original).

Dale.

were again submerged for 45 hours

specimen, survived.

In the adult stage both sexes will reattach, as seems probable in the

larval and nymphal stages.

Mr. Mitchell has observed adults on grass in the act of copulation.

CAYENNE TICK.

i . Imblyomma cajt ////< ns( I
:

Synonyms: /. crenatum Say (Banks), .1. mivtum Koch (Banks), J.Jun;
i Dug&s

i. ilptns Berlese I Neum. .

This species was described from Cayenne in 17^4, no host being
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given. Tin' writers' opinion of the specific identity of specimens from

Venezuela, od cattle, with Texas specimens, on horse and peccary.is

confirmed by Mr. Banks. The species may be distinguished from

maculctium readily by the characters given in the table. (Sec also

figs. 9 and 10 and PL IV. figs. 3, L)

The species has been reported Prom, and seems to be generally dis-

tributed through Mexico and ('(Mitral America. It has been reported

from Colombia, Venezuela, Brazil, and Argentine Republic in South

America. Neumann also reports it from Cuba and Jamaica. In Texas

Mr. J. 1). Mitchell has taken it in Live Oak County from the peccary

and horse. Mr. Banks reports specimens Prom Louisiana, Missouri,

and Florida. In addition to the hosts mentioned it has been reported

from toad (Bufo agua)
}
capy-

bara (Hydrockxrus capybara),

an ant-eater, and man.

St oil. in the Biologia Cen-

tral! -Americana, states that

this species is the most com-

mon of all [xodidse. in Central

America, and gives some in-

formation concerning its hab-

its. He has never found the

male in a parasitic state, but

has found it free on grass and
hushes in Guatemala. The fe-

male, which he states abounds

in the woods and fields on

grass and hushes, is occasion-

ally brushed off b}r horses, cat- FlG
-
10

tie, or dogs,' and even man.
It adheres tenaciously to the skin, remaining when undisturbed for

several days until filled with blood. If forcibly removed, the beak

breaks off and remains in the wound, causing a disagreeable and
sometimes painful inflammation. The young, which are distinguished

by the inhabit ants of Guatemala by the name of "mostacilla," hang to

the grass in clusters of thousands, especially during the dry seasons.

By their creeping on the skin and frequent biting they form one of the

greatest plagues of travelers.

In a letter accompanying specimens of this species from Venezuela the

writers are informed that the ticks do great damage by producing fever

in cattle, which become weak and in many cases die. It hardly seems

possible that the malady can be Texas fever; nevertheless tins species

may possibly transmit some disease.

Amblyomma cajennense: Coxtc of male and
female. Greatly enlarged (origin,-! 1 1

.
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Tabli XVII. Record of deposition of an engorged tick, Aniblyomma cajennense, col-

lected on peccary Api il .">.

Numljer of eggs deposit

i

67

z

1

-

1

ri

>
a

a

278

CO

-.
-

ti

—

i

-

289

1 1

213 336

X
--

307 206 L19

71

>>
a

a

?!

>>

68

-

i

33

-
n

33

?i

-.
-

23

£ \\ f,

>. >. >.
- - -

a s
-

DC W
-. -.
- -

Total

212 ° 0(«) 2, 650

a Dead.

It will beseen thai oviposition continued for 20 days from May 9,

a total of 2,650 eggs being deposited. Eggs deposited May 14 com-
menced hatching June 21, an incubation period of 38 (Lays. Two

seed ticks from eggs de-

posited May 14-25 were

alive November 6, a pe-

riod of more than 5

months from deposition.

The fact that this pro-

longed survival included

summer months shows

remarkable vitality in the

seed ticks of this specie-.

Seed ticks of Margaropus

annulatus seldom survive

over 3 months in the

summer.

GULF ( OAST TICK.

i Amblyomma maculatum

Koch.

Synonyms: A. 1 ig r i n u m
Koch. A. tenellum Koch. A. ru-

bripes Koch. A. ovatum Koch,

A. triste Koch. A. complanatum Berlese (the preceding on the authority of Neumann),

Dermacentor occidentalis Marx of Niles Morgan).

This species was described by Koch in 1844 from "Carolina/' no

host being given. Prof. II. A. Morgan calls our attention to the fad

thai it was referred to as Dermacentor occidentalis Marx by Xiles. a

1 1 seems to be the common species along the Gulf coast of Louisiana

and Texas. (See figs. 11, 12, 13, and PI. Ill, fig. 6.) It was taken

by Mr. J. D. Mitchell of this Bureau from cattle, horses. An^>. and

man in Cameron Parish, La., and Calhoun, Jackson, and Victoria

counties. Tex. In the Marx collection there is a male specimen

Fig. 11. -Amblyomma maculatum: Mouth parts of female.

Greatly enlarged (original).

a Bul. Va. Agric. Exp. Sta., VII. No. 3, pp. 28, 29, PL IV.
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recorded as taken from cattle .-it Memphis, Term. It seems quite

probable that the animal from which the tick was collected had been

bred in t he ('oast sec-

tion. There are also

several specimens in

the Marx collection

taken in Texas. Neu-

niann reports it from

Paraguay, CJru gu ay,

Brazil. Mexico, and in

the United States from

California, Texas, and

Tennessee, the latter

based noon the tick

before mentioned as

collected at Memphis.

