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SUMMARY 
The American dog tick (flm'm(l(,(,lltol' 11ariabili8 (Say)) is an im

pOl-tant pest of dogs and a dangerowl carrier of disease. It is widely 
distributed east Qf the I~ockyMol1lltains and also occurs in California, 

The biolotrica1 st:lldie.c:; here reported were based on field observa
tions and laboratory rearing:s at JfaJ'tha's Vineyard, Mass. In the 
Inbomtol'Y rearings It variety of ('aged mammals were used as experi
mental hosts, and the. nonparasitic stages were maintained under 
conditions simulating: thm:;e in llature. 

I SubDi.lttcdfor publica tlQn April 11. 1945. 
"Grateful acknowledgcmcnt IR mad" of thc helpful ~u/:ge8t1onR and criticisms of F. C. 

Bishopp. Assistant Chief of thc nllr~ntJ of Entomolo/:y and rlant Quarantine. under wholle 
direction, at the time when he wn~ in chnrgc of the Dlylsion ot InSQcts Affecting Man 
and ,\nimals, this ~tudy was CQndu~.~ed. 
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lTnder experimental conditions the adult ticks nuty live for mote 
than 2 years without fpeding. The maximum observed longevity was 
,.bout 1,032 dttys. They feed only on the blood of nuullmals, and 
ma~e w~il~ on t~le host. The males feed and mate in.terr!)jttently for 
Ullllldeinute perIOd, but the females become engorged III about 10 days, 
(Irop from the host, and seek !1 satisfactory hiding place, frequently 
in clumps of grass. Fnder normal conditions they begin to lay eggs 
in 6 to 58 days, depending upon the temperature. 

The eggs are laid in masse~ of 4,000 to (5,500 over a period of 14 
to 32 da.ys, after which the female dies. The incubation period varies 
with the temperature, normal periods ranging from 36 to 57 days . 
.An unusually extended incubation period o-f 303 days produced ab
1l0rnutlly short-lived larvae. . 

Under experimental conditions larval ticks may live for more than 
a yea,r without food. The maximum observed longevity was about 
540 days. The larvae also feed on the blood of mammals, remaining 
uttache.~l to the host for about 4: days. "Then fully engorged they 
drop 'from the host and se.~h;a protected place in which to undergo 
their transformation to nylilphs. Observed pel'iods -from dropping 
to molting ranged from 10 to ~±7 days, aecording to the season. 

Nymphs were observed to liw for about 584 days without feeding. 
The observed encro!,o'in cT I)eriod 1'01' IP!mI)hs l'lllwed from 3 to 11 clIP'S• b t"l t':I. . .1. ~ I J ,

and the penod from dl'oppmg to 1ll01tmg ranged from 24 to 2!H clttys. 
Larval activity in the Held began in 1\Iarch 01' April, reached tt 

peak in March, April, or j\[ay, declined ns the season progressed. but 
sometimes rose again to It peak in .August or September, and ceased 
in September 01' October. Hearing records indicated that the indi
viduals active before .Tuly had all hal·C'hed the previous year, whereas 
those causing the late peaks had hatched the same season. 

Nymphal activity began in nIal'ch Ot' April and int'l'ensed more or 
less steadily until .Tuly or August, thell deelincd lIntilit ceased in 
September 01' Octoher. Rearing records indieatNl that activity before 
.Tune WllS hy nymphs emerging hom hibernation, whereas lIlany of 
the nymphs active after .Tune had issued frol1l larvae that mo1te(l 
the Sllme season. 

Adult activity began in April. increasednntil .Tune 01' .Tuly, and 
then decl'eased nntil it eeased in AlIgmit 01.' September. Rearing rec
ords indieated that most of the lI('ti\'il',)' was hy adults that had 
hibernated. 

A complete generation from a single infestntion was traced through 
i.ts development ill a fiimlllaLed meado\\' on a greenhollse-type table. 
Females that became engorged neal' the beginlling a.:nd dose of the 
season of lOaD prodllced 1m infestation of aelivc hu'vne from August 
3, lOan, to .Tuly 28, 1V40, an infestation oi~ active l1ymphs from 
August 25, 1039, to .Apl'il 21, 1 D'1-1 , and an infestation of active 
adults from nlay 1, 1940, to September 1941. 

:Mttrked ticks persisted in an ;'l'ea throughout the greater part of 
one senson, hilt only 0,24 to O.i)( percent of those marked one year 
reappeured tile next. 

Observations· on the mi.aration of m:trked ticks indicated that 
there WIlS some movement iil all directions, with (L In·ono1.wced tend

'. 
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ency to remain at the sides of roads or paths when reached, although 
roads were not a barrier to movement. Experiments with scented 
objects indicated that the attractiveness of roadsides was due to 

'. animal odors. 
In the region of Martha's Vineyard meadow mice were the most 

imporbmt hosts of the larvae and nymphs. vYhite-footed mice and 
cottontail rabbits were of secondal'y hnpol'tnnce, and other small 
mammals were of minor importance. Dogs were the most important 
host of adults. 

The time required for molting by larvae and nymphs, the preovi
position period, and the incubation period were closely correlated 
with the temperature, and mrfavorable temperatures during these 
periods reduced the longevity of the ticks in the following stages. 
Unfed larvae and nymphs frequently survived temperature of _4° 
F., and adults frequently survived 0°. The activity of all stages 
ceased at a time of yeur when the temperature was still favOl:able 
for activity, but would lmve become unfavorable during the en
gorged condition. 

1\[oistul'e.is essential to the survival of all stages. Excessive rain
fall is~ not detl'imenbLl, as aU stages can survive submm'gence for 
1 (b.y and some for [) or 6 dn,ys. Neither l'e1ative humidity nor preci
pitation shows any correlation with activity or length of develop
mental periods. 

'.rhe photoperiod has been shown to affect the activity of the imma
ture sta.ges, long and increasing photoperiods beh1g more favorable 
than short and decreasing ones. 

A dip containing 1 ounce of neutral soap and 2 ounces of derris 
powder (4 percent rotenone) to 1 gn,lIon of water ",vas adopted as the 
standttrd treatment for the control of ticks on dogs. It was necessary 
to dip dogs every 3 01' 4 days in order to mainb.in adequate control. 
1V1len used on tL large scale, the material cost about [) cents per treat
ment. In laboratory tests certain wetting agents appeared snperior to 
soap, but in practical application soap was us effective as the others. 
Dips containing sulfur-cube, pyrethrum, arsenic, and creosote were 
less satisfactory than the sb:mdttrd. 

The tendency of the adult ticks to concentrate on roadsides makl::s 
it possible to kill many of the ticks in an !ll'etL by spraying a relatively 
small portion of it. .A. spray containing 0.5 percent of DDT, 2.5 per
cent of soluble pine oil, and 07 percent of water was most promising, 
but other materials were effective. 

The systematic tr:eatment of all dogs hl an area resulted in a sub
stantialreductiol1 of the numbers of ticks in the area, but required 3 
years to reach its maximum effectiveness. 

The control of meadow mice by poisoning reduced the abundance of 
ticks in the treated area. The reduction was apparent the year after 
treatment, but was not complete, the degree of tick control varying 
with the degree of mouse control. 

The burning over of a portion of an area was followed by a reduc
tion of the number of ticks in the burned portion. 

Irnorliphagus ternan'lt8 How., an indigenous tick para.site, does not 
appreciably reduce the numbers. of this tick, and attempts to establish 
IL colony of H1.tnte1'ellu8 hooken How. from Texas were unsuccessful. 

i.' 
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INTRODUCTION 
The America,ll dog tick (Dermaoentor 1)aJ'iabilis (Say)) has at

tracted the attention' of ent01l1010~'ists,pttl'llsitologists, and patholo
gists tor mllll,r years, owing to Its impOl'tallce as It l)est of mn,ll 
and domestic animals. .A number of workers have contl'ibui:ecl 
obsel'yations on its hosts, its distribution, its lite- history, and its 
relation to diseases. Since the chscovel'Y in 1931 ot its role as 
a vectOJ: ot Rocky Mountain spotted tever, it has {'omm!Lllclecl increas
ing attention. Because of the need of intensive field observations to 
determine accurately the seasonal cycles, persistence of infestations, 
rehl~ive importance ot. hosts, and other phases of its hiology before 
possIble methods for ItS control could be formulated, studies were 
eonductecL from l!)aS through May 15, 1944, at Vineyard Haven, 
Muss., on the island of l\fartha's Vineyard. This bulletin gives a 
resume of the results of these studies. 

ECONOMIC IMPORTANCE 
The American clog tick. often caJled the dog tick, the wood lick, 01' 
the Eastern Hocky .Mountain spotted 1'ever tick, has long been of 
importance as It pest of dogs and, to :t lesser extent, of other domestic ; 
I1nim:Lls. In areas where the ticks are numerous dogs that ILre allowed 
to run at. large sometimes pick up hundreds in lL single day. Such 
severe infestations cause loss of condition and bad disposition in the 
animals, and impose on the owners the unpleasant burden of disin
festing them. Horses and cattle sllffer some annoyance from the pests . 

.As early as l!Hl :Maver (10)3 reported the experimental transmis
sion of Rocky )Iountain spotted fe,'er by this tick, but as t:llC disease '. 
was thonght.llOt to occnr within the Known range of Del'lIlarentO}'1Ht)'i- " i 

abilis this tick 'was not regarded ail It vector of importance. After the 
discovery of the disense in the Enst in 1931 by Humreich, Dyer, and 
Badger (is), the tick appeared at once as an important vector of 
disease. The number of reported cases attributable to this species 
now averages about. 140 each year, with a mortality 01' about' 25 pel'
cent, and the fear cf the disease extends its economic elfeet 'far beyond 
the losses caused by its actual incidence. 

The tick has also been shown to be an occasional vector of tularemia, 
and Parker et al (I J) have summarized the relat.ionsUp of this species 
to disease t.ransmission. 

DISTRIBUTION 
In the FnitNl States the American dog tiel\: is widely distrihuted 

east of the !locky Mounbtins and ill parts or CILlifornia, and it :Llso 
occurs in Mexico and Canada. The distribution in the United States. 
hused on the records of the B1lI'ean of ]~ntomology and Plant Quar
antine, is shown in figure 1. The records 1'rom Oregon were made It 

number of years ngo, at which time Hooke~', Bishopp, and 'Wood (7) 
reported the species to be common in that region. Cooley (3) reports 
I'hat recent collections in southwestel'11 Oregon failed to reveal the 
l)J'esence of the tick, :indicating a possible reduction in its range. The 
specier-; is 1l10flt ahundant along the east coast fI'0111 :Massachusetts to 
Florida and in parts of Texas, Iowa, 'Wisconsin, Itnd 1\[imlCsota. ;. 
- "ii~b~l'~ In pl\l'entllP~~1; l'(lf('1' tu I.ltCI'IlI1Il·l~ Cltell, pp. 7;1·7·1. 
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i. 
FIGURE l.-Distrihution of Derlll{lcellfor I·nri(lbili.~ in the United states. Large 

dots indicate lC)caiities where collectiolll'; were malle by the Bureau of 
Entom\llo/,'y anll Plaut Quarantine; sllIalL dots indicnte the probable range. 

In New England the distdbution is quite closely restricted to the 
coast line, ticks being literally unheard of only a few miles inland. 

e, The entire coast of Massachusetts south of Scituate is infested, the 
greatest density occurring on Cape Cod, :Martha's Vineyard, Kan
tucket, ancI the Elizabeth Islands. In Hhode Island ticks are very 
rare on the eastern shore of Narragansett Day but they are abundant 
on the western shore. They occur 011 the mainland shore of Bloek 
Island Sound, hut not on the mainland shore of I.ong Island Sound, 
although Long Island is infested. 

A small area. of infestntion occurs around Lake "'innipesaukee,
N. H., with indications that in cerbtin localities it has persisted there 
for at least several decades. In other localities the infestation is ap
parently re('ent, and mtty have been ctwsecl by the transportation of 
infested dogs by ·vacationists. . 

Even in the most heavily infested r{)gions abnndance is localized 
and sporaclic,the in{estations being uswdly associated with an ahUl1
dance of grassy cover in which meadow mire cnn thrive. Beach grass 
and abandoned fields suppl'lrt large mouse populations, and if dogs arc 
kept in such neighborhood!: ticks are likely to be abundant. The in
crease u;nd appal:ent spread of the species in the New ]~ngland resod. 
area may well be due to the decline of agriculture which accompanied 
the area's increased appeal to vacationists, with the consequent aban
donment of numerous fields and pastures. 

METHODS OF STUDY 
The biologica:l studies here reported were based on data of two 

general types, (1) obset'vations on seasonal abundance and activity 
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madE> in the course of collections in IHtture, and (2) data beating 011 

the developmental potenthlities determined by laboratory ren,l'illgs. 
Small host animnJs were infested with ticks while confined in ,,-ire 

cylinders of the appropt'iate size, II modifictltioll of the method dl:\s- • 
cribed by Hooker, Bishopp, and ",Yood (7) being used. Figure 2 illus-

FIGunr, :!.-Pt·epaeillg- a mea!lnw lIlouse COL' infe:-;lntioll with tir'ks. 

trrrt£>s 11 step in pJ'eptll'ing n lllra(io,," 1lI0llHP for i nf£>stn f i011 hy this 
method. Th('. mOllse was placed in n c-ylindm' oj! +-mesh ha.rclwflr('. •
cloth with n diameter so small that' the mOils£> was not- able to hit£> or 
scratch the ticks Oil while. they wm·e· nttaehing. TIl(> cylinder was 
then wrapped in copper-wire screcning a.nd placed on a piec£> of whit·c 
cloth. The ticks '\\'el'(, placed on or inside the SCl'een and the doth 
rolled aronnd the cylinder and senlecl with adhesive tnpe to prevent' 
the escnpe of ticks. '''''ithout the harc1wlu'e cloth the mOllse would hn 
able to tear the screening. IUlc1 without the screening it would be nblc 
to pull the doth between the meshes of the lUll"clwlll'e cloth lU1cl t('at' it. 
A piece of :tpple or carrot was sometimes put ill the (·ylinc1er. and the 
mouse was confined for 24 hours or con!i.ned without food fol' (j hOlll'S. 

Orclinnl'ily the shorter pC1'iod was satisfactory, as ILll ticks that would 
ever attach uSUlllly do so in that length of time. The same method WllS 

used for eoUont/til rabbits. squirrels, andmllskrats by in(TCnsinli the 
size of the cylinder. 