He mentions 2 males

and 1 female as being

takes on a coleopteron,

Cercus campestris, at

Buenos .Vires, Argen-

tina. Lahille reports

it fro in Argentine Re-

public, where the fa-

vorite host is the do<r.

lie mentions the fact

that it is usedby tin' Indians as a leech in certain cases of inflammation.

The male is especially large, much more so and more elongate than

either A. cajennense or A. ameri-

canum. Mr. Mitchell reports that

while he has observed the sexes in

close proximity on the animals he

has as yet to find them in coitu. He
has frequently noticed them to copu-

late after being removed from the

animal. However, in Argentina,

Lahille states that several males

are usually found attached in the

immediate vicinity of each female.

Mr. Mitchell states that on one oc-

casion he found 7 females clustered

Fig. n.—Ambiyomma macuidtum: Scutum of on a cow between the ear and the
renuUe

-
Greatly enlarged (origir horn wit h no male near. In another

case he found a cluster of 5 females on the neck of a dog with no male

in the immediate vicinity. He has also seen instances where as

FIG. 12, A mbtyomma maculatum: Coxae of male and Eemale.

Greatly enlarged (original).
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many as 5 males were located very close together without any
females, and other cases on various parts in which both sexes were

found together. This species is very firmly attached to the host.

While RMpicepTialus -p. can be removed easily A. maculatum can not

be removed without evident pain.

Attempt- were made to rear the species upon dogs. On October

1 1 seed ticks were placed upon two small dogs. Eight were found

attached on the 15th. For the first five or six day- after attach-

ment the seed ticks increase slowly in size, remaining of a light color;

then in a few hours they seem suddenly to engorge with blood.

The color of the body become- purplish and afterwards still darker.

On the fifth day from placing seed ticks on the dogs 8 were found

still light in color and 1 dark. On the sixth day 2 were taken that

had just detached themselves, leaving 2 dark and 4 light on the host.

On the seventh day 3 were found to have dropped during the night

;

2 dropped and the remaining 1 engorged during the day. On Octo-

ber 19 the eighth tick was found to have dropped during the night,

making a minimum period of 5 days and a maximum period of 8 days

for attachment of larval stage.

Several of the engorged larvae were kept on moist sand to molt,

but shriveled and died.

The incubation period for eggs deposited from the 1st to the 11th

of September varied from 26 to 31 days. Seed ticks from these eggs

were still alive on March 1, 1907.

LAND TURTLE TICK.

(Amblyomma tuberculatum Marx.)

This species was described by Marx in 1894 from specimens col-

lected by Hubbard at Crescent City, Fla.,from the Florida land tur-

tle, Goplierus (Xerobates) polyphemus. Neumann reports a male

specimen from Cuba.

We have received 3 specimens collected in February, 1907, by Dr.

A. W. Morrill in Florida on a land turtle (Goplierus sp.), presumably

the same as the host of the original specimens.

BIBLIOGRAPHY.

No attempt has been made to make this bibliography complete.

In Section A, relating to the cattle tick of North America and the

problems caused by it, the literature is scattered through many
experiment station bulletins, veterinary journals, bulletins of the

Department of Agriculture, and other publications. Only the more

important are included. In Section B, relating to foreign disease-
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transmitting ticks, the literature is found for the most pari in the

governmental publications of South Africa and Australia, although

recently important memoirs have been issued in Germany and France.

A- in the preceding section, we give only the more important publi-

cations that are now available. For a very complete bibliography

of this subject down to 1903, containing 221 titles, see A. Schmidt

below. In Section C, relating to ticks as transmitters of human
diseases, there 4 is at present but a scanty literature. It is practi-

cally all referred to by us. InSection D, relating more particularly

to the classification of ticks, practically all of the works dealing

with North American species are listed, together with the more impor-

tant foreign publications. For a more extended list, see Salmon and

Stiles, 1D01. below.

SECTION A.

Relating to the North American Fever-Tick Tuoblem.

Butler, T.yit.

1902. The breeds of beef cattle and beef production in North Carolina <N. C.

State Bd. Agr., bul. 23, no. 7.

Pages 48-51 deal with: "Cattle tick an obstacle to the development of the cattle

industry."

1003.— Report of State Veterinarian in Rept. Comm. Agr. N. C. for 1902, pp. 40-47.

Regarding the cattle quarantine, the extermination of the cattle tick, losses from

tick fever, and the tick an obstacle to the improvement of the quality of the cattle

of the State.

1903.—The cattle tick and its relation to the cattle industry of North Carolina

<N. C. State Bd. Agr., bul. 24, no. 5, pp. 28, figs. 2.

1903.—The cattle tick and the quarantine restrictions <N. C. State Bd. Agr.,

bul. 24, no. 10, pp. 30-37.

1906.—Progress made in exterminating the fever tick (Boophilns annulatus) in

North Carolina <N. C. Dept. of Agr. circular (unnumbered) issued

January 1, 1906, pp. 4. Reprinted in part in Farm and Ranch, vol. 25,

no. 15, p. 7, April 14.

This circular deals with the most successful work that has been done in the practical

eradication of the cattle tick.

< ON N A WAV. J. \Y.

1897.—Texas fever or acclimation fever <Mo. Agr. Exp. Sta., bul. 37, pp. 81-139,

figs. 11, April.

Conn a way. J. YV.. and M. Francis.

1899.—Texas fever <Mo. Agr. Exp. Sta., bul. 48, pp. 66, figs. 11.

Curtice, Cooper.

1891.—The biology of the cattle tick <Journ. ( !omp. Med. and Vet. Arch., vol. 12,

no. 7. pp. 313-319, July.

1892.—About cattle ticks Joitrn. Comp. Med. and Vet. Arch.., January.

This and the preceding pa per were issued together with independent continuous

pagination.

1892.—The cattle tick <Texas Agr. Exp. Sta.. bul. 24, pp. 237-252. 2 pis.,

December. Appendix on preventive measures by M. Francis. Ab-

stract, Insect Life, vol. 5, p. 294.

This bulletin gave the first details of the life history of the cattle tick, it was a

pioneer work the value of which has been appreciated by all subsequent workers.

5795—No. 72-07 5
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Curtice, Cooper—Continued.

1896.—On the extermination of the cattle tick and the disease spread by it

<Journ. Comp. Med. and Vet. Arch., vol. 17. pp. 049-655.

On page 655 Doctor Curtice gives the first reference we have found to the possibility

of totally exterminating the cattle tick from the United States. " I look most eagerly

for the cleansing of even a certain portion of the infected territory under the direct

intention of man, for it opens the way to pushing the ticks back to the Spanish isles

and Mexico, and liberating cattle from disease and pests and the farmer from untold

money losses. Let your war cry be: Death to the ticks!"

1897.—The cattle tick and what may be done to prevent it <The Southern

Planter, vol. 58, no. 1, pp. 24-27, January.
This paper contains the original suggestion of the pasture eradication and teed-

lot systems of tick eradication.

1897.—Texas fever <The Southern Planter, vol. 58. no. 3. pp. 116-117. March.

1899.—Cattle quarantine, ticks and distemper <N. C. State Bd. Agr., bill,

(unnumbered), July 1.

1899.—Cattle quarantine line <N. C. Agr. Exp. Sta., spec. bul. 52, pp. 1-28.

1905.—The cattle-tick plague <The Southern Planter, vol. 66, no. 5, pp. 376-378,

May.
A report of progress in extermination and a continuation of the two articles pub-

lished in the above Journal October, 1896, and January, 1897.

Dalrymple, W. H., H. A. Morgan, and W. R. Dodsox.

1898.—Cattle tick and Texas fever <La. Agr. Exp. Sta., bul. 51. pp. 230-282,

figs. 2, pis. i-vii.

Detailed account of many experiments relating to the life history of Margaropus

annulatus. Includes studies of the effects of water, heat, cold, and light on the eggs,

seed ticks, and adults, and much information on pasture eradication. The plat's

are excellent. This publication adds greatly to the data furnished by Doctor Curtice

in Texas Bulletin 24.

1899.—Immunization against Texas fever by blood inoculation <La. Agr. Exp.

Sta., bul. 57, ser. 2, pp. 146-185, pis. 2, chts. 3, figs. 3.

DlNWTDDIE, Pv. Pv.

1892.—Parasitism of domesticated animals <Ark. Agr. Exp. Sta., bul. 20, pp. 14-31.

Treats of mites, cattle ticks, etc.

1896.—Texas cattle fever in various localities <Ark. Agr. Exp. Sta., report. 1896,

pp. 36-10.

A reprint from bulletin 40 of the station.

1898.—Methods of combating communicable diseases of farm animals <Ark.

Agr. Exp. Sta., bul. 51. pp. 35-46. May.

Francis, M.

1889.—Report of the veterinarian, Tex. Agr. Exp. Sta.. second annual report,

1889, pp. 55-60.

A brief account of the southern cattle plague and its treatment, with notes on joint

experiments by the Texas and Missouri Stations.

1892.—The cattle tick, preventive measures for farm and rango use <Tex. Agr.

Exp. Sta.. bul. 24, pp. 253-256, fig. 1, December.

1894.—Veterinary Science <Tex. Agr. Exp. Sta.. bul. 30. pp. 436-458. March.

Treats of animal parasites, device for destroying tieks. and influence of ticks in the

dissemination of Texas cattle fever.

Francis, M.. and J. W. Connaway.
1899.—Texas fever <Tex. Agr. Exp. Sta.. bul. 53. pp. 53-10<;. figs. L3.

is, L. L.

1897.—Texas fever <Okla. Agr. Exp. Sta., bul. 27. pp. 8-15. lig. 1, June.
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I.i.wis, L. L.—Continued.

1899. Texas fever. A.naccoun< of experiments <(>kla. Agr. Exp. Sta., bul. 39,

pp. 28, figa 5, May.

L900.- Means of preventing Texas fever <Okla. Agr. Exp. Sta., report, L900,

pp. 26 28.

M LYBR, A 17GU8T.

L906.—The cattle tick in its relation to Bouthera agriculture <U. 8. Dept. Auric,

fanners' bul. No. 261, pp. 1-22.

An excellent essay on the broad aspects of t he i ick problem.

M u'o. X. S.

L897.—Texas fever <Kans. Agr. Exp. Sta., bul. 69, pp. li'i L34, June.

McCulloch, C.

1899.—The prevention of Texas cattle fever and the amended laws controlling

contagious and infectious diseases <Va. Agr. Exp. Sta., bul. 104,

pp. 167-180, September.