After the animals had heeninfest:ed th('y '''ere kept in cages made 
of hardwltre cloth. set oyer It pltn of wat('r "'hi1£> the ticks comple\Nl 
engorgement and (h·opped. A mOllSl' held in this mannel' isillllstmtE'd 
in -figure 3. 'Vhen the tieks heeanw ellgoq:;ed Owy (l1'opped throngh 
the hm'chml'e ('10th cage into Uw moat helow. Onee or twiN' eaeh clay 
the. cage was movec: to a ('lelll1 pan and the tieks that: had <1l"oppeclwcl:C 
collected hom thE' watel'. They we"e unable to l's(':tPl' from the water, 
llnd were not in jured by submersion for 2'~ hours. Apple :tnd ca1Tot 
placec1in the cages provided both food and wld:e,' fo .. mice, ('Ot:tOIl
tail rabhits, tntlskmts, mts, and squirrels. Dogs Wl'rl' kept 1n 1:t1'~~r 
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FIGt'ItE S,-Cage for holtlillg lIleadow mOIl:'c OVCl' moat while tiel,s cllgOl'ge UIlU 
urop, 

• 

Prot.:m: 4,-Cage fOl' hQWiug dog llVCl' IL lllOUt while ticks Pllgol:ge and drop, 

cages over a moat in the manner shown in figure ,~, In this caae, 
however, the cage was provided with a removable floor to pel'mit 
,cleaning. Occasionally ticks were fed on domestic I.,tibbits, using the 
engorging cell described by J e1lison :1nd Philip (8). 

For observation of the movements of the di fferent stages in natural 
surroundings an experimental meadow plot WIIS laid out on a table 
in the laboratory yard, ' 
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Thisp\~t,sho.Wll in ligure 5, wus 30 inches wide by 59 inchGS lo.ng. 
J.t wasbuhltup o.nlt greenh0use~type tttble co.nstructed fo.r the pur
,p~e.To prevent theesCltpe of ticks, the hlbl(} was surro.unded by a 
~::inch moat which '~ltS kept .filled with creosote clip. Befo.re bemg 

I· 

F](HJlU~ r;.-~'!l])]e "llIen(low" with wir(' 1l10llSe \,11\1 nn(1 Ile:~t and with moat 
for conlilling tiel,s. 

l)laced in the table, the meado.w So.ds were fumigated to. kill all ticks 
present. A meadQw mo.use run and llest, co.nstructed o.f hardware 
clo.th, permitted the maintentUlceof mice ill fixed Itreas o.n theStu'!ace 
o.f the gro.und. As the meadow was entirely in the o.pen, the ticks 
were eXPo.sed to. the same co.nditio.ns they enco.unter in nature, with 
the Po.ssible exceptio.n o.f the relative aYl1i1ability o.f ho.sts. 

Reco.rds o.n the mo.lting o.f ongo.rged larvae and nymphs, o.n preo.vi
Po.sitio.n nnd o.vipo.sitio.n, nnd o.n the hlcubation o.f e{?gs fro.m engorged 
femnles were o.btained under outdo.o.r co.nditio.ns fro.m ticks kept in 
rearing tubes, vind under incubator 0.1' ro.o.m co.nditio.ns fro.m ticks 
kept in rearing tubes 0.1' in pill boxes set o.n mo.ist sand. I{eco.rds o.n the 
Io.ngevity o.f IL11 shtges under all co.nditio.ns were o.btained fro.m ticks 
kept in rearing tubes. 

The rent·jug tubes wete prepared fro.m test tubes o.f so.ft gluss 6 
inches lo.ng l111d % h\ch in diameter. 'J;he ~ll\ss bCi~to.ms.were rel~oved, 
and new bo.tto.ms were made by tlunplllg 111 It mOIst 11l1xture o.f sand., 
loam, and clay. This mixture co.nducts witter readily, is firm, Itnd will 
no.t draw aWlty from the sides o.i: the tubes if dry.illg OCellI'S. The tubes 
were kept in pltns o.f mo.ist Sl1nd indo.ors I1nd in the So.il o.utdo.o.rs. 
Light clo.th to.PS co.nfined the ticks in the ttibes, but glLVe go.o.d ventila
'tion and permitted mpid eVI1po.rntio.n o.'f excess mo.isture after mins. 

:In o.btaining the o.utdo.o.r reco.rds. the tubes were kept under two 
different can<htions to. reduce the po.ssibility o.f uRblg abno.rmal rec

1•. : 
\ ; 
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ords. In one lot the tubes were simply set in I-inch screen cylinders 
inserted into the ~oil to tl depth of 2 inches, so thut the tubes were 

. eXI)ose(l to direct sunlight and l'ltillfltll us well us to nIl variations ofI.' tempernture, humidity, Imclail' circulation. These lLre referred to in 
subsequent tables itS "outdool's-ullsheltel'ed:~ The tubes of the other 
lot were set in similar screen cylinders in the soil but under cmtes 
with roofing-pltpel' tops and sides of wood strips lu{d hardware cloth, 
so that they were sheltered -from direct minlall !md sunlight but 
exposed to aU vlwiations in tempem,tul'e, humidity, and f),ir circulation. 
These Itre referl'ed to in the tllbles as being "outdoors-sheltered." The 
method of l1Hlinbtining the tuhes ullder the two conditions is iUus

FIG1'1\F. G.-:UHintl'lllln('p of tirks in I1lJnll:lI~a;;itie stag;es. \\'lIen the box 01' ("rate 
is turned for\l'Hl"l1 o\'el' till' whes in till' f!lI"(~g;r(J\lIl(l tllt:W will Ill' sheltered fl:oll1 
((il:('!"t sunlight lind rainfall; til()f;l' in the hn('lq.:roul1d art' not protede(1, 

trnted in figmr G, As will he' shown later. no ,"cry great di fferences 
wm'e 110tec1 bet werll rr('ol"(l~ from til(> t\\'o types of locatiolls, indicating 
that those from both were ahuut normal. 

Studies on t:1w seasonal fllUllldtUJel' and aetiyity of the adults were 
made by collecting them in nntu)'e with a drag: The drag used waS 
of white flannel, 1 y!trd wide llnd II:.! yards long, A stick inserted in 
a hem in the i'ront ('))(1 kept the doth spread out as it was dragged at 
normal walking sperd oyer grass and othel' "egetation, The adult 
ticks which were \Va it iug for a host caught onto the doth as it passed. 
J1. ~'ope fasteped to the stitk 'permitted the opelytol' to ren~a,in erect 
wlule dracrgmg low vegetatIOn. Once each minute the bcks were 
removed ~ld c()unted to obtain the record 011 ah lJl1dance. 

The In,rvne anel nymphs cannot be collected with a drn.g, so in 
studies of their seasonal !tbundance it was necessary to collect their 
Datuml hosts, principally meadow mice {md white-footed mice. .J\.s 
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ticks begin to leave the host shortly nfter its death, it was necessary 
to C!\,ptul'e the anilmLls nJiye ill ol'de,r to obtai n lhe complete inJestit 
tion. Box-type tmps were used succeflsl'ul1y. At U\(' fil.·flt til(' mice 
were etherized and the ticks I.·emoved, but latel' all limits W(\l'e kept in '. 
cages over tmysoJ water "'hile the tickti on Chem completed engorge
ment and ch'oppec1 into the water. 

Records on the tempemtlu'C' and relative humidity were taken by 
means of a hygrotherlllogmph kept in n st:lndltrd wCILther illstl'llluellt 
shelter set over gl'ar:;s-covereel gl'ounc1 in all cxposed locittion, The 
ttVel'llge chtHy tempemtul'c tmel relative humidity were obbdned by 
ttVel'Ugin~ the readings at every other hOlll'. :M:onthly averages were 
derived from the dn,jIy a vcrages, R!Linfnll and snowfn,ll were mear:;
ured by means of the standard cylindrical rain gauge. 'l'he weather 
records, snmll1!trizecl by months, !tl'e sllown in table 1. 

TABLE 1.~.1[onthly .~1tmll!a1'i(,8 of 11·('(tlh('/" 1'1'f'01'(/8 III I'illf>!lf!/'({ ITn I'cn, .1la8,~. 

-~-' .. '-- '\ ! i -,~-" i ,,- ".' , ! I I 


i A\'crogo IAvcrag~ p , ' . 1n' I i AvurnP:(ll Averll~p: .. in' 

~[ont.1t t t(!lllpcr- , rclutivn ~~GIPl" am?r t. :\[onlh I tellliler., r?lnti,,{\ i PreqlJJI' 'I nm or

! utum liumidity tntlOn ano\\!, j uturc ,humidity' Wl1ol1 snoll' 
_" ....._. ·,1···___ ·_ 

-~3~ -1-" ~';~i ;::r:: ";::::8' -DIlI/S 1010 ! OF. I I't'Trcllt 1,,<'1'"8 I 
D"/I,'
,lun•••• , 30.8 j 74.8 3.·10 10 .Jan4~"" -·· ... i 23.0 70,2 : 2,20 7


,Fd,___ , ...F~h•••••• ! :12.5 I 74.-1 3.87 17 20.0 7J~{; t j;.3~j 13 

March..... 37.0 \ Ob.7 2.0:1 II :\llLrch. '-.' 31.~ 71.·( I 4.01 S 

April... ·17.5 60.0 ·1.27 12 Allril. _ .". ,(0 .•( 782 i n.23 12 

!llny.... 53.7 70..1 >I .03 , 10 ;\Iny... ,... _ 52. I SO.1i ' 2.013 12 

,Jun~," (l:l.[J 72.2 5.50 I 11 .llIne••••• ,. 00.2 78.8 2.U3 7 

,Jul~·. • 20.2 I 74.7 ii.iil l J I .IIII~'.... , ... OS.S S,1.0 7
j;.82 

AUg .. " d., 71.0 2.00 7 :Aug. ___ • 6(1.0 SO. I ! .80 ;; 

ScliL . • _ li2.2. 67.8 8.a,; U ,:';opL•.•.• 1l2.·( SO,O ' ·1.50 I 10 

001....... ,;0.1 i S2.U ·1.30 fI 10cL... __ • ~H1.7 7.1,0 .; 2.07 ; 7 

No,'.. " .IS,7 i SO,4 ·1.7(\ () X.,I·•.., 43.2 .. 7.j.u r ;j'{)2 f W 
 •
Dc!'_, •. an.n 70.S a,\18 12 , Dec .• :1.;.0, 7,i.3; .1,.15 i 10 


1030 t' 10,11 


: .1.20 I 10 \';11111 .... i
,Inn .,.' 28.1 7.( .0 28.2 00,0 ·1,(\7 0 

Feh•. _ al.s 7ij.2 iLO I ta F~b", 20.0 il.:I L·(() 0 

i\(nreIL al.7 ! 72.n 0.00 I 11 ,~I"r .. :l2.fi {i;.2 1 :lA·1 0 

April. ·(1..1 N.S 4,71 I !l April 40,2 73.2 I 2.U7 7 

!lIIW, ;,1.2 77.0 1.10 I 8 j';\(JlY" ' 5,1.01 70.2 .nn 8
i 


:
.IUlI('" G2.t; S1.2 :1.;;(\ I 8 ,llIur" (j2A 77.0 (Lla fI 

.llIly, 08 .•i 82.a 1.07 l 8 I ,lull', (\0.8 8,1.7 ·J.71l 12
I

Allg,. 72.1 82.3 .(.01 8 , AIIII_ 0:;,3 81.0 :l.·10 I 10 

ti"pL H2.;'i 77.0 2.30 i 10 I til·pL. 02.:3 7';.2 1.0;; 3 

0(·(.. fi,l.i U8.S 3. Hi I o "Ocl ." ij~ .(j 71.3 2.·18 (0 

"(II',,, 41n lii.:J .2,;!7 6 I ~O\' .!f),!) (1).;; 2,80 H 

D('~ •• , a·l.o 00,8 , 2..t3 I II :,D~t1 31).!:! 71.,1 3.al 7
I 


_,~._,.i 

LIFE HISTORY 

The Amcrican dog lie\;: mlR dl'scl'ilJPd hy Sny in lR21 (14). n.ncl 

Kincl' tlmt fime n number of entomologists hnn' ('onlr'ibuted to om.' 

knowledge of its life histol'Y and eeonomie impol'tance. TILl' lll'e 

histol'Y was WOl'kcd out in detail by lIoolwl', HiRhopp, and 'Wood 

(7) in lOB, alld It few observations Wl>I'e made hy Hadwen ill lOla 

(5). Tn 11)25 Zebl'owski (fJJ) pui>lislll'd It l'OPOI't Oil thp morphology 

of tllC spec'ies, and Oooll'Y bl'il'fly sllll1marized the life hir:;tory in 

1032 (;2) and the hosts and dif:;tl'ii>ufion ill 19;111 (,J). :Larl'ollsse, King, 
and 1Yolbneh (9) in 1928 l'epol'te<1 meadow mice as hosts 'for the 
immature stllp:es. The rep0l't of the Ohid of the BUl.'elttl 01' gnto· •mology :1'01' 1933 (930) discussed the host l'eltttionships, l.'epOloting 
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meadow mice, pine mice, !tnd white-foo.ted mice as the principal 
ho.sts of the imllutture stages in the "vicinity o.f ·Washingto.n, D. C." 
In 1938 Bishopp ltnd Smith (l) published It detailed acco.unt of the 
distributio.n, hosts, Itlld life history, based on the co.llectio.ns o.f the 
Burettll af Ento.mo.lo.gy and PJlwt QlHtrnntine Itlld o.n experimental 
rearings. 

THE ADULT 

The aclnlt mo.1e (fig. 7) is about 4:.5 111m. long by 2.5 mm. wide. 
The hard dorsal s\llcld is da,I'l\; brown, l11!u'ked with a variable pat
teI'll o.r white, The ulI:red female (!ig.' H) is i:llightly hu'gel' I'.1Uln the 

I~ldVHl' 7,-J)c/'!iwcenlol' t'ari(luili8: Dorsal aSlleet of n Illflle, 

mILle, and its S11icld, mueh more extensh'ely nULl'ked with white than 

• 
ilt. the nude, is restdeted to. the anteriol' portion oJ the dorsum. Feed· 
ing dol'S not a]ter the si~e of the llmle. but ns the fema,le feeds it 
incl'eases greatly in size, becoming about 13 mm. lo.ng b~r 10 mm. 
wide. An engorged ~fen1tt1c is sho.wn in figurc n. The size o.f the 
shield does not clHtllge. 

http:Ento.mo.lo.gy
http:co.llectio.ns
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F)GUII~; 8.-lJC/'I/I(l(:lmtOI' 1.:o1·iaIJilis: Dorsal USP{l(;t of IIllellgorge<1 femnle. 

'. 
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AD.ULTLONGEVITY 

The American dog tick feeds only on the blood of mammals, but 
under favorablecollditions of temperature alldhumidity the udults 

'.' ... ".\ 

11'lGUm: O.-JJCI'III(l(Jcntor '1)(//'illUil/lJ: Dorsal HHllect of engol'geil femllle~ 

muy live for long periods before ieedillg. Records on the longevity 
OT. unfed adults in various environments are presented in table 2. 