M i i \ i\. A. D.

1906.—How to get rid of cattle ticks <U. S. D. A., Bur. A. I., cir. 97. pp. 1-4,

lpl.

Deals with the hand-picking and greasing, the tie-rope or picketing, and the two-

field methods.

Miller, W. McC. N.

1895.—Texas cattle fever <Nev. Agr. Exp. Sta., bul. 31, pp. 11, December.

MOHLER, J. R.

1906.—Texas fever (otherwise known as tick fever, splenetic fever, or south-

ern cattle fever), with methods for its prevention <CCJ. S. D. A., Bur.

A. I., bul. 78, pp. 1-48, pis. 3, figs. 3.

A comprehensive treatment of the whole subject, including symptoms, pathology,

therapeutics, and methods of tick eradication.

1906.—Texas or tick fever and its prevention <U. S. T). A., farmers' bul. 258,

pp. 1-46, figs. 1-6.

This is a somewhat condensed re-edition of the preceding.

Morgan, H. A.

1899.—Ticks and Texas fever <La. Agr. Exp. Sta,, bul. 56, pp. 128-141, pis. 9,

September.
This is the only American work on the life history of species other than Margaropus

annulatus. It deals with A mblyomma americanum, Dermacentor variabilis (electus)
,

both of which were found to be nonpathogenic as far as splenetic fever is concerned,

and Ixodes ricinus. Many details of life history are given. The plates are most
valuable. Marx's paper on the classification of the Ixodidre is reprinted as a part of

this bulletin.

The starving-out method of eradication is again emphasized. (See Dalryniple,

Morgan, and Dodson, 1898.)

1903.—How can we exterminate the cattle tick? <Proc. La. State Agr. Soc. and

Stockbreeders' Assn., 1903, pp. 77-79.

Emphasizes the necessity for cooperation among the fanners.

1903.—The cattle-tick situation <Proc. Soc. Prom. Agr. Sci., 1903, pp. 72-74.

Notes arc given on the life history of (lie cat tic tick.

1905.—Texas fever cattle tick: pasture methods of eradication <£Bul. of Agr.

Exp. Sta. Univ. Tenn., vol. L8, no. I. pp. 1-10, ligs. 3.

Also published as bul. 82 (second series , La. Agr. Kxp. Sta.,pp.l-15.

This publication urges the feasibility of the practical application of a knowledge

of the life history of the cattle tick in feed-lot and pasture-eradici tion systems of

eradication and centered public attention. It gives full details as to procedure.

See also Dalrymple, Morgan, and Dodson.
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Newell, Wilmon, and I)<o gherty, M. S.

L906V The cattle tick. Studies of the egg and seed-tick stages. A simple

method of eradicating the tick <La. Crop Pest Gomm., cir. 10, pp. 1-32.

figs. 1-8.

Contains records of very careful work on the egg and seed-tick stages. The prac-

in-.il importance <>f the work is well demonstrated.

Nn i:s. E. P.

1897.—The cattle tick in Virginia <Ya. Agr. Exp. Sta., bul. 76, pp. 45-50,

May. Southern Planter, July, 1808, pp. 326-327.

1S9X.—A preliminary study of ticks <Va. Agr. Exp. Sta.. bill. 80. pp. 25-30.

-1 pis.. March.

Norgaard, Victor A.

1898.—Cattle dipping, experimental and practical U. S. D. A., yearbook, 1898,

pp. 453-172.

Experiments, principally with saturated solutions of sulphur in extra dynamo oil

Ransom, B. H.

1906.—Some unusual host relations of the Texas fever tick U. S. 1>. A..

Bur. A. I., cir. 98. pp. 1-8.

Details experiments in attempting to cause Margaropus annulatus to develop on

horses, mules, asses, rabbits, dogs, and cats. On the last a specimen developed to

the adult stage, but did not engorge. Shows that under certain conditions the cattle

tick can reattach after being artificially removed. Refers to recent European investi-

gations that show that Ixodes ricinus transmits European piroplasmosis of cattle,
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L901. Tin- cattle ticks I [xodoidea) of the United States U. S. D. A., Bur. LI.,

L7th a.m. report, L901, pp. 380 191, pie. 7 1 98, figs. 47 238.

This La a mosl valuable work, particularly ririi in bibliographlcaJ referencea and
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n. s., vol. 22, pp. 289-299 and 327-333.

Edington, A.
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Reprint: A.gr. Journal, Cape Good Bope, April.

1904. Report of the Government Entomologist for the Cape of Good Eope for

mo:;.

Includes "ticks and maligna id jaundice" and "ticks and heartwater," "ticks and
South African coast fever,'* pp. 11-45, pis. 7
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1904.—Rhodesian redwater, vel East African coast fever, vel tropical piroplas-
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Theii.eu. A.

1903 and 1904.—The Rhodesian tick fever <Transvaa] Agr. Journ., vol. 1
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1902.—Some Arachnida from New Mexico <Proc. Acad. Nat. Sci. Phila., 1901,
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1900.—Note on the chicken tick (Argas americanus) <U. S. D. A., Bur. A. I., 16th
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Proc. Ent. Soc. Wash., vol. 3, pp. 195-201: Rhynchoprium spinosum,
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M i rbay, Andrew.
1877.—Economic entomology, Aptera, pp. 180-204.

Deals with the I.xodidae.
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L896.— Revision de La Eamille des [xodides. I <Mem. Soc. Zool. France, IX,
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1.N99. [{('-vision «lf la Eamille des [xodides, III Mem. Soc. Zool. Franco, vol.
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1901.—Revision de la Eamille des Ixodides. IV Mem. Soc. Zool. France, vol.

11. pp. 249-372, 18 figs, in text.
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1902- Notes sur les Ixodides, I <Arch. Parasit.. vol. G, pp. 109-128, figs. 6.

1904.—Notes sur les Ixodides, II <Arch. Parasit.. vol. 8 (1904). no. 3. pp. 444-

464, figs. 2.

1905.—Notes sur les Ixodides, III <Arch. Parasit.. vol. 9 (1904), no. 2, pp.
225-241.

NUTTALL, G. H. F.

1899.—The role of insects, arachnids, and myriapods as carriers of human and
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Hyg. Rundschau, vol. 9, no. 5, pp. 209-220; no. 6, pp. 275-289: no. 8,
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OsBORX, II.

1896.—Insects affecting domestic animals <U. S. D. A.. Div. Ent.. bul. 5. n. s.

Packard, A. S., Jr.

1869.—List of hymenopterous and lepidopterous insects collected by the Smith-
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dix to report on Articulates, Ann. Kept. PeabodyAcademy of Science,

pp. 1-14.

Contains descriptions of following new species of American forms: Ixodes perpanc-
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Riley, C. V.
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Expedition <TJ. S. D. A., Biol. Surv.. N. A. Fauna, no. 7. Part II.

p. 252.

Lists seven species of Ixodidse—determined by Doctor Marx.

Salmon, D. E., and Ch. W. Stiles.

1901.—See above.

S \y. Thomas.
1821.—An account of the aiachnides of the United Slates Journ. Acad. Nat.

Sci., vol. 2. pp. 59 v.: Leconte edition, vol. 2. pp. 9-21.

Descriptions of the following species of Ixodes: annulatus (Margaropus), errati-

cus, scapularis. orbiculatus ( =Amb:yomma americanum T), variabilis {Dermacentor),

fuscous (fustus . crenatum (=Amblyomma cajennense), punctulatus (= Dcrmac(ntor

variabilis t).
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Packard (Am. Nat., and Guide), D. retieulatus Salmon

and Si lies (in part) a synonym 50

bifurcatus, on wild-cat 50

electus— 1 >
.

i ariabilis 49, 50

nigrolincatus, in United States 50
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Dermacentor nit, rw, distribution and hosts 52

occirfi ntalis. distributipn, hosts, synonyms .

r
>l

Neumann, D. reticulatus Salmon and Stiles (in parti a

synonym 49 60

Xilos- Amblyomma maeulatum *'>2

transmit tor of Rocky Mountain spotted fever 72

parumapertus, in a chicken house and on man 50

reticulatus Fabricius, not yet found in United States 50 •">!

Salmon and Sides
I
in pari

I
D. nlhi pirtus 50

Salmon and Stiles (in part)=/>. occiilen talis 49-50, 51

species in United States, structure 49-50

variabilis, habits and life history 50

in Florida 73

synonyms 50

rarieyulus, listed from United States by Salmon and Stiles 1!)

1ticranocerus fureal us, host of Amblyomma multipunctum 58

Dipteron, probable parasite of cattle tick 37

Dipterous larvae, enemies of cattle tick 36

Disease, human, transmission by ticks, bibliography 72

possible transmission by Amblyomma cajennense 6]

Dermacentor albipictus 52

transmission by foreign ticks, bibliography 69-72

ticks 40

Dog, host of Amblyomma americanum 59

cajennense 61

maeulatum 50, 62

Dermacentor variabilis 50

Ixodes ricinus 56

scapulaiis 50, 57, 58

Margaropus annulatus 34-35

Omithodoros megnini 45

Rhipicephalus sp : 47-48, 50

Dove. (See Zenaidura macroura.)

w ild turtle, host of Argas sanchezi 42

"Elk." (See Cariacus canadensis.)

Feed-lot system for eradicating cattle tick 37-38, 67

Felis pardalis, host of Ixodes ricinus 56

Ferret, host of Ixodes ricinus 56

Fever, African coast, of cattle, transmission by five species of Rhipicephalus.

.

48, 70

human, transmission by ticks 72

in cattle, said to be produced by Amblyomma cajennense 61

Rocky Mountain spotted, transmission by Dermacentor occidentalis 72

splenetic. (See Fever, Texas.)

Texas, losses 11-12

may it be transmitted by Ixodes ricinus? 57

1 1 ansmission by cattle tick ( Margaropus annulatus) 10, 11-12, 40, 69

" Fire-ant." (See Solenopsis geminata.)

Fha. jigger. (See Sarcopsylla penetrans.)