TAIlU] 2.-[,on{/cQ,i!1l' 0/ ,It'll/cd (I(llll/.~ 0/ ])f'l'lI/.aocntol' 'I'(lria/Jilis, at 
l'i1U!.]f(wd .fill /lCIt, MII.~.~.,-

GrClltcst lonllovity 
Environment of molting nymphH lind ' Sell.,,)u uf 11101 ling in olloh lot 


ndults Lola.i nynl/lhs 


..~.___.,.._._.._J ~ ______,_1_A_v_cr_ull_0-l __R_a_n_go_'_ 

IVutr.ber Days Days
Outdoorn·aholtcred••••••_••••••••••••• 3 MIly·.Tunc........... . 645.7 321-8501 

Do•••••••••••••••••••••••••••••• 20 Jllly._ •••••••••••••• 635.0 204-1,032
Do............................. . II .l\ugust ............ _ ............... .. 704.1 306-1/13
Do_................. ".......... . :J Scpt.·Oct............ . 622.3 ""0-1122 

Outdool'8·unshcitcrmL ••••••••• __ .... '. 3 Mny·.Junc••..••••••••• 3u7.0 261-444 
Do............................. . 13 .July•••••••••••••••• 622.,l 14-814 
Do............................. . ,7 Augu.st••••••••••••••• 567.0 314-760 
Do•••• _........................ . 2 Sept.·Oct............ . 5012.0 463-621 


lIollted rOOln ........................ . jj 76.8.0 723-011 


lIn cach lot n grOUJl of molting nYIIII)hs WItS used, nil of which hlld drQPped on tho annlo day. nnd 
adult.longovity WItS calculated from tllO ( ule the nympha hegan to molt to the In~t duto on which any
adults wero noted alivc. 

The JTIltXimulU 10n~evitYl 1,032 dnYfi, 'Was attained by ticks kept 
unuer outdoor condit.Ions, whereas the maximum longevity attained 
by ticks in n room heated hl winter was 9l:t days. These are very 
slightly less than the maximum ]ol1l!:evity of between 988 nnd 1;053 
days recorded Itt 'Washington, D. C., by Bishopp and Smith (1). 
The l'ecords are bllsed on the date of moltil1~ of the first nymph 
only ,in each lot, so the ext.reme longevity of any individull.l was 
;possibly a few (1ItYs less than the numher ofclllYs shown. Including 



14 TI~CH"'iICAr, BULLI!Y~lX (lao, n. S. DEPT. Ol!' AGHICULTURE 

some records not listed in table 2, ..J: lots lived less than 100 days, 4 
lots lived about 200 days, 8 lots lived a,bout 300 days, 1.7 lots about 
400 da,ys, 9 lots about 500 clttys, 9 lots ,about 600 days, 16 lots about 
700 days, 8 lots about 800 (htys, 7 lo.ts about 900 days, and 1 lot 
about 1,000 days. 

ADm T J.:)lGORGEMENT 

'When the adults are ready to feed they climb up on grass.'~r other 
vegetation, and when approached by a possible host they become agi
tated, clinging to the foliage with the third pair of legs and waving 
the others about, ready to grasp any passing object. 1£ they .find 
themselves on It f:worable host they attach and begin feeding. After 
both sexes !la,ve fed for several days, mating occurs on the host. 
The males continue to feed and mate".I'or an indefinite period, wherelts 
the females complete engol'gement and drop. Records of female en
gorgement are presented in table 3. The ticks engorged on the rabbits 
were confined in engorging cells (see section Methods of Study), 
whel~eas those on the dogs were free to attach anywhere. The average 
engorging period for all the females was 10.5 (htys. 

'l'AllI,F. 3.-FJl1!IOr[lf!ment of fC'/I/ale.s Of Dermacentor t'ariabilis 

Engorging period 

Host Fetnnlcs ,senson of engorgement !----,--.--
Average Range.I 


----.~~--...-.--- ..-.--- '--'-'- -_._---_ 
~Vllmber Day.• Days

Rabbit_ •• _.. ___ '" _." ___ .. ____ ._ ••••. 87 Feb" Mnr_. _____ ._. __ 10.1 S-15Do••• __ • ___ " ______ ._. _________ 70 Aug., Sept., OeL ____ _ 7-:2710.9 
12 U.8 9-14Dog _____________ • ___ • _____________ .. ,Mar• _______________ _ 

Do _____ .. ________ • ,, ______ • _••.• 29 Aug., Sept., Oct•• __ __ 10.3 7-16 

On several oc<:asions partly engorged females 1yere picked up by 
dragging. It is of interest to note, in the case of tick.; infected with 
the rickettsia of I~ocky :Mounta,in spotted fever, that if either partially 
engorged females or males that Imve ingested blood, but will feed 
again, become detached fro111 their hosts and should reattach to 
man, they can transmit the infectious agent of spotted fever in a 
much shorter time than could the same ticks if unfed. This is par
tiCUlarly true during the early part of the season during which 
adult ticks are active. 

PREOVIPOSITION AND OVIPOS!TION 

'Vhen the engorged females drop fro111 the host they seek a pro
tected location in which to lay their eggs. In view of the possibility 
that they might be seeking environments also favorable to their 
larvae (e.g., mouse nests and runs) as do the females of many 
insects, the movements of 14 engorged females were traced. Eight 
females were released in the table meadow (fig. 5) and their locations 
noted on the first, second, third, ii.fth, and fourteenth succeeding 
dayS!. Two were not found, but the six that were found ha(1 cl'!twled 
23, 16, 15, 14:, 1-1, and 8 inches, respectively. There was no indication 
of a tendency to ern,wI in anyone direction, and individual females 
were observed to travel in circles or to double back on their paths. 
To trace their movements more accurately, it very small cylinder 
(3 mm. by 7 mm.) containing 72 i1lches of silk thread whichpttid out 

',.•.. 


• 


• 

'" 
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easily was fastened to the posterior end of each of six females. 
Experience had shown that ticks "'ere not h::l.1lc1icapped by such a 
"pack," and that they readily pushed through tangled gruss, leaN
ing airail of thread to show the exact path they had taken. Of three 
';strung" females released in the table meadow within 7 inches of an 
occullied meadow mouse run, only one crawled directly to the nearest 
run, the others changing course at random. Three strung females 
also were released 011 a grussy bank neal' a roud, where mouse 
1:uns were numerous. After 7 days they were picked up and their 
paths charted us shown in figure 10. All three still had avail-

E'mURE lO,-i\Iovelll(mt (If engorged fenutlei; of f)cl'Il/fI('f>/Ilor rll1'ia/)ilis 
through tangled grlti;:;, 

able thread not paid out. 011(' had cmwled 01l1y !)112 inches and. had 
stopped under poor cover, The other two had crawled 'H:'V2 and 47 
inches, respectively, changing their courses many times without ref
erence to the mouse runs, and crawling through clumps of gruss 
exactly like the ones in which they finally hid. 

The interval between dropping from the host and the first ovipo
sition varies with the temperature, !"lnd hence with the season. Pre
oviposition periods under various emironmental conditions are 
summarized in table 4. 

The shortest preoviposition period observed was 4 d::t,ys, but the 
eggs in this case did not hutch. Preoviposition periods of 6 days 
we.ra noted in an incubator I\t a constant temperuture of BOO F., 
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TAB!.E 4.-Pr~ovipoliition peri{)d of DerllHlceliiOl: ";al'iabilis at T'illeYI!l"d Haven, 
,1f(l.~s. . 

--------------------~~----~,----------.--,------------, 
Prcoviposition period 

___~____E_n_v"j_ro=-____ "J~:I:_IC.'_! ~_~o_n~Of_e:go=~ _A_v_Cr_B_g,_,_}_l_ta_n_lle_ 
, I 

Number ,. DaYB Day, 
Incubator (SOD F.)____________________ 2 Spring_______________ Ig:~ I 1r.:~7 

Hea~~~~::::::=:::=:==-~:=:::::::: Ig -si'.t;n~~r~::::::::::::: 6.7· 4-10 
Outdoors-sheltered____________________ 3 Spring__________..... 37.7 I 26-58

Do_____ • __ ._____________________ 19 Summer______________ 10.9 i 6-25 
O.utdoors-.unsheltered__________________ 6 • ____do•• __ ._......___ 11.0 I 8-15 

indoors at an average tempemture of 77.50 , and outdoors at an aver
age temperature of .73.10 , all resulting in the production of viable 
eggs. This is somewhat longer than the minimum reported at ·Wash
ington by Bishopp and Smith (1). ether normal pl'eoviposition 
periods outdoors ranged up to 58 (htys . .A single femllle survived the 
winter before ovipositing, giving It preoviposition period of 189 to 
221 days, but the egf:"rs did not hatch. 

THE EGG 

The slightly ellipsoidal, yellowish-brown eggs are loid in masses, 
coated with a viscous secretion to prevent desiccation. No oviposi
tion records were made during this study, but at 1Vnshington, D. C., 
Bishopp and Smith (1) indicated the normal egg production of a 
female to be from 4,000 to 6,500 eggs, laid over It period of 14 to 
32 da.ys, as many as 800 eg/,.rs being laid in It single dn.y. The female 
us.ually dies within, f;. few days Rfter oviposition is completed, but 
may hve for several weeks. 

INCUBATION 

The incubution period varies with the temperature and season. 
Table 5 lists the minimum incubation p()riods (Le., from first m:lposi
tion to first hatch) of lots of eggs kept under various conditions. 
TABLE 5.-.iJ1illimum incub(ltion [Jcrio(ls 01 e[/f/s 01 De1'l/tl/cclII0l' 'v(l1'ialJili8, 

cOl/nted froln the fil'st C[f{1 I(lill in IInJl IIW.~8 to thc lil·.~t olle to hl/teh, Yille/lllrd. 
H(l!l;en, ,1((/,88. 

I Incubation period 

gnvironruenl -------•.. 

.'·umber J j Day, I Dau. 
lncubat<>r (sool'.) ___ •••• _____ ._ -..... 21 111tLy•• - ----- -···..-1 ~~.o 11 27-27 
lleated room .. " .,._ •• _..... '. 10 I1eforc Aug. 10_____ ••• 0".1 43-65 

Do......... _ ••_. , .• _,"". 8 After Aug. 10_____ •• _ 51.0 39-67 
Outdoors-unsheltered........ ___ ....... -I I1efomAug. 10__ • ___ I -17.7. 40-55 
Outdoors·.llchen·,'!'._. ___ •••••.•_.. ;, •• _.do. ___ •• _._...... 48.0! :l6-57 

._._ 00._ ••...:_:.~,_.__ ... - -I! After Aug. I~=.:-:::~L._,~~J~~ 

The shortest incuhation period observed was 27 da,ys, this being 
111 two lots kept Itt It constant tempel'llture of 800 F. The shortest 
period nnclel' outdoor ('{lnditions was an da.ys, at an avel'llge tempera
ture of 71.10 • The longest pet'iod undel' outdoor eon<litionswllS 303 
days, in the elise of eggs which survived the winter, but larvuefrom 
these eggs were abnot'mally short-lived. The 10llgest outdoor incuba

i. 


! 
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tion period oJ eggs producing normnl lnrvae was 57 days at an 

• 
average temperature of 65.2°. 

The complete incubation records of six lots of eggs laid at inter
vals during tIle oviposition period are given in table 6. Each lot 
includes nIl the eg~yS laid by a female on a given da,y. The eggs were 
kept in n room at n1most constnnt temperature, the nveraglJ ranging 
from 63.6° to 66J)0 F. Hatching in one lot (female No. 906) spread 
over ll,dnys. There was some tendency for eggs deposited late in 
the oviposition period to show \,liOl:tened incubation periods. 
TARLE6.-JlIc/lbution of e!I!IS Of l,l'wllulcCIIIOI' ra/,;II/J;li.~ III. l'iIlCJ///rd Haven, 

,;..: tI 88. 

t I I Eggs hntchecl on specified dllY following odpositionFall Oat. eggs; I 

~u:, e! deposited 
 '1.1:ggsr--.--.-------:'"-- -'-~-l---'-"T I" ,,' 

--~l. 1940 ~.__I~jl'.~: 56 57 i _5S.::.:_L~~i_~~J 62 ~:'!I'!:'~:';~~ 
, ! j , j ', '1 " 

'l~yum-l·Num-!·.Numjl·~v"m-l..vtl.r.-:x '·"- :.YlIm-lswn-.s'llm- '\·'''':-'_\'''''rlf-I··VIWI-jl:~V''''''-l;'YIUll- .vum-
I ~ ~ ~ ~I~I~ I ~,~'~,~I~~ ~,~ ~. 

906_ .... _,. Allr. 24,.",,,,,,, 336 ". ,,50 135, 109 _3 4 ... ", .. , . ,,, '".j ...... , _. ". 3211 
906 ........ May L".... j 191 "'1" "j 9 26 41 is 2 3 I 5' 12; (), I! I 178 
996 ....... 1 May 6..., ....1502 i 5 12, iG 143. iU 21 0' I ,=':" ,,;., ... 1 .. 'I 328 
909__ .. .,; Apr. 24_ ...... ,313 I ... ' .,,, .,., JU 3!1' 200 .. 35 2~. " 3 I 0 I I 313 
909.. _ .... 'j May 1.... _, 189 i ........l..... ..1 .... , S' ;10 121 20 ,I .. ..•. 189 
909........ May n-....... ; 61i !"__ I"! 46' 107 i2 ,~ ... ~~ 2 2 .._ .. ___~:.~419 

THE LAHVA 

The larv:L (fig. 11) eli /fers from the other stages 111 the absence 

I.'IOUJlE 11.-J)C1'I/Iol/(:clllor '('(lri///Jilis: 1)01:8al aSll~ct Qf lal'va. 
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of spiracles and in having only three pairs of legs, and from the 
adult., in lacking white markings on the shield. Unfed speci,mens 
are yellow, with red n1ltl'ldngs neal' the eyes) and llre about 0:6 111111. 
long. Engorged specimens arc slate gray or black and ahout 1.5 'e 
111m. long. 

LARVAL LONGEVITY WITHOUT FOOD 

In the ahsence of hosts but under f:tvorable environmental condi
tions, larvae may live fol.' considerable periods without feeding, al
though not so long as can the adults. Records of such survival 
under various conditions Ilre presented in table 7. The period shown 
is that from the time the first eggs in a clutch hatched until the 
late date when any larvae were observed alive, but since incubation 
covers from 20 to 130 days, the !lchml life of the last 1:Lrvae might 
have been a few days shoder than the period givell. 

TAnT.F. i.-r,Ollflcl'il./I Of Itl1TIIC of neI'1/II/('(llltOI'I·nl'i(l./ii/i,~ witllout fcrdillg 

Environment Lots 1 Sea."Ion or }lILtC!lin:~ 

Henwc! __________________ rO'1I11 .... " _" • . "__ ".00 ..• " 
Outdoors-ullsheltered _... "_" _. ___ . __ •.• 
Outdoo",-shcltercd _ "_. ". _ _. _ ._ 

Do ______ • _____ • ___"~~ .._':__._.~_I 

1 Each lot includod nil tLe lurmu produced by onc fClllnle. 

The. greatest ]onge.yities ouserved were 540 days under outdoor e 
conditions n.nd 528 days in a heated room-considerilbly greater than 
the maximum longevity recorded at 'Yasilington by Bishopp and 
Smith (1). Five other Jots showed longe\'ities of about 500 days, 
20 lots about 400 days, 14 lots 300 days~ 2 lots about 200 duys, and 
7 lots lived for about 100 days. FiYe of these l:lst 7 lots were abnormal 
in that the eggs had been exposed to winter conditions. 

LARVAL ENGORGEMENT 

""'hen the larvae nl'e ready to feed they emwl about seeking their 
hosts. In the table meadow they were very ra,rely observed in the 
waiting position assumed by the udults, but were seen in numbers 
cra.wling along the wire enclosing the mouse run ancl along blades 
of grass. "1len any object approached them they ceased movement 
and stretched out their legs in the manner of the adults. grasping 
whatever was bmught within reach. They were obviollsly concen
b'ated along the mOU8e I'UI1, app:u'ently attracted by the odor. They 
probably reml.Lin low in the vegetation, as they are never btken on 
drag:;. 

Records on the experimental engorgement of 6(l,770 larvae on 
meadow mice are presented in table R. The time required to complete 
engorgement ranged from 3 to 1:~ clays,. with the greatest number 
dropping on tIl(' fourth clay. The :lv('I'age engorging period was 4.4 
d:tys. As many as 2,6·14 lal'va<' weJ'e able to engor:re on it single 
mouse at one time, bllt other mice died ill the cages with 1I11lGh lighter 
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infestations. Only the records from mice thn.t sHrvived for the entire 
period of observation are included in the table. 
TARLE 8.-En(lol·!lCI1/.{!III, of [al'/'(Ie o[ Del"ll/accmto/' ml'ial)ili,~ on meadow mice 


at l"illoyurcl llnr:cn, Mass., 1987-39 


I Engorging period 
Season oC engorgement I Lan'llC 

_______.___ ..._._._~~.. ,.~______: observed ..~vemge I~ Range 

~Yumber Da1l8 Dall.Sprlng ___________________ .....__ ••••••• ______ •• _. __________ _ 31,792 4.30 3-11
Summer______ • _. _________ .,.___ •_________ • _______ -- __ -_ -. __ 16,153 .5.13 3-11

Autumn_ • ____ • _____ • ___ •• , •• _•• _•• ____ • __ ..___ .--. ________ _ 11 ,992 ·1.07 3-13 

Winter__ • _______ ••• _____ ... __ .• _••••• __ _ .••. ---_ .-- ___ -"- 6,833 4.10 3-12 


LARVAL MOLTING 

After the ]nnrue have completed engorgement nnd dropped f.rom 
the host they seek u protected place in ,,,hich to molt. The interval 
between dropping and molting varies with the temperature and 
senson. Table!) presents the molting records oT larvae kept under 
various conditions. In ench case only the minimllm record for ench 
lot is ~iven, i.e., the period 1'1'0111 dropping to the time the first larvae 
moltecl. 

TAnT,F. n.-Period [rml/o tlro[lJlilifl [1'0111 the l/O,~t to moUiIl!1 o[ Im'I'(/(' al/rl. nllIl/.Jlh.~ 
o[ Dermacelltor /'(I/'ia/Jilili (1/, rillcynrd 1I1I:UCI/, .lfn,~8., 1!JSS-40 

PERIOD FOR LARVAE 
'f''''--' ...._, ' ... ·'....·--····-'~..-f 

Period 10 molting
I : in eneh lo~ 

Bnyironmcnt Lots ; Senson of engorgement ~ ____ 

.__.__. ...____ ___ _. A\'cmP;Q! Range 
·-..---i----

N"umbet 1 Dall' Dall8 
Outdoors-sheltered. ... ..... ......... .' III May-Sept.......... '" .- 20.7 10-49 


Do.............................. . -I. Oct.·ApriL_ •••_.... _ 163.5 64-247 

Outdoors-unsheltered. : ........... _...... . IS ;\J lLy·Scpt....... .. ... 21.0 10-17 


00___....... • ............. . U Oct.·April_ ......... . 185.5 76-247 

Incubator (SO' I,·.) .................. . -I. lIlny-Sept ............. : 0.5 H-7 

Heated room .................... _... . .j Oct..-AJ>ri1 ....... _..... ~ ___ .. .. F~.S S-17 


Outdoors-sheltered •• H.' •.•• , .• !Ii .·1 ,';2-142
Do.__... _ .• "" ...... __ . a·1. 4 25-10 

00. ____ ......................1 267.8 241-201 


213.0 170-256
Outd~g':;':~ii;I~;ii;;~eC::: _ :: :.~: : .• , 97.6 56-131 

00___ ._.................... _ • 35.0 24-54 

Do_~... __ .............. '", __ .. . 2:;[.0 21.'i-257 

Do... __ ........_............ . 198.·1 172-240 
...__t_.-".___ 

The shortest observed period from dropping to molting was 6 

days among ticks kept at a constant temperature of 800 li'..A.mong 

ticks kept under outdoor conditions the molting period ranged 

from 10 days for larvae dropped in July and .August to 247 clays £01' 


larvae dropped in October. Records showing the molting periods 

of ~l,ll individunls in It single .lot were not taken, as an enormous 

number of records of this type hud been made at 'Vnshington, D. C., 
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and smnmal'izeel by Bishopp [mel Smith (J) . .At modemte tempera
tures molting in tl sblgle lot spread over 18 dn,ys or less, nnd nt low 
temperntures it sprelld over~6 du,ys 0\' less. However, 1n the case • 
of some lots of l!wVlte which dl'oppedlate in September nndwere \ 
kept under outdoor conditions, molting began the same fall tdter 
32, 38, 4:9, and 41 dI.LYS, waS intel'l'upted by winter. Ilnd began again 
in the spring after :W!), 221, 2-:1:5, and 220 du.ys, respectively. 

THE NYMPH 

~rhe nymph differs from the adult in the absenc'~ of It genital open
ing on the Yen tel' ILnd of white mal'kinl:,"S on the shield.; it differs 
from the lttrvtl in the possession of stigmal plates and fonr pairs 
of lebl"8. The lllrfedmYll1ph (fig. 12) is light yellowish brown, with 

FIGum, 12.-Dcl'maccntol· ,VCtJ'iubilis: Dorsal aspect of nYlllph. 

red ma.rkings ne:tr the eyes, and is about 1.5 mm. long. J~ngorged 
Hpecimens are slate grn;y and about '1 mm. long. 

NYMPHAL LONGEVITY WITHOUT FOOD 

Like the larvae, nymphs feed only on the blood of small mammals, 
but in the absence of hosts they mlly live for long periods without 
feeding-for It longer time than brvae but :for n, much shorter time '. 
than adults. Longevity records of llymphs kept under various condi
tions are shown in tllble 10. 
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['ABLE lO.-;rllmplwlloIlUcvitll of D01'l1U/COlltOI' v(/.1'iabili.~,lVithout food, 
Yinollard J[amon, .1[a88. 

I, ! Longevity in each lot 
Environment of molting lU,rVBc nml r Lots of; Sl'l1S0tl or JBolting

nymphs I larvae : Average Rango 
-----------.,----., ..-...-,------.--!~--I---

, Number I Days Days
Outdoors-sheltered ' •• _••__• ___ ._. __ •• _ 11 July·AuK. __ ._ •• " •• ,. 446.9 362-564Do•• _. ______ ,__ •____ ...._______ • 13 Sept.-Jan•• __ • ____ ••• _ 3().1.1 149--478Do________ •• ' ________ • ___._•• ___ 35 Apr.-.June ___________ • 295. I 20-584Do_______ • __ , ______ • ____ • ___••__ 3 ______ .... _____ • _____ • 444,0 423--483 
Outdoors-unsheltered' ___ •• __ ••••••• ___ 1I .July-AuK_ ........ __ •• 362.1 74--451 

Do. __ • ___ ..... '. __ .............. 13 -I Sept.·Jan...... -_... 315.4 151-51!!
Do.___________ '. __ ... __ • _____ .__ 2.; Apr.·June•.•.•••• ,... 223.1 29--458Do _________ • __ ' •• __ • __ •• __ • __ •• _ 3 l _ • ___ .. , ••• _ •• ____ •• _. 430.7 247-547 

Heated room ' ... _____...... ____ • __ .__ 341. 7 275--42fi0 1.----...............__ 

------.----------------~-----~-------------~------~------

, In these lots tL group of lIloltinK larvae. all of which had dropped on the Bllllle dllY. WIlS used. and 
nymphlliiongcvity WIlS calculated from the date the first llymph 1Il01tc;1 to the IllSt dllte 011 which 11I1}' 
nymphs were seell nlh·e. 

'In these lots the 10Ilge\'jt}' was cnlculated from the dute the la!.L nymph molted. 

As molting in It single lot might spread over 2 weeks to It month, 
the actual life of the last nymph might have been shorter 01' longer 
than tlle periods shown. The greatest longedty atbLined, 584 dILYS, 
WitS greater thaC that recorded at "~ashington by Bishopp and 
Smith (1)-

l\'Yi\tPHAL ENGORGEMENT 

'Vhen the nymphs are ready to -feed they cm",l about seeking hosts 
in the same l11a1111el' as do the larvae. III the table meadow they were 
observed concentrated along the mOllse run, and, like the hn'vlle, 
they are not picked up on drugs. 

Records on the experimental engorgement of 4:,013 nymphs Itre 
presented in table 11. The engorging" period ranged from 3 to 11 
days, wHh the greatest number dropping on the sixth day. 

TARLE 11.-EIl/f01-/femcllf, of Ill/ln/Jhs of DC1'IIIIICCIltol' t'f/,ri(lIJiIi.~ at. Yi7101Ia"d 
J[W/lOlI, .1[(1S8.. lfJ.'J8·;'1 

En~orging period
NYll1phs : S~on of engorgement ,__________ __Host 

Number 1 DaYB DaY8_
 
Meadow moueo ___•• __ .... __ •.• c \ 

3 8
382 :':i!lring••• _________ .__ 5.l7 
Do. ______"' ........___ ..... " ... 150 Summer.......... __ •• 5.81 4-8 

..... 

Do ________ • __ ••____ ._ ••• _•.. , .. _ 471 Autumn..... __ ....... 6.20 4-11 

Do_...._...................... _. 178 Winter.............._ 5.33 4-9 


Rabbit••__ ...... , ... 1.6611 Spring..... __ ...... __ :1.82 3-11 
Do.; ...... _ ". .......... -- c I 1,135 Summer........... __ • 0.46 4-11 

00_ •• __ ••__........... c" 1~ I Au~umn.. -- •• -- ...... , ().1~ !' 5-7 


c ... _. _ ....... .. 


• 

Muskmt. __..... c ... c',,,,, c,._., I. 1 Spnng......._::::_._.._-_• ..:.!____7_._7~--'-1____7-_1l_ 


The rabbits used were wild cottontails, with the nymphs free to 
attach anywhere on the body. Nymphs were also engorged in cells 
on domestic rabbits, but the records on these are not included in the 
table. The majority of the l1ymphs that dropped from rabbits were 
normal, but a sizeable minority were abnormally bloated Itnd died 
a .few days after dropping. 'l'rager (19) has shown that rabbits 
and other animals may acquire immunity to tick engorgement, but 
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the ticks that engot'ged on I'e~istal\t !LIIimnls wel'e undel'sixec1 rather 
than bloated. Tht' nymphs \\"el'e free on ('he muskrat fLnd engOl'ged 
11ol'lnnlly. 

'When the nymphs haye completed cngol'gemcnt ILI1d hRYC dropped 
frol1l the host they seek. 11S did the 1:LI'\'ae, a pl'ote('tecl place in \\"hh:h 
to molt. In one instance 11.11 engOl'gecl nymph waH found in a, monSe 
nest, but engoL'ged ticks al'e ml'ely rncollntel'ed ill nature, Table!) 
presents recol'cIs on tile periods between (hopping and molting of 
nymphs kept under YILl'iom; OlltdOOl' conditions, In eaeh case only 
the minimnm pedod :1'0[' eaeh lot is shown. The sllOl'test period 
observed undel' outdoor conditions was 24, days. the nverage tempem
ture :1'01' the pel'iod being 72,;30 .P" but nymphs kept incloorH molted 
in 20 to 2~ days aftm' lea\·ing the host. rnder outdOOI' eonditions 
the pet'iocls "IUT with the tel1lpeminl'e and S(~HSOn, the longei-it period 
recOl'{led being :201. days fol' nymphs dl'Opped in Odobel", and the 
Hverage tempemtuJ'c 'I'OL' the pel'[od being +~.!l0, 

Xo recol'eIs on the 11101tinp: of all illdi\'iduals in a lot \\'m'(' lIIade, 
as n 1:trp:e numbcl' ofl Huchl'N'ol'(ls had been made in ,Yashington Ilnd 
sumtna1'ixed by Bishop!> and Smith (1), At high te'npel'atnl'eB molt
ing in fL single lot spl'ead OYeI.' aholl( 7 days, and at low temperatures 
it sJ)I'ead o\'el' n bout 50 days, with oceHsiollal rel'ol'ds Bpreading it o\'er 
as much ns 70 days, III theHe cxpcl'il\lcnts llloHing "was completed the 
s:tme seaSon it began, 110 lots being diyic1ed by winlel' as in the case 
of the Inl'we, ,\'hen nil' OlllWt of Will[PI.' founc1moHing ill a lot partly 
('ompleted, the IInmoltcd nymphs died, bill in nmn,r lotH whieh had 
not hegun to molt the nymphs sun'i"ed the winter I'eadily, Thel'efol'e 
the spl'ead of molting in a single lot j>I'p:lllntably fell within the limits 
I'eported nt IYa~hitlgton, 

SEASONAL CYCLES 

In spite of the 1I1l111Cl'OUS papel's ('olH'l'I'ning this spl'eies, thm'c were 
slill many poi niH ahout its biology tha(- \\'Pl'e ob:l('\II'e. Ilnt! in the pl'l'S
pnt sluely it was planlled to investigate· SOllie of them, 

1'\\'0 lIlain types of datil \\'1.'1'1.' ('olleetec1, following the methods des
C'ril)('(\ in the scdion Oil techniqlle, 'l'ieks Wer(' I'P!lI'Nl eXlwl'illlentally 
and all :;tages exposed out of' doot's in glass tlli>t'H. to d('t(·.f'l1Iine just 
how long eaeh of the llonparasit ie pel'iod:; lasted IlIH1(>]' nn (1lt.'HI condi
tions when sUlI'ted in Im\' lI10nth of the Year, HecorclH on seasonal 
abllndanC'l' wero made by'c1ral!ging 1'01' ndlLltH amI t mpping mite Tor 
lal'vae and lIymphs, Seasolllll-abllnd:UH'l' reeol'(l:; '\\'(,I'e nlade in SP\'

ol'a.1 11I'ellS, bllt in this clis('ussion only those ·ft'Of11 the rnost hea\'ily 
infested area, Gay 1 lead, wi.ll be pl'cs('nted. HH this IH'e;\' was typie!Ll 
of Ill! !Lnd waS Ilniollchcd by contl'ol ('xpel'illlcnts, 

Consi,clerabl(, thought was ::rin·n to thc qllestion of the beBt: manlier 
of compn.l'ing the seasona] ablllHlante of the illllllatul'c stages. as de
tel'lninecl by tmpping mite, in diJtcrcnt areas and in difrerent seasons 
in the samc area, At lil'st glance it would seem that a JaiL' method of 
comparison wOllld be to make a gmph of the seasOl1!tl abundance, 
plotting on the abseissa HIe months and Oil I'he ordinate thl' average 
number of ticks fot' each mOUSe caught (dotted line. fig. la), Mic~ 

'.• 
" 
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that died before examination would haye to be excluded from consid
eration, I\S many of the ticks would have detached soon after death, 
and no Iair comparisoll could be lIlnde between the infestations from 
these and fl'om living mice. 
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(. l'he number o·f mice Vltries considCl'ably in different n,reas, .how
ever, Itnd at different times in the Same ltrea. and it seems reasonable to 
assume that an infestntion of 50 mice to the acre, each clLl'l'ying 20 
ticks~ would represent a ~I'eater abundance of ticks thml an infestation 
of only 10 mice to the acre. ea('11 carl'yin~ 20 tiekt;, This aspect is pn,r
ticuln,rly impOI'tant, tiS we wish to considCl' the etfect of the number of 
larvae that engorge at allY one time on the nymphs present at definite 
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FIGURE 14,-J.arvnlnbuudnnce of DcrlllllcclltDrl"llri(/bili~ plotted by 
ditIm:l:llt method:'). 



later times, lend the effect of nymphal (,lIgOl'gc11Ienl' on the subsequent 
seasomtl. abundance of adults, The Pj'OpOJ Lion of white-footed mice to 
meadow mice also "tLril's, lUl(l thes£' species Ilre not complLrable as hosts. 