Flooding. (See also Submergence. ,

effect on seed ticks of cattle tick 24-25

Fowls, enemies of cattle tick 37, 39

Fox, host of Ixodes cookei and /. ricinus 56

Freezing. (See Temperature.)
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Goat, hoel of Amblyomma americanum 59

Ixodes cooh i ami /. ricinus 56

odt 8 ro8trali8=Ha maphyaolia It poris-palnstris 53

Gopherus polyphemus, hoel of Amblyomma tuberculatum 64

Ornithodoros turicata 46

sp., host of Amblyomma tuberculatum 64

< rreasing, method of eradicating cattle ticks 67

< ruinea pi'_r . nol a host of Margaropus annulatus 34

If. i mapkysalis chordt His, in United States 53

concinna, in United States 53

A achi, transmitter of malignant jaundice of dogs 53

h pori8-palu8tri8, habits, synonym 53-54

structure and United States species 52-53

Band-picking, method of eradicating cattle ticks 67

Hares, hosts of Ha maphysdlis hporis-palustris 54

Ixodi 8 rutin us 56

Heartwater, in cattle, sheep, and goats, transmission by Amblyomma hebraeum. 58

Hedgeh- ig, h< >s1 « >f Ixodi s riciri us 56

Hog. hosl of Amblyomma americanum 59

Ornithodoros turicata 46

Horse., hi et < >f Amblyomma american am 59

caje nnense 61

macula/ a in 62

Dermacentor nitens 52

occidentalis 51

Hsemaphysalis leporis-])alustris 53

Ixodes ricinus 56

Margaropus annulatus 35. 39

Ornithodoros megnini 45

Host relations of ticks 12

Houses, occurrence of Argas sanchezi 42

Hydrochxrus capybara, host of Amblyomma cajennensc 61

Insecticides, resistance of Argas miniatus 45

Ixodes albipictus Packard (Am. Xat. & Guide)=Dermacentor albipictus.

Packard (1st Peabody Acad. Rept. )=Dermacentor variabilis. .

.

50

reference to original description 74

americanus, reference to original description 73

angustus. in United States 55

annulatus=Margaropus annulatus 74

reference to original description 74

arcticus, in United States 55

Mbronii, reference to original description 74

hifa real us= Dermacentor bifurcatus 50

borealis, bibliographic reference 73

bows, bibliographic references 74

= Margaropus annulatus 74

brunneus, in United States 55

cal in United State- 55

chordt His, reference to original description 74

ists, synonyms 55-56

reference t" original description 74

%atum=Amblyomma caj< nrienst 60, 74

reference to original description 74
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Ixodes crucian us — I. eoohei 55

reference to original descripl i<>n 73

dcnlatus, in United States 55

dinrsifossus. in New Mexico 7.*}

i milieus, reference to original description 74

Jimhrititus= Ixodes borealis, male 78

frontalis, in United States 55

fuscous yfuscus), reference to original description 7 1

fiiscus, in United States 55

habits 55

herrer9e=Amblyomma arriericanvm 60

hexcujon us S. & S. = /. cookei 55

var. longispinosa J. cookei 55

inchoatU8, in United States 55

leporis-j)alustris= Ikvniaphysalis leporis-palustris 74

reference to original description .74

naponemis. reference to original description 74

mgrolineatus= Dermacentor nigrolineatus 50, 55

reference to original description 71

(?) odontalgias, reference to original description 73

orbiculatus= A))ibli/omma americanum (?) 74

reference to original description .. 74

perpunctatus, reference to original description 74

pilosus, bibliographic reference 71

drying up of engorged females in captivity before ovipositing. .

.

55

plumbeus (?), longevity of larvae 55

punctulatus= Dermacentor variabilis (?) 50, 74

reference to original description 74

quinquestriatus=Dermacentor variabilis 50

reference to original description 73

reduviu8=I. ricinus 70

ricinus, bibliographic references 67, 70, 72

connection with "louping ill" of sheep only accidental 56

habits and life history 56-57

in Santa Cruz Mountains, California 58

may it transmit Texas fever in United States ? 57

oviposition process 16

transmitter of European piroplasmosis of cattle 57, 68

type of genus 54

robertsoni= Dermacentor variabilis 50

reference to original description 73

scapularis, drying up of engorged females in captivity before ovipositing. 55

habits 57-58

in Florida 73

on dog 50, 57, 58

reference to original description 74

8culptus, distribution and host 58

species in United States 55

sp., from Arizona 73

structure in genus 54

u nipunetata= Amblyomin(i americanum 74

reference to original description 74
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Ixodes uria . in United States 55

variabilis=Dermac* ntor variabilis 74

reference to original description 7-1

Ixodidae, subfamilies and genera 46

table of subfamili< a and genera 40

[xodinas, structural character and gi aera 46

structure of genera 54

tal»l<' of genera 41

I sodoidea. (See Ticks.)

"Jackdaw." (See Quiscalus major macrourus.

Jaundice, malignant, of dogs, transmission by Haihiaphysalis leacM 53

jigger flea. (See Sarcopsylla penetrans.)

Kingbird. 'Sec Tyrannus tyrannus.)

I ieech, use of Amblyomma macutatum by South American Indians 63

Lizards, hosts of Ixodes ricinus 56

Llama, host of Omithodoros turicata 46

L> pus callotis, host of Dermacentor variabilis 50

palustris, host of Hasmaphysalis leporis-paVustris 53

sylvaticus, host of Ixodes ricinus 56

Longevity of Argas miniatus 44-45

Ixodes 55

Omithodoros megnini 46

"Louping ill," of sheep, connection of Ixodes ricinus only accidental 59

Mammals, hosts of Amblyomma americanum 59

Argas 42

Argasidae 41

Man, host of Amblyomma americanum 59

cajennense 61

maculatum 62

Argas 42

Dermacentor occidentalis 51

parumapertus 50

Ixodes ricinus 56

Margaropus annulatus 35

Omithodoros megnini 45

turicata 46

Margaropus annulatus. (See also Tick, cattle.)

habitat 49

host relations 34-35, 39

in Florida 73

New Mexico 73

Ixodes bovis a synonym 74

outranked as a pest, locally, by Amblyomma ameri-

canum 59

placed in genus Rhipicephalus by Neumann and Ful-

ler 47

transmitter of splenetic or Texas fever 40, 69

var. arg< ntina, habitat 49

auslralis, habitat 49

M. microplus probably a synonym 49

calcarata, habitat 49

caudata, habitat -49
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Margaropus annulatus, var. decoloratus, etc., studies by Lounsbury l<>

habitat 19

viability in <
,i-:u

rs I

•"> L6

correct generic name for ca1 tie i ick l Boophilus annulatus < 9

habits and structure distinguishing il from Rhipicephalus VI, 19

microplus, ant iheliot ropism 34

bibliographic reference 70

genital apparat us I !

locomotion ' :'.
I

probably= M. annulatus \ ar. australis 19

reattachment to host 29

Marmot. (See also Arctomys monax.)

host ot Ixodes cooh i 56

Mice, hosts of Ixodes ricinus 56

probable enemies of cattle tick 37

Mink. (See also Putorius vison.)

host of Ixodes ricinus 56

"Most aril hi." ( ruatemalan name for young of Amblyomma caj( n/ru ns< 6]

Mule, hosl of Amblyomma americanum 59

Ixodes ricinus 56

Margaropus annulatus 35, 39

Opossum, host of Ixodes ricinus 56

Ornithodoros americanus=0. megnini, adult 73

habits 45

megnini, habits 45 46

Ornithodoros americanus and Rhynchoprium spinosum

synonyms 7$

moubata, bibliographic reference .- 72

enemies 37

transmitter of human tick-fever 45

savignyi, habits 45

is it identical with 0. turicata? 46

spp.. effects of bites 70

.-]>.. suspected transmitter of cattle disease 45

turicata, habits 46

is it identical with 0. savignyi? 46

Otter, host of Ixodes rook, i 56

Oviposition process in ticks L6 17

Panther, host of Ixodes ricinus "><i

Paradoxurus. host of ll;\ maphysalis leporis-palustris 54

Pasl ure-rota1 ion system, for eradicat Lng cattle tick 38, 67

Peccary, host of Amblyomma cajennense 61

Phoridse, a species bred from cattle tick 36

Picketing, method of eradicat Lng cattle ticks. (See Tie-rope.

Pigeons, hosts of Argas 12

Piroplasma bigeminum, found in both Europe and A.merica 57

Piroplasmosis, European, i E cattle, transmission by Ixodes ricinus 57, 68

P lecats, hosts of I "><!<* ricinus 56

Porcupine, hosts of Ixodes cooh i 56

n -curd as host of cattle tick probably erroneous 35

Practical applicat ion of information 37 39

Prairie dogs, hosts of Ixodes scapularis 58



84 INDEX.

Page.

"Prootoquie," term used by Lahillefor period, in tick, previous t<> oviposit inn.

.

14

p nit, ri us 1 Ism,, hosl of Ixoda cooh.

i

56

Quail, hosl of .1 gas sancfu ri 42

Quiscalu8 major macrourus, enemy of cattle tick 37

Rabbit. See also Lepus callotis, L. pahistris, and /.. sylvaticus.

bosl of //' maphysalis leporis-palustris 53-54

/ - nil, 8 r'irin US 56

Margaropus annulatus 34

record as host of cattle tick probably erroneous 39

Raccoon, bosl of Ixodes cooh i 56

Rats, enemies i >f Ornithodoros moubata 37

Rhipicephalinae, structural character and genera 46

table of genera 40-41

Rhipicephalus appendiculatus, bibliographic reference 71

bursa americanus, reported from Jamaica 47

capensis, bibliographic reference 71

decoloratus, transmitter of spirillosis in caul

t r< its',, bibliographic reference 71

habits and structure distinguishing it from Margaropus 47. 49

sanguineus (Ann. Rpt. Bur. Animal Industry i. L905, p. 35)=
Rhipicephalus sp. of present bulletin 48

in Panama 47

simus, bibliographic reference 71

sp., habits and life history 47—49

in Colorado 73

on dog 50

same as R. sanguineus in Ann. Rpt. Bur. Animal Industry f.

1905, p. 35 48

undetermined species from Colorado and Porto Rico 47

Rhynchoprium spinosum— Ornithodoros megnini. nymph 46, 73

Roebuck, host of Ixodes ricinus 56

Sarcopsylla penetrans, introduction into South Africa 46

Screw-worm fly. (See Chrysomyia macellaria.)

Sheep, host of Dermacentor occidentalis 51

Ixodes cookei and I. ricinus 56

Margaropus annulatus 35, 59

Ornithodoros megnini 45

Skunk, host of Ixodes cookei 56

Snake, Ornithodoros turicata in burrow 46

Soiling system, for eradicating cattle tick. (See Feed-lot system.