A method t,hat would gi re weight to these factors would use It 

constant number of tl'aps at cnell collection ILnd plot ol'l the ordinate 
of the gmph the totn1 number of ticks collected as represented by 
the broken line in figure 13. As the mice that die would not be carry
ing their full infestation, it would be necessary to eliminate the col
lections from dead mice aJtoget.her, and increase the total collection 
by the proportion of dead mice to live mice ..A plotting by this method 
is represented by the solid line in figure 13. 

In the example plotted by these methods in .figul'e 13, all three lines 
corresponded very well, but as the seasona.l fluctlULtion was fairly 
regular this might not be considered tL fl1ir example. For this reason 
the same methods were applied to the most abnormal graph of 2ar"a1 
abundance a.vlLilable, showll by the broken lille in H~ul'e 14. Once 
more, plotting curves by all three methods revealed the same trends. 
It wus therefore decided to use tIll' complete collection from a fi::>:ed 
number of traps, wcighted :(01' dead mice. 

THE LARVAL CYCLE 

The seasonal abundance of 1arYlle at Gay Head, Mass., during Hl38, 
1939, 1940, and 1941 is shown in figure 15. In the first year, 1938, 

MAR. APR. MAY JUNE JULY AUG. SEPT. 

FlGmur: lfi,-Sensonul nlmn<lIlI1CC or laryae of f)cl'I/!.n('cntor mrinbilis nt 
Gn,\' II('ad, :\Ia~s. 

t.here was n. moderate pelLk at the wry b£'ginning of the season, declin
ing slowly to the point of complete dislLppen.mnce in July, In August 
the abundance .r08e IIglLin to It high peak. from ,,,hich the dedine was 
much more abrupt. 

The interpl'etation of this gra.ph, made ·f:J·om conditions where no 
control was attempted, is of ('0I1sic1el'l1h1e i.mpol'tan('e in determining 
just what ClLn be, (~xpeeted where eonll'ol mCIHiII)'eS Itrc applied. Since 
it is known thltl laryae cnn live '/'01' l11(we tlmn a yelLl'. Ilnd that lack 
of moisture is the most <letl'illlenl.nl o'f 1111 ('limatiC' fadOl·S. it would be 

• , 

..•.. ' 
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logical tOl1ssume tlutt the ticks estivate ill the hot, dry sUlllmer, being 
active in the moist spring and full. But weather records (table 1) 
show'thnt the humidity was higher in July than in either August or 
September, and there was more rain in July than in August or the 
first half of September, by which time the peak of activity was past. 
Also, the abundance of nymphs (fig. 16) was rising while that of 
larvae was falling, and both respond to climatic conditions in the 
same way. The Itbuncbnce of mendow nlice, although low in July, was 
as high in June I1S in August and higher than in a,ny other month. 
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FIGURE 16.-Sens()nnl nhun<1nnce of n~'lllphH of Dermacentor 'L'ariabilis, at 
Gay Hentl, Mass. 

Typical outdoor records on oviposition and incubation, presented 
in table 12, show that the eggs of the first fenmles to engorge in the 
spring of 1939 did not hatch uuHI .July :24, whel'eas the eggs from 1111 
females dropping between the end of March and the first of .July begltn 
hatching during the period from August 1 to 24. This period of first 
11l1tching immediately prcceded the summer pCltk of abundance us 
shown on the grlLph. !tnow becomes appnrent that thefluctuntions 
l'epresent actUl~l eli fl'erences in the number of larvae l)J'esent in the 
!trea, lLnd the cOl'reetinhwpretation Itppears to he that: the spring pelLk 
is due to hibe1'l1lLting hr\'ae i'rom eggs hatched the previous bU, since 
in most instances eggs did not survive the winter in breeding tubes. 
Since there can be no addition to their llumbers until egbTS from 
spring-fed 'females begi.n to hatch, their abundance constantly declines 
us more and more become engorged or die, until by July practically 
all are fed or killed. Then hatching begi.ns, and the numbers rapidly 
increase as eggs from the numerous "females chopped in April, l\Iay. 
and June aU begin to hatch.at once. Femtdes fed Il#er the middle of 
July produce eggs that ",ill not hutch until the end of August or 
later, when larval activity is declining, lLnd the laryue from these 
eggs carryover until spl·ing. 

Fl'om the close correlation between these collections and experi
mental rearing records, it appears that in the presence of an adequate 
number of hosts the potential longevity is never realized, and there is. 
no estivation, p.ractically a111tt,t'vae engorging soon Itfter llatching, or 
after becoming active in sIll·ing. Cohtrol measures directed against 

http:hatch.at
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:I;Anr,E l~.~l'rcot:ipo.~iliol/, il/cubatiOI/, (lIIcl lm'/xLl 10lffjerU/J oj DCl'llHlccntor 

':(!I·i(//Jili.~ lit l'il/eya'/'fl Hallen, Jl(/.~.~'. 


Oat" Dnte Onto u,Jlt larva died sometime 

femalo drOPIICd oviposition began hatching began during pcriod,

10SS 1O.~O i 1030 
Nov. 4_._._..... (Il 1""''''''''-'' ....................-_.._.......


Do._ ._.....,. l\[ny 12~hmc 13 .,." (1) ............. _...........___ 

~ov. 17••••••••__ .. (I) ................ _ ........................._•••• 


DO··iD80- ...... - ... ~ ... · (l) r '.- ~.. .~ w ~ ~ -""' .... ~"' .. ... ---- ....... .. • .. - ............... - .. 

Mar.22••••_••••••• ?llny 12-.I\lno 13...... : (') ........................... . 

00•••• _.............do........ " ••.••July 24 ............ · Aug. 12--S"pL 13.10,/0.

Apr. IL •••• __...........do....... .• Aug. 10 •. "'" .... ' ~o\·. 13, 1D30-I-'i:u. (1,1040. 
Apr. 30.................do........ . Allg. I. .......... .Iuno II·Jllly 13,1040. 
May 22••• __ .... . :\Iny 22-.lun<l 13 ....do.... • . .Inn. HI-Feh. 12. 1041-
May 20•••• ___ .... .IlIno 13-.111110 2i ... Aug. 8 .... '.. • • •.•• 00•••••.•• __.....__... 
June 1. •• __ ............do...... .. Aug. i.. ....... Ocl.l-1-Xov.12,1040. 
Junei.................do........... Aug. 11........... ~o\·. 12, l!H(}-Jlln.16, 104.1. 

Do. __ ......... . ....do ...... ..... Aug. i .. ........... Oct. 1-1-:>10\'. 12, 1040. 
JUly 6..... ........ .Iuly 10.•• ' ....... Aug. 2·1.... . .... .. .••00.................. . 
July 26••_....."" Aug, >I.... ...... S~pL.13... . _ 1'10\'.12, 1040-.I"n. 16,19·11. 
July 27.................do........... . ••. do .. ..., .IlIn. HI-Feb. 12. 1041. 
Aug. 2............ Allg. 10.............. S~pt. 20........... Aug, 12-8ept. 13, 1940. 

Aug.S.......... _ Aug. 17.............. /' Oct. i........ .. Oct. l·I-Xov, 12, 1040. 


1040 r 
Aug. 24....... ,-. S,;pl. ~.......... June 17........... , ..... 00...............__ ••
I 
~r,tJt:::::::::. ~~i:t:3~:::::::::::::' m F::::::::::::::::::::::::::: 
Oct. 20............ · (Il ................... :......................... .. 

Gct. 21....__ ..... ~;. (l) l~.=~-==~:.~~ ..j~~==:............--- ... ~~~ 


I Fomale dio!1 without odpositing. 
• Eggs did not hatch. 

adult ticks should therefore produce an effect on larval abundance by 
the end of the same season. 

The abundance of hLryae in 1039, as shown in figure 15, varied in •• 
some l'espects from that in 1938. Collections were made each week 
instead of each month, and the mice captured were held at the htbom
tory for 8 days to permit all ticks to drop, then released at the site of 
capture. Thus 1 week's catch was absent from the area at each trap
ping, and early in the spring, when mice were scarce, this miO'ht have 
affected the llumber captured. The greater :frequency of c01lectionB 
made more irregularities in the graph, but in general the trends were 
the same. This year, as in 1938, there was a lugh spring peak repre
senting activity by oyerwinterecl flat larvae, climinishing uS the num· 
bel'S of such larvae were diminished by engorgement or death. The 
peak occu.rred in ,May rather than March, probably because the 
weather was much colder (table 1). In 1939, however. there was also 
a peak in late June llnd etu'ly July,:£ollowing directly the period of 
lmtching of oyerwinterecl eggs in the breeding tubes (table 12). Such 
a peak was 110t present hl 1938, when the!'e had been no suryiyal of 
eggs in the rearillg tubes. The late·summer ilnd early·fall increase in 
abundance, present both years, once more follows the hatching of eggs 
from females dropped in the spring. 

The spring abundance of larvae in 1940 was enormous in c9mpari
son with other years, becoming appltI'ent early in ApriL even though 
this month ,yltS as eolcl as iu 11);39. Once again this spring abundance 
can be nttribul:edonly to hibernating htrvae, as hatching of overwin
te.red eggs dic1 not begin until the middle of .June, lmd hatching of \. 
spring-laid eggs did not begin before August. Held UI) by the tremen

http:1'10\'.12
http:l!H(}-Jlln.16
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dous lUunbers of 1ILrvae that carried over fro1I11939, when adult abun
chmce and hence oviposition W8re at their height (fig. 17), and per1mps 
assisted by lmtchillg of overwintered eggs in June and July, 1arvILI 
abundance clid not reach It real low until August. The In.te-summer 
and fall abulldn,nce was much lower than in either l)l'evio~ls yeILI', 
although there were more adult ticks than in 1938, and mice were 
abundant. 

In lSJ41 the ILbuncln,nce of overwhltel'edlal'vlle was greater than ill 
any year except 1940..A.ctivity began en,rJ;v, April being warmer than 
in any yen.r except 1938, and 111r"ae contmued to be numerous until 
t.he end of .Tune, us in 1940. The fnJ1 population was lower than in 
:lIly other yellr. 

The reason for a late summer pen,1\: of llll'valabundance in 1938 and 
11)39 :mel its absence in 1f>40 and 1941 is obscure. Appn,rently it is not 
correlated wi.th abundance of mice or rainfall. The average tempera
ture for August (table 1), the 1uttching period of the eggs, was about 
G degrees lower in 1940 lludlSJ41 than in !fla8 ItllcllSJ3!l. This does not, 
however, necessarily expln.in the difrerence in abundance of tick larvae 
in these two periods. 

THE NYMPHAL CYCLE 

'. 
Table 13 presents typical out.dool' breeding records on larval 

molting that help exp1a.in the fluctun.tions in nymphal abundance 
8hownin figure IG. Oonsidering first the graph for 1940, the yel11' 
corJ'esponding to the records in table 13, we fiudmodemte nymphal 

']~Anr.E tR.-Jloltill{1 of /(11'V(/(, (11111 lUI/.!IC l'iI II Of nlII11Jlh.~ of·Derlll(weniol' '''(lria/Jili.~ 
at, l'illC'lIorll Ha rC'n. M(lNS. 

Dute lur\'u~ dropped 

1!J.~O 	 1080
•JUDC 10... _.. ~ , •• _..... ______ .. _____ .... ____ .. ~ .JUIlO 3~••. _ ' 001,. 14-No\,. 12, 10·10• 
•Juno 20~.. ~"' ........ ____ ,.._ ...... _....... _....... __ ,luly 10•••••••• SeJlt. 13-0ct. 14, 10·10• 
.Juno 27~ .. _~ . _ ~.~ ...... 4 .... _ .. _ .. _ .... _ ..... _ .. _ ............ ... .JIIly 10••.•..• Oct. 14-001.. 30. 111·10• 
.JlIly J1.. • ........................... . 	 • July 20.. , '. FIlb. 12-Mnr. 13. 1041. 

• JlIly 	 18•• ", ................................ . Aug. L •.. ,,,,, . Sept. 13-0ct. 14, 1040. 

Allg. 4........ . ,Jnll. IG-Feb. 12. 1941-
Aug. 10••••. "" Supt. 13-0ct. 14, 1040. 1~!~. ~t::::::::::::::::::::::::::::::.:::::: AIIIl. 18 •• _ ..... .Jnn. Hl-Feb. 12, 1041. 

Aug. 15.__ -.' .. '" .............. , •• _•• "., ._ Allg. 27•..• " '. Nov. 12, 1040-.Jull. 10. 104l. 
Sept. 10•• "' .. , .. . Sept. 13-0at. 14, 1040.~~:ft·. 27,::~:::::::: :.:::::::::::::~:::: .::::: Sept. 30...... .. .Jun. 10-F~b. 12, 1041. 