Solenopsis geminata, enemy of cattle tick 36

Spermophile, host of Ixodes cookei 56

Spirillosis of fowls, transmission by Argas miniatus 42

Spirillum (Spirochete) obermeieri, probable cause of human tick fever 45

Splenetic fever. (See Fever, Texas.)

Squirrel, host of Amblyomma amenxanurm. ' 59

Ixoil, s i icin "s 56

bosl • i / od( s u inus 56

Steer, used in experiments od cattle tick -'7

Submergence, in water, effeel "it engorged adult cattle ticks 32-33.39

incubation of cattle tick 22.3!)

Sunlight, direct, effeel on adull cattle ticks 32

Tapir, hosl of Amblyomma multipunctum 58
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Temperature, effect on engorged females of cattle tick 31 32

Beed licks of cattle tick 24 25

in relation to incubation of cattle tick I!) L'l

Texas fever. Set Fever, Texas.)

Tick, adobe. (See Argassanchi

Australian. (See Boophilu8 <ntstralis.)

black-legged. (See Ixodes scapularis.)

blue, common, bibliographic reference 69

bont. (See Amblyomma hebrseum.)

castor bean, American. (See Ixodes cookei.)

European. I

See /units ricinus.

cattle. See also Margaropus annulatus.)

adult female, description 3

1

male, descript ion 30

stage 30-34

adults as affected by direct sunlight 32

submergence in water 32-33, 39

attachments of specimens to each other 35

bibliography 65 69

control. {See eradication methods.)

descript ions of adults 30-31

development as affected by ration of host 35-36

on host 28-30

dropping from host 33

egg stage 15-23

eggs as affected by heat and cold 21-22

submergence in water 22, 39

indication of viability 15-16

number deposited 17

percentage hatching 23

engorged adults as affected by submergence in water 32-33, 39

continuous cold and heat 31-32

enemies 36-37, 39

eradication, from United States possible 9

methods 37-39

most important factor 13

host relations 34-35, 39

importance of knowledge of life history 9-10

incubation 17-23

period 17 _'
I

infestation affected by ration of host 35-36

knowledge of varial ions of periods in life history essential 13

lack in knowledge of local climatic variations and dissemination. 10

larval stage 23-30

nonparasitic period 23 26

parasitic period 27-30

life history 13-33

locomot ion 33-34, 39

longevity of ^>'<'(\ ticks 25-26

losses • ' 11-12

nude, position '»n host with relation to female 30

molts of larval stages 28-29

iii' •

—

t Important factor from standpoint of control 13



86 INDEX.

Page.

Tick, cattle, nymphal Btage 28-29

oviposition period 14-15

process ] 0-17

periods in life history upon which means of control are based... 38

pract ical application of data 37-39

preoviposition period 14

1
>i ' \ ioue work on life history 10

reattachmenl to host 29-30

seed ticks as affected by submergence in water 24-25, 39

longevity 25-26

i ick stage 23-30

nonparasitic period 23-26

parasitic period 27-30

submergence as affecting eggs 22, 39

engorged adults 32-33,39

sunlight as affecting adults 32

temperature as affecting engorged females 31-32

incubation 19-21

seed ticks 24-25

i ransmitter of Texas fever 10. 11-12

Cayenne. (See Amblyomma cajennense.)

dog, American. (See Dermacentor variabilis.)

brown. (See Rhipicephalus sp.)

elk. (See Dermacentor albipictns.)

fever, human, bibliographic reference 72

transmission by Ornithodoros moubata 45

North American. (See Margaropus annulatus and Tick, cattle.
I

fowl. (See also Argas miniatus.)

bibliographic reference 70

Gulf coast. (See Amblyomma maculatum.)

horse, tropical. (See Dermacentor nitens.)

land turtle. (See Amblyomma tuberculatum.)

lone star. (See Amblyomma americanum.)

net. (See Dermacentor occidentalis.)

paralysis. (See Ixodes pilosus.)

rabbit. (See Hsemaphysalis leporis-palustiis.)

sculptured. (See Ixodes sculptus.)

spinose ear. (See Ornithodoros megnini.)

turicata. (See Ornithodoros turicata. I

wood. (See Dermacentor variabilis.)

Ticks, bibliography 65-75

castor bean. I See Ixodes.)

classification and distribution, bibliography 73 75

habits 40-64

foreign, that transmil disease, bibliography 69-72

graphic table for separat ion of families and genera, from Lahille 1

1

habits 40 64

host relations 12

key to families, subfamilies, and North American genera 40-4

1

life history, general statement 12-13

transmitters of disease 40, 65-72

work by Lahille 10

"yearling," name given to ticks in nymphal stage 13
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Tie-rope, met hod of eradicating cattle ticks 67

Toad. See Bufo agua.)

Turtle, land. (See Gopherua polypliemus.)

Two-field method of eradicating cattle ticks 67

Wapil i. (See ( 'cuiocus canodt nsis. >

Weasel, host of Ixodes cooh i 56

Wolf, hosl of Amblyomma arm ricanum •"><)

Woodchuck. (See Marmot and Arciorays monax.)

Xerobates polyphemus. (See Gopher is polypfu mus. I

"Yearling ticks," name given to ticks in aympnal Btage L3

Z( naidura macroura, host of Arc < sanchezi 42
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