Sept. 12••• , ...' ....................... __ ... , ••• Oct. 8....... . Sopt. 13-0ct. 1.1, 10.10. 
Sopt.10...................................... , Oot. 27"•• ' " Oct. J.l-No\'. 12, 1040. 

Noy •. 13 .•••••.• Aug. 12-Sol1t, 13. 1040.~';ft~. 2g::~: :, .."=.=:~::::::::: ~.: :::::::::::::: (I) 
11140 

OcL. 3 •• " '. __ •••.•. ""., ' ••••• __ ........ 	Apr. 15...... •July 13-Aug. 12, 1040. 
Oct. 10........ " •••• , ••• __ ....... _........... ' 	 •hmo l:L ........ Aug. 12-Sopt. 13,1040. 

O(ll. 20...............................__ .... .. 	• Junu 18 .... ".. . "\Ug. 12-Sopt. 13, 1040 • 

Oct. 28.... . __ •• ,.'" •• ".. ' •.•.• , .............. . 	 .hlly L ..... , SOJlt. 13-0at. 14. 10·10. 

Nov. 13••••• __ ........................ _•••••• (Il 


1lJ40 
.JUII. 20•..•. ,.- . __ ........ ..... "" (I) 

Feb. 12•• ,. "........" ... , ' ........... . 	 .Jlllle 10. "' ... ·.j;;iy·i3::Ali~:iiCio.j6:···· 

1\Iur. 2•• "' ............ __ .. " •.••• ,JUII" 11.... "" ' .Jun. ](i-l~ch, 12, 1041. 

Mar. 20••.. ,.", " ... _ ...." ' .. " •• " ,JUl\o 10 .• ,,, ..... Allr. ll-J\[ily 13, 10·11. 

Apr. 8........... ,.......... .,,.,, ..... . .Juno 11.. Nov. 12, 1040-.lun.l0, 1IHL 

M/.y L ....................... ' ....... . ,JUliO .II.••. "... P)

l\Iny 1\, ................................... ' ,JuM 13........., .Tull\\ 12-.ruly 10. 10.J1. 
•June 3..... , ~. ".," ,.-~." ".. "'~ .. "' ... ~ .. -"'" .Jllnc 22, .lun. 17-Fcb. 17. 11)·12• 
.JUIlC 21 ..... ; .• "' ........ "' .......... , 	 .JIIly!;l. Supt. 12-001,. 13. lIJ.l1. 


I Died without molting. 
, :EII!l0rgcll .. 

http:1040-.lun.l0
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abund",nce in April and l\fn.y. This early activity was presumably 
bynymphs emerging from hibernation, as the reeords in table 13 indi
cate that the only larval molting during this period would be from 
larvae that engorged the preyious October, a month when very few • 
larvae were feeding. Large numbers of larvae engorged in April, 
May, and June 1940; table 13 shmys that these would be molting to 
nymphs in June or early in July. The abundance of nymphs rose 
through June and reached its peak about .Tuly 15, indicating that the 
majority of nymphs attach soon after molting. In 1940 the abund
ance of nymphs then declined steadily. probably owing to reduction 
in numbers through engol'gil~g and moltin~. In 1938 there was an in
crease in nymphal abundance ill September, following t1 peak of 
larval engorgement in ..A.ugust. In 1939 and 1941 nymphal abundance 
increased in August, presumably as a result of the increased larval 
engorgement in late June and .Tuly of these years. 

THE ADULT CYCLE 

Figure 17 shows the seasonal abundance of adults in the area about 
Gay Head during 1938, 11)39, 1940, 1!l41, and 1042 as determined by 
collec6ng with a drag. The rise amI fall for all years is fairly steady, 
·with the greatest abundance in .Tune, although in H)40 the numbers 
remained almost constant from the end of ~Iay until the end of July. 
There is no apparent correlation between the seasonal abundance of 
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FIGUBE 17.-Sensonal abundance of adults of DCl'lIwccntol' variabilis at 

Gay HenrI, Mnss. 
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nymphs and that or adults, as none of the fluctuations of the former 
are reflected in the latter. This seems to indicate that the adults are 
delayed longer in finding a host-a conclusion strenbrthened by their 
greater potential longeyity, almost :3 years compared with a little 
over 1 year for larvae fl.nd nymphs. 

From the typica11n'eeding records on molting of nymphs listed in 
table 14 it will be seen that there is no molting before .July from 
nymphs engorged the same season, and by this time the abundance 
of adults has already begun to decline. Nymphs that had engorged in 
September, howe,yer, sometimes pnssed the winter in the engorged 
condition and molted sufliciently eady in the following year to assist 
in forming the season's peak. As only a few nymphs engorge in Sep
tember it seems probable that the greatest number of nymphs molt; 
to adults in the same summer they engorge, but that only a few of 
these adults become llctive that snmmer, most of them not becoming 
active 11n61 the next spring. 

Bishopp and Smith (1.) reported that in experimental rearing 54 
percent of aU nymphs molted to females. ] n the 1!)38, H13D, and 19H 
collections the proportion of males to females agreed closely with this 
observation, 55 percent of the ticks taken in 1938, 53 per cent of those 

TABLE 14.-JJol/iIlU of ?lymphs (11111 IOl/flcril1l of (Jel1/U8 of Dermacentor ·v(lriabilis 
at rille!lllrrl Tlarell. J[088. 

Date nymphs dropped Date first J.ast adult died during period
adult mol!!,,, from

~. l[}.~S ,1.939
Sept. 21-__________ • _____ • ___ ....... _.... ' ]\fay 12-,June 1:1. .July l:l-August 12.1940. 

Oct. 2L_________________ ._._ •. ____ • ___ •• , ,.Iuly 20.. ]\fll~' 13-June II. 1940. 

~~~:: :t::::::::::::::·:~:=::: :::::::~:::::! ~::~ ~~(~ ~~::: :~~~;~~;;l.~;~~i94i.
Nov. 23 ___________ • ___ .•. _._ •• __ ••• _••... -.I.JIlIY 22.. Sept. 13-0d. 14. 1940. 
Dec. L ______ • _____ ...... ________ ......• _ Aug.14.. ! Sept. 13-Oct. 14. 1940. 

.July II-July 13, 1940. ;;;:' :;;;~~;~~:~:;;;~~~~;;:;~_:::;:~;~_.·~.l Aug. 2;::' 

~~g: ~~:::::::::::::::::::=::::::::~:: :./ Aug. i(l\
Mar. 11_••••.•• _. ___ ........... _._. .TIlI)· 10. .NO\:.-i2; -iii40:ia-n.- iii~i94i:-

Mar. 25._.. ....... _... .July Iii. Aug. 12-8cpt. 12. 1941. 

Apr. !)_.. .. ... ....... .July Ii .. Mllr. 13-Apr. 11. 1941.

Apr. 24 __ . _ Aug. 4.. Feb. 12-Mar. 13. 1941. 
May 7___ __ .Jllly 18.. ; XOY. 12, 19m-Jan. 16. 1941. 
May 23._. . Jul), 18... -: Sept. 12-OCI. 13. 1941. 
.June 4-5.. • .TIII~· 18... , ~I"r. Ii-Apr. 15. 1942 • 
. June 11___ .• .July 18_•.• ('1.Jllne 17___ ._ .July 22•••. O~t. 13-Xo\'. 17, J941.June 24____ . _. ... .Iuly 2i•. _ .Iun. 17-Fcb. Ii. 1942. 
June 28_......... '. .July 31... .. Feb. li-l\lar. 1(.1942.

• July 4___ ....... _ Allg. 3. __ .. 
 No\'. li-Dc,~. ]5, 1941..
July 14._._ ...... Aug. 12__ . s",\t. 12-0ct. 13. 1941. 
July 22__ ....... _ . Aug. 111.... . . Feh. Ii-lIIar. 17. 1942 . 

•July 29__ .• _.... Aug. 23__ ._ .•. No\·. Ii-Dec. 15. 1941. 
Aug. 5.......... , IAug. 30_ .Iune 12-July 16.1941.

Aug. 12 __ ._.. . Sept. 7_. " lIIar. Ii-Apr 15. 1942.
Aug. 24 __... _... ... • . Sept. 30._._.. __ . .Junc 12-July 16. 1941.
Sept. L....... . ... _. _j Oct. 11.__ _ 
 .Jun. 16-Feb. 12. l11n. 
Sept. 24._. __ .. _.... _. • •• -- ...... j 1140 
Sept. 28__ • ; .July 0C'I)' : July If>-Aug. 12. 1941. 
Oct. ]----.-- I 1-··------------------____ . 
Oct. 11__ ._. __ ...... ...July 28__ 1·.~,.(·~I~_I_~_:.~:~r_._~~~~9_._4~.
Oct. 14__----- •. --. . ('1 

Oct. 17____________ .. _. _J .July 22.. .__,.~_~r_._17_-~A_P~~~:~~9~12. 


I Died witnout molting.

, Alive at close of study. May 15, 1942. 
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taken in 1939, and 54 per cent of those taken in 1V41 being females, but 
it 1V40 females made up only 51 percent of the total number. Males 
pretlominated early in the season, until some time in ~ray, whereas 
females predominated thereafter. '. 

Adults collected late in the season were apparently of lower vitality 
than those collected early in the season, as a much larger proportion 
died under confinement in pill hoxes on moist sand than of those col
lected earlier. A greater proportion of the adults collected by drag
ging in May were still alive by the middle of ..August than of those 
collected only a few days previous to August 15, indicating that acti
vity in the fieldl'educed the tick's vitality much more than mere exist
ence in close confinement. and thut the longevities attained by ticks 
in the rearing tubes would probably not be attained by free ticks. 

A COMPLETE G ~ERATION FROM A SINGLE INFESTATION 

A third approach to thl' study of seasonal activity was carried out 
in the experimenta I "meadow" plot in the laboratory yard. The mead
ow was infested witll tick eggs, n.nc1 a monse was exposed in the run 
once each week for 1 to 3 clays, and then brought into the laboratory 
and held in an ellgol'ging cnge BO thilt the number of ticks that en
gorged and dropped CO\lld be l'ecorded. The engorged ticks were 
returned to the meadow. Figure IH shows the plan of the meadow, 
mouse nest and run, and sites where eggs, engorged larvae, and en
gorged nymphs were placed. By this method a complete and isolated 
tick generation was followed. :md accurate jnformntjon as to how 
soon each stage follows the next- was obtained. 

Two females which had completed lengorgement on. July 19, 1939,. 
were released in the meadow, to proyj( e the l:lte hatchmg that would 
occur in nature from females engorged in late summer (table 12) . 

• POINTS OF RELEASE OF ONE ENGORGED FEMALE, JULY 19, 1939 

OPOINTS OF RELEASE OF ONE EGG MASS, JUST HATCHING, AUG.3,1939 


x POINTS OF RELEASE OF ENGORGED LARVAE, AUG. 10, 1939, .AND 

LATER, AND OF ENGORGED NYMPHS, SEPT. 1,1939, AND LATER 

l\ X 

0 . . 
0 0 

MOUSE RUN 

X l\ 

, 


NEST 
 SCALE,0 I i 

0 5 10 
INCHES 

F'IG1.'m; lS.-Diagram of table "meadow." '. 
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To provide the hatching that would occur in nature from females 
engorged early in the senson. -i'01ll' egg masses thnt began to hatch 
July 29,. 5 days nfter the ctlrliest record for eggs from a female fed 
that sprll1g (table B). werl' plated on August a in the meadow 3 and 4: 
inches from the run. 'Within :24: hOl1rsfi'OIH that date a mouse had 
picked IIp 40 larvae, none over :J (lays old. Between August 4: and 7 
It mouse became infested ,Yith iiiHi lalTae. and between Augnst 17 and 
20 It mouse picked up 1.717 larvae. The I1rst engorged larvae were 
returned to the meadow August 7, and the first nymphs were picked 
up by It mouse between August :25 and 28, when 2:28 attached to 1 
individual. Olose inspection of the gL"HSS nnd mouse rl1n did not reveal 
at allY time any clumps of brYne, such as have been found in the 
case of the cattle tid\: or lone star tick. Few Ittrvae 01' nymphs were 
seen waiting for hosts in the pm;ition taken hy adults. but both stages 
were consistently obs<:'n'ed ern\\'ling ahout in ill! parts of the meadow. 
These tkkR readily grnsp<:'d a finW'I' when appmached, They were 
more 111111l<:'I'OUS along tlll' Jl1011~e nlll thall el;,:('",lIere. 

The in festaiion of larvae nnd nymphs pi('I\:<:'(111}) hy mice exposed in 
I:he "meadow" are gmphicrtll.\'IH·eselltNl in fignre Hlo It will b<:' noted 
that activity of both stages ton-espo1H1ed tlosel)' to that indicated for 
natural conditions by tmpping, <:'xeept thnt there was not the f:tintest 
suggestion of an increase of larml abundance in the fnll of 1940, as 
no engoq~ed females had be<:'n pl:I('<:'(] in the meadow that snmmer. 

In the discllssion ill the 'for<:'going png<:'s, based on a ("omparison of 
rearing and collection records. it \\'as concluded that the major fluc
tuations shown in the gl'llphs of larval and nymphal abundance were'Ie 

J. 
I \ 
I \. . 1 

.- ~"·I _\.. -_..---l 
·'i~,..'" 1 I 

' I \ 
\.'. \ I \

1 ~..,~. ,," ! 
15 30 15 30 15 30 15 30 15 30 15 30 15 30 15 

• AUG, SEPT. OCT MAY JUNE JULY AUG SEPT 

1939 1940 

:rABU~ 19.-Activity of larvae lind n~'ll1nhs of Denl!(lcClltor 'l:(lriabilis in 
the tuh!(' "1114;'11(10\\'." 
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due to variations in the actual numbers present, nnd not to variations 
in activity caused by estivation, nnravomble weather conditions, etc. 
Rearing under the controlled conditions of the table meadow offers 
still further confirmation. 

Larval activjty conformed exactly to the pattern predicted. Imme
diately after their hatching, jn ..A.ugnstu):3V: large numbers of larvae 
were found on mice in the meadow, cOl'responding to the late-summer 
peak in llatlll'e attributed to fresh hatching. Larvae were dormant 
in winter, and as soon as tempemture conditions became fltvol'llble in 
spring they once 1I10re became nctive in great numbers, COl'responding 
to the spring peak-in natlll'C attributed to hihernating 1:u'vae. ,Vith 
declining larval abundance in natm'c thmugh JUlie and July. at
tributed to exhaustion of the supply of larvae, there was It decline in
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tIle table; but when abundance again increased in nature late in the 
summer it did not increase in the table meadow, as no new engorged 
females had been added. 

Nymphal activity also conformed to the pattern predicted, as shown 
in figure 20: In this figure the broken line represents the expected 
larvnl molting, as calculated from the date on which the engorged 
larvae were returned to the meadow. the molting period for each lot 
being determined from out-door rearing records of engorged larvae 
dropped at the same time. The solid line represents the number of 
nymphs that attached to mice. It will be noted that fluctuations in 
nymphal attachments followed closely fluctuations in llll'val molting, 
confirming the assumption that the. 11ol<lo\"er of unfed nymphs was 
short, and low pointR in thl.' graph are due to absence of nymphs
I'ather than to inactivitv . 

.1:\.. study of the !tVerage daily temperature and humidity during the 
1940 senson of activity indicatl.'d /'Jwt the fluctuations of larvttl and 
nymphal activity do not correspond to variations in wetlther concli
tions. 

:Meadow mice were exposed in the "meadow," approximately at 
weekly intervals, from Mareh 2() to AnguRt :2.3, 1\)4:1. One nyrnph at
tached to the monse exposed April 21. There was no other nymphal
activity. 

The relationship hetween nymphal molting and adult activity is 
brought out in table 15. 

TAnr.E If).-Cal(lulatf?il molti1!{1 Of 1I1/1II/lhs (f1l(T. rolle('tioll,y Of '11l/mal'/a?(1- adults 
of Dermacelltor '/'ar;olii/i8 ill the toMe melll/o/(" rillf?/lfll"(l Ur,!'en, Jlt,,~s. 

Date of observation 	 Nymphs ,U~':t,~ft~ed 
mol ling r collected--- ~o.:o~~- .' 'I 
.Yumber 

Oct. 9. .•• i 401 o 

90 J.!
Ocl. 3L.;:~o'l 8. o

59 ' 
 2lIIay I •••. .. f 2

lIIay I:J .... ...... j , 

.July (L •. 
 i!}1,1
•July 12••.. ·r Apr. 1·1 • 	 O! 49•July 17.... 13 l' Apr. 15.• 	 307July In •.. 	 :II I! Apr. 20 ... 50..I 	 :::1
.July 23 .. 	 .': }\Iny [9 . - - ... 15~

July 28.. 	 0., I: .Julla 1:1 .. o o ~ I oAug. I •.•June :10 .... 
Allg. 12 <- ;:n 1,.July 12 .. 1 r oAug. 10 ••.. 	 1.2 

The dntes on which the Ylll'iousJots of nymphs would begin to molt 
were calculated from the dates on which they were returned to the 
meadow, the molting period for each lot being determined from out
door rearing records of engorged nymphs dropped at the same time. 
The active aclnlts wem collected from the grass, marked with enamel. 
and returned to the meadow. In table 15 collections of. n1lLrked adults. 
representing repeat collections of the same individlmls, are not in
cluded. It will be seen that two adults were taken in May 1D40, pre
sumably from the nymphs dropped the previolls 'fall and due to molt 
jn October 1939. There should 11a ve been It peak of llymphal molting 
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about July 12, 194.0, and 201 adults were taken between July 17 and 

August 12. The next peak of nymphal molting sho~lld hn:ve been 

,A..ugust 20 to 28, but only 28 ndults were ttlken between .August 19 and ' 

September 20, indicating that these adults would not become active (.•. 

until 19-11. All but one nymph should luwe molted by September :23, 

1940. Between April 14 and :May 19, 19±1, 430 adults were blken, all 

evidently having been hibernating in that stnge . .Also, 36 adults that. 

had been marked in July llnd August 19>:1:0 wei'e taken again in Apt"il 

and :May 194:1. K0 unmarked adults were found after nItty 19±1, and 

no marked adults after June 19±!. 


Because the table "'as henyily scented by nwudow mice, and larrae 
and nymphs were observed to congregate all the wire mouse run and 
nest, and because hosts for hlr\'ae and nymphs were present at fre
quent intervals, ticks in these stages should h:1 ve had little incentive 
to attempt to escape :f'rom the table, and few were found in the sur
rounding moat. Therefore, tlwir persistence in the taule should repre
sent conditions in nnture in the presence of abllndant hosts. On the 
contrary, 110 hosts for ndnlts W('I.'e present, and the tnule was yery 
lightly scented by hosts for adults, whel.'eas in the surrounding terri 
tory dogs had free run so that the adults had n, strong incentive to 
attempt to escllpe from the table. and oyer 400 were found in the sur
rounding moat. Therefore, while the I1nding or unmarked (ne\\'ly 
active) adults in the table should represent conditions in nature, 
marked adults "'ouhl probably haye persisted in numbers throughout 
the 1\),1,1 season under lln.tnrn.l conditions, aR was the case with ticks 
marked in April and ~In.y at Gny Head, to be discussed in the 11ext 
section, instead of being trapped in the moat while trying to escape. (. 

To snmmarize, it may be stated that females dropping neM' the 
beginning and close of the season of 1D39 produced an infestation of 
active larvae from August 3, 1030, to July :28, 10·10, an infestation of 
active nymphs from August 25, 193!), to .t\..pril 21, 19±1, and all infesta
tion of active adults iromMay 1, 19,1,0, to September 1941. 

MOVEl\<IENTS OF TICKS 

PERSISTENCE OF UNFED, MARKED .ADIJLTS UNDER NATURAL CONDITIONS 

Althongh it wns known that unfed adult ticks could live for almost 
3 yea,rs under experimental conditions, it was not certain how long 
they would remain active in lHllure. An investigation of this question 
was begun ill 11)39, utilizing the weekly dragging collections at Gay 
Head. Dragging was carried out along ·12 definite 1-minute courses, 
laid out along (L highway and across adjacent fields. A map of these 
courses, or blocks, is shown in figlll'e 21. The collection from each 
block was kept separate, and all ticks ,,'ere taken to the JaboratOl'Y, 
marked with enamel, and lett hl illc1h'idnnJ pill boxes for the enamel 
to dry. The following dny they were l'ele:lsed in the center of the 
same 'block in which they had been captured. Each tick was marked 
with It spot of colored enamel 011 the oack the first time it WaS cap
tured in each month, using a dilfercllt color for each montll. Thus a 
tick captured the first week in nIay would ~et a spot of blue, b~lt "'ould '. 
not {Yet another spot until June. when orange would be used, even 
though it might be taken each intervening week. In this manner 
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it was possible to ten how many ticks were captured month after 
month, and what proportion disappeared. This method of mark

"'_, ing was suggested by the work of Philip (113) on the Rocky Mountain 
,,' spotted fever tick (Dm'macentor ande1'80ni Stiles). 
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Wi 830 .u 
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FlOUUE ::!1.-:UigJ;ntion of adults of DC1'1IJacellfor 1:uri(lllilis as determined by 
captlll~e, marldng, rcleasc, und recapture at Gay Head, )Iass. Each black line 
indieutes the eXRct coun;e of one drag. Rows of letters indicnte rlllu:king glven 
to ticks cQllecte~1 in the respeetive qrag courses. X indicates pOint of release 
of all tieks captm:etl unll lI1arked in the dmg courSe. Figures Ilreceded by 
letters indi<::tte. the uUllIhm· of marked ticks "ecnptlll:e{l in the ,:espectlve drag 
COllrlles originating in the drag course marked by those letter!). Fihrures not 
l)l'ecedeU hy letters indiente [he IllIl11her of Ilnm:u:ked ticks oJ;iginally captured. 
marked, Ilnd reiensed in the rellpective dl'Ug COUI·ses. 

Thnt the marking did not injure the ticks is shown by the fact that, 
of ,2 lots of 20 ticks each, collected at the same time and kept together 
in .the outdoor breeding cage, the lot that had been marked outlived 
the 1111ll1m:ked lot, Ih'ing from.June 11)40 to AUf-rust 1941. 

The totul Imml>e.r of individmLl ticks marked ill 1939 'Was 6,348, but, 
us many of these were captured again and again, the totalilUmber col
lected rose to H,cH9. 

The weekly coUect.ions made in the area. are summal"iz.ed in table 16. 
The numbers of males fm(l females bearing the different cQlorcom
binations indic!lting the month of fh-st. cnptme are. shown. Of the 
:.lOO ticks marked h, April, :333 were recaptured at least once, 292 were 

http:summal"iz.ed
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TABLE 16.~Pcrsisteltc·e of 'm(lrkcd adults of Dermacentor 1:ariabilis as indica,tcd by draggingcollcctions at Gay Head, Mas.~., 1989 

H 
Number of ticks collected bearing markIngs showing they had bcen pre\ionsly captured in the months specified l"! 

Unmarked 
ticks 

captured ------·-'--1 April April \ April April . May }!~~ IJune June July ~ 
~te April 1 April I .\pril April Ma\' May June May May May May June July June June Aug· July July Aug- Aug- Total a 

May June July June Jul)' July June June July July Au.- July ust Aug- ust ust :; 

-!l--'--~-I-!l-I-l--!l--~-!-!'l-'l'II~li-f-!l--i--!l-i-!'lI-il:"~ --!'l-~--!'l-i--!l-i-!'l-i !lu~ !'l ~ li i -!l-~-!lusi-!'l-~--Il-i-!'li !'l i i 
01 !3 J! Q J! !3 J! " J! '" ~ " ~ !l ~ ,,:.nl ::!l §::!l !3::!l '" ::!l '" ::!l!§ ~ !l::!l!l::!l!l::!l" ~ !l:3,,::!l '" J! '" ... ~ ~ ~ I ~ ~ ;s.. ~ ~ ~ ~ ~ ~ ~ ~ ,.. ~ oO!': ~ ,..,..., ~ ~ ~ ~ t&..,....:. ~ ~,~.~ ;;.. ~:-...e:. ~ ~ t&.., ~ t:.. ~ t&.., ~ riot.c; "'" ~ 

i~: ~~'MJ --5:"~:::-·; __';:::--. :==;;I~~.~ "::---";;;;;~-'--- .::::.-:;;;; ;;;; ~~ -:i ~ 
Apr. 2i 166 113 12, ~. ~ _".• _ .._ ...__..... __ .._ .___...." _.•_ .._ .._ •.lw ••- ___• _ ..__" ___ •___._____• _______ ••_.___ ._ 178 116 5-' 
May 5 188 156 61 3, ._. ....... _ ... _._ .___ ........ _. ....._ - ••. T" " ......._ ./_ ...." .._,_..•_ .... _ .... _ ..__",.. " _._ ... _ ..., ___" .... _ _ __ 249 193 
May 11 338 392 39 31 2i\ 16 ..............j ....................... t •••• t ••• 5548 ........ _._ ........._ .... _ ...___ ...__ ..._ .•_. ____ 459 487 d 
Ma)' 18 214 218 21' 61 2n, 17;. ........ .. .......-,..... '1 .I,,! . 161 1481'" .,...... ...... ., I '1 ..__ .-- "'" ._1........._.... "._ ,,__.... __ 425 389 . 
May 25 280 308 151 6' '30 20: "... • .... , ."...,"._,,,. 1,,1··... 194156 .•..j......l._.... '1 " ·f ! ...... ,-....I··.. _I'''' .... - ~ - ,_ - .... - 619 620 ~ 
June 2 2i5 353 28 ' 30 42 21; _ .... ....._ ...._ ...j ........ ,. ! ' 1 263\246 • . . ,.""' .. _ .., .. " -- ...... - ,"" _ _ ... ... ...... 608 650 .1:'
j... "1-- "I'" ....' ·1 
June 12 299 3Si 3 3 12 S 5 2..... 16 11 .. ' '. I 161 133 158 116 .... ,,' I!, 114 124.. ................. "" _ ..,.........." _ 768 784 t=.i 
June 19 291 338 6 6 9 r. 3, 2 . 23. II' ; , 75 i2 .2OO 172 ,,'. ' , '218 268 ................_ ... _ ... !. _'" .. "" _ 825 875 ,., 

l 
315 1 4 8 I 7 3 .. 20 if ..: 43 1 1 I .' 318 33i.. •• ", . _ .... .r " "" __. 852 8i2June 26 254 6 5819614i,,, 1-3

1July 5 169 Iii 21 2 1 2' 3 2 . '17 Sf ' I 231291'14911231_1'..... .f.... 305 31i _,,_ ... ""j'___ ,,'_ .......__ 669 660 • 
July 11 i4 SO 11 0 F 2 3 2.0 0i 3' I 0 0 I (, 1'0 15.1319111 34'1413'.,.f 56 66 3i 33 _ ....._ .. 2J 32 ........._ 250 257 0 
July Ii 112 141 2 0 01 0 n· 0 0 I I' 0t 0 I' 1I I I: 1 II 6 \41 13 i i 15 14' '.; 36 68 3i 44 .. __ . 30 45 .. ... ........ 267 342 ':J 
July 24 Hi. ISS I 0 01 II 31 I 0 0,' I 0' I 0 2, I II 16' 101 161 6 i,l4 II: '1" 31 68 48 58 ...._ . 72 99 .. _ .... 346 45i • 
July 31 79: 82 01 It......' ....., 01 1. 0 01 J 0 21 fi I Ii 0, 3. il 6 5 5! 6'11: .,....j II 1 24 39 48,.. .!.. 92 9J "'" .... 242 283 ;::;
Aug. 7 23; 291"-' ......j ...... " .... iii 0, .1 1101 1, I, I 1 If 5' 5: il...... 51 51 S 27............ 48 5S._ .... _ ".. 94 133 ::: 
Aug. 16 II!' S ......j.._..l...,........ ·1 ',' ·1 j I ., ........ .'.. .'... 

8' 

III I 11 0 I' Ot 2 I 61 I I 0 1 8 15 310 3 2 29 48 :: 
Aug. 21 2 11 ............ "'," ., ... i I I :.:.'.' ' .. I" .:.......I0 I, I, I, 0 r 0 I 0 I .... 0 4 1 6 I 10 3 5 8 41 g

Aug. 28 2, 4"............. .... .. I' ... I ., .~'; .. ' .. ", I" , " ..... ... .. .' , • , 0 I 1 0 4 5 1 4 S 14
I t'" 
Sept. 6 ~l 0... .. .. .. .. .. . j' .,. Ii' 

• 

I ., : .' .1. " ...'.' l:· .. • ... ·j .'" ' . ..... . ....._ I 0 ".. 1 0 ~ 
Sept. IJ "/ ] ... ·f-.... .. . . .. ·1····..· I..... I I ,. /. 'j" • 1·1..... •.. I.... . .. ._.- --- .- '- -"I'· - 2 c::. . • ,. J .. . 1
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recaptured at least twice, 120 were recapt.ured at lenst three times, 
ILnd 8 were recltptured Itt least 4: times; (;7 wem tnken agltin ns late us 
.Tuly and ~ in August. Olle individmtl, It BIILle, was recltptured at least 
once each month frOIll .April to Angust. Ticks mal'ked for the first 
time in .April persisted until August 7; ticks marked for the first time 
in May persisted until .August :H. Ticks mllrked for the first time in 
.June persisted until August 28, Ilnd ticks I11tlrked for the first time 
in .ruly persistecluntil l;eptember 6. 

In 1V4:0 the work was repeated 'following the sllme methods, except 
that collections were made hi weekly and that only one spot of color 
wus placed on IUlY one tick, l'epresenting the first month in which it 
was taken. Although 2,4:61 indiyidllltl ticks were collected, mtlrked, 
and released, only \)34: captures of l11!trked ticks were made, whereas 
ill the pr"}violls year 6,34:8 indh'ichml ticks were mltrked Ilnd 7,701 re
captures were made. Pltrt of the difrerence in the pl"Oportion of recap
ture mny be due to the fact that collections were made each week III 

IHa9 and eyery othm' week i))1I)40, in cOllsequence of which a tick re
maining in olle !trea WOIL ld lIa ve been counted twice as often in 1939. 
Even if the munber of l'ecaptul'cS in 1H40 were doubled they would 
stilll'epl'eseni It slllllller pal't of the original nllmbCl' than in 1039. On 
the other lmnd, in Ul-10, licks nmd,:ecl in ApriL May, and J'une per
sisted in the 11I'eil until September, ",!lel'ells tll(' pl'cyivus yi~llI' they 
had disappeared ill AUg"llSt. III other rcspects, persistence was similar 
to that in 1931). 

Only 15 of the 0,:348 ticks mal'ked in 1939, or 0.24 percent, were re
('overed in l!HO. None of the 5,0()() ticks marked first in April, Muy, or 
,June were recoycred; 14 of the 1,~49 ticks mlll'keel first in ,July, 01' 1.12'(,. percent, were recovel'd; and 1. of the, 1);3 mlLl'kec1 first in August and 
September, OL'1.0S pel'cent, was rec()n~rec1. Kone of these 15 ticks from 
193!) were collected mOl'e than once in 10-10. ApPltl'ent1y, notwithstand
ing their great potentiltl ]ongeyity. YeI')' few adults are Ilcti ve for more 
than 1 season uncleI' normal conditions. 

In 11)41 the stuely was repeatec1t'oL' the third year with collections 
made biweekly liS in 1!14:0. The. Pl'opol'tion of marked ticks l'ecnptured 
(4:7.0 pel'cent) was gl'eater than in 11)40 (37.9 peJ'cent) but less than 
in 1939 (121.:1 percent), when collections "'em made cvery week. In 
1941 no mllrked ticks were fonnd in the area after August 25, whereas 
in 194:0 marked ticks ,,'erc taken liS late as September 17, and in 1939 
as lute as SeptembeJ' 0. In other respects presistence was much the 
SlLme as in previous years. 

The proportion of marked ticks that survived the winter of 1V40-4:1 
was lloticet\bly greater than hl the pl'e.yious year. FOlll'teen of the 
2,401 ticks marked in 1940~ 01' 0.57 percent, were recovered in 1941, 
'whereas only 0.24 percent or- those of 1939 were recovered in 1940. 
1\11en this is considered in connection with the fact that persistence of 
marked ticks in the lu'ell was 3 times ns grent during the active senson 
of 1939 us in the active sen son of 1940, the difference in overwinter 
survivlLl appears even more significnnt. .,t,\Jso, no ticks mnrked before 
.Tuly 1939 survived the winter, whereas 1 tick marked in June 1940 
and one marked in April 01' :May 194:0 were recovered the :following 
year. However, the survival of ticks ll1111'ked in July was pl'llctiCltlly 
the sam,e for both yellrs, 14: of 1.249 (1.12 percent) surviving from 



1939 to 19:1:0 and 8 of' 7:28 (1.10 percent) sllL'\'i ving from 1940 to 1941. 
Some of the difference wus caused by sl whtIy crl'cater Sllrvivltl of ticks 
marked [h'st in AUl!ust 01' Bel)tcmbel', 1 ~[I);3 FLus j,)ercent) surviving 
iroHl 1939 to 1940~tlnd 4 of :27G (1.·15 pm'cent) sUlTh'ing from 1940 
to 194:1. 

The real explanation fol' the gTeatel' Pttl't of the di fference, how
ever, is to be found in thefllct that the adult pOIHtlatioll during It 

season actually consists of two distinct gr'()llp~, Yi;l,~ adults that molted 
the preyious fall but did not then become :lc,ti \'l~. ILnd adults that 
molted during the CtlI'I'ent season and immeditttel \' became active. 
The former gronp will include 1L1I ticks first t.ll1countered and 
marked in ,April, l\Iny, and June, and some of those mlLrked later i 
the lllttel' gl'onp will make lip part 01' the tiek:; first mlu'ked in 
July, Augnst, Itnd Beptemb('l'. 'l'hel'e is extJ'elllPly litUe winter sur
vivn.l (If the :forl11el' gr'Ollp~ as shown by the fact that none of 5,006 
ticks sUl'YiYed 'from IH:3\) to I!)·btl and only ~~ 01' 1..1;">7 sllrdved fr0111 
194:0 to 19+1. I::iincp pr'Il('!ica.l:ly all winter slllTiml OCCllrs in th~ 
group molting and beeomin~ uef'iYe the 8aHW senson, ttnd since all 
ticks of this group are lil'st llmrked in .rlllv~ AlI~U~!, and September, 
the ratio of ticks mu.rkecl dUI'illg I his pPI'(od to I hosp IUlu'lweI eltrlier 
will he in dired correIa! ion with till' PI'opol'tion or the total ticks 
actin ill one S(,llson which sun'i"e to tllp IlPXt. JIl lVaD this ratio was 
1 to 4 tUld sUl'vi Vttl was 0.:2·1: pel'cent; ill l\),W tim ratio was 1 to 1.4
and SUJ'\'iYtll was 0.57 pel'cent. 

MIGRATION AND ROADSIDE CONCENTRATION OF ADULTS 

It has often bePII (1)SPITPd fhtlt tieks a,I'p most nllIlH'I'OUS aJong 
the sides of l'ottds and pal Its. and in most loca,lit.ies on :Martha's 
Yine,)':trcl this is the Case. ,ylt,\' snch n conc"ntl'lltioll along roads and 
paths should 0(,(,1\1' hnfl lIP\'PI' bepl1 detel'mill('d, but two explanations 
suggest themsel\'('s. Tilt' simplest explanation \\'ould be that adult 
ticks from tltp a<ljll('enl I;plds had moved lip 10 the points of eOI1

centra! ion and 1'(!J)llIin£'(1 tlwl'e, either bel~alls(, the seent of dogs and 
persons was 1110l'C ('oneentl'llted or because the bare ground formed 
a b!1J'rier. 

Another.' explnllfiol1 would be that dogs, the pl'ineipal hosts of 
adult 'female?, fll!l'nd 111(,11'(\ I inl(' at l'oncl~idps Uml1 ldong tU1y single 
compamble 1l1\e I.n the helds. and ('onsequently dl'op more engorged 
fenmlps tllel'e. '1'1l('l'e would hI' 11101'(' eg~s alld 1lI0l'e Jal'vae tdong 
roadsides, 1)J'()(hl('il1~ 11101'(, tl.\·mphs Itnd 1l10l'C adults in that 10cn.tiOll. 
This \Yould ",olik out only if lI('ithel' tlIP ticks nOl' the mice serving 
as their hosts J)lOyed wry 1'111', in which case mice Ileal' the road 
should lw most Ilea "i h' in t'l'sted. 

This theon'was test:C'<l in t\\'o ILl'eaS ",hel'e adults were conOOll
trnted alon~ i'otldsic1es. In ol1e llrea it was found that mice captured 
at the yel'Y edge oil tlw lioad wel'(' thl:ec times as heayily infested 
as those captured] ()O fp(·!, Im('k, llnd eight times as llcayily infested 
as those 2()O fpet hade, the H\lIllbel's of' mice being the same alonO' all 
three lines. ']'h1s, of COlll.'SP, supports the second theory. In :l11~her 
ILrea there were 'far 1'('wel' mit'(\. at till! e<1g(' of the road, and these 
few were less IH'H\'il,r illf'e:;ted than those in the center of the fields. 
One 01' two oxen hnd been pnslul'('(l in tlles(' fields, which might 
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account :fQr this dUference in distribution of immature ticks, as only 
dogs were nd\Ilt hosts in the Jirst {1,rea. As ndults were concentrated 
on the rondsides in both areas, the ticks in the fields were lll!1,rked, 
to detet'mine whether they migrated to the rondo l'his wus done in 
connection with the marking plltn described in the preceding section. 

III uddition to the dors!Ll l\lILrk representing the Jl1onth, each tick 
WitS nULI'ked on It certtLin leg with the appropl'iate monthly color the 
fil'sttime it wus captured, to indicltte the group of blocks in which 
it WitS tnken. The ditferent letters on the map in figure 21 indicate 
tIle different leg markings. Most roadside blocks were giyen the 
sallle mark, one set being different, however, so that it could be 
determinecl whether a pllYed highway would constitute :L barrier to 
tick movement. Blocks bl~ck in the fields were gi ven di tI:erent marks 
so tlutt the direction nud extent of tick migration 1'rom them could 
be cletCl:mined. No 11eW leg tn!wk wuS given unless It tick was CItP
tured in It 11ew block, when the mlll'k of that block wus added to the 
Jirst. ,As leg 111ltrks cOI'l'espol1decl to month 111I1,l'ks in colm'. when a 
tick Itppelu'ed in. It thin} block itsorigillnl sonrce could be detm·minecl. 
Thus some ticks were first taken and nHu'keclin the bloeks indicated 
by J\ latel.' .i11 those indicated by G, Ilnd Hnlell,Y in tllOse indicated 
by B. In both G and 13 blocks they would be l'ecol'ded as OI'iginuting 
in P, these repeat collections being indicated OIl the map by tigures 
preceded by the letter cOl'responding to the point of origin. 

It will be noted in figure :21 that there '\'as some JIlo\'ement in all 
directions, but that the tendency wns to 1110\,e up to the roads. Par
ticularly wus it so in the Cilse of ticks released ba('k fl'Om the l'oads. 
1\. iair l)ercentllge of these mo\'ed up to the road 400 feet distnut, 
but none from the rOild mo\'ed bad\: that -far into the 11e1d. The rond 
was not It barrier, as ticks ('rossed it readily, but afb:~l' crossing they 
l'emillned nelLl' the roadside instead of contlIHli.ng OIl into the field . 
.Moyement hnd no relation to the points of the compass, and the 
11l11jol'ity of the ticks stayed neal' the point of origiult1 capture. 

Tarsal marking for migration studies was l'epe~lted in 11')40 and 
19:11. In 11HQ 55 ticks were fonllcl at drag sites where they hnd not 
been J:e1eused, representing 5.9 percent of the total number of recap
tures and 2.2 l)l'eCent of the number of ticks originally marked. In 
1941, 120 migrttnts were collected, representing 7.4 percent of the 
,number of l'eGt1,pturcs nu<13.i) percent of the number originally 
marked. In 1939, 274 migrants were collected, representing oilly 3.6 
l)ercent of the ll\ur;beL' of recaptures, but 4.3 percent of the number 
originally mllrked. In other respects migl'tltion agreed with that 
observed in 1939, with some movement ill an clirections, n l11Rrked 
tendency to moye up to the roadside and l'emtlin there, and consider
able movement from OIle side of the rOlld to the other. 

From theseobservntiolls it is evident that, hl this area at least, 
xoadside concentrations of ticks nre due to movements of ticks from 
the adjacent .fields to the roads, whet'e they remain. Thnt the roads 
do ]IOt constitute nn importnutbarrier is evidenced by the fact that 
It grenter proportion were recovered across the rond than back from 
the .rOlld. Therefore it seems Ilppltrent thut the ticks find the road
sides Ilttl'alitive,probably from theconcentrntec1 scent of their llOsts, 
possibly from the grenter reflected heat of the blll'e flul'fnce. 

http:lIHli.ng
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.A lew tests conducted in an al'en, lightly in~l'ested with ticks indi· 
<lILted that adults were nttracted by the seent of nmn and dogs l'ather 
thun by Wlll'tnth, Thirty-se\'en I ieks \Yem taken from sbLkes and 
towels 'lmndled by persolls, l'ubbed against dogs, Or spl'Ilyecl with ie , 
dog urine, while none \YCI'C :J:ouud 011 ullscen,ted sbdms 01.' towel~, 
On the other hand, unheaLed CltI1S exp()f;e(\ III the tttble meadow 
attl',1.cted ns many ticks ItS callS heated by light bulbs, 

Tarsal mn,rkings 'were employed ill studying the migmtioll of ticks 
in all area beside a pond to detl~I'm.ille wheLher thel'e wus a tendency 
to move toward wet places during the hot, dry \\'eathel' o:J: mid
summer, To supplement the ticks collected ill the ILI'ea, ~9H 
labol'lLlol'Y-l'eltl'ed ticks were distillcl'iYely 1111Ll'ke<1 and l'Edeased, Dul'
ing the sellsoll, tno ticks were collected in this [wea, marked and I'e
lellsed~ and 9G l'eeaptul'es oJ mlLl'ked l'icks 'wel'e made, of which 25 
were mlgmnts, There was no tenden!.'y to lllO\'e towIlrd Uie ponel. 

HOSTS 

The dog is the pl'(I'/'el'1'(I<1 host of the adult licks, although they 
el1gol'ge readily on mu ny othel' lu,l'ge mamlllH hi, The In I'\'ue alld 
nymphs, on the ('on/I'IlI',Y, l'ngol'ge on meadow mice !LI1cl other sJUall 
I11luHlrmls, pri nei pully \'oclents, 

The I'l'('()]'(ls in the 1l('('essiol1 entalog of the »iyision of Jnsects 
A1r(·eting Alan and Animals, Hlu'elw 01' J~Jltolllology and Plant 
Qllamntil1l', include eollectioJls 01' ndnlli; fl'Ol1l the following hosts: 
Dog, mun, ('(lU Ie, <'0,\'0(', OPOSSlllII, hog, hOl'se, rac('oon,wildcat, 
sqllh'I'el~ shepp, Laclgm', wolf, skunk, deel', fox, cat, peccal'y, weasel, 
ass, leopurd cat, lI10untain lion, ,Mpxica,\1 lion, mule, mbbit, and 
Ne)l'IYay I'llt. Cool(l,Y (.J) lists tlle following addilionalltosts: ·'J<.:land:' 
gJ'ound sqlli!'I'pl, woociellltt'k, and ('iwt caL 

The Bl1l'eau's ne'cession ('Iltaloglisls ('ollpeliollf; of the illlll'latlll'p 
stnges fl'Om I he 'following hosb;: J..u1'\'Ilt' and nymphs :1'1'0111 whil'e
'footed mOllS!', JrHmdow .Illouse. pint' mouse, junIj)ing mouse (Zapu,'( 
sp,), ('ol:lontnil l'Hubit, swnmp rabbi!", ll1ushal, ('ottOJl m!, Sonyay 
mt, squ il'l'el , ('at, and :.;h()I'IAn.iled shl'ew; hlJ'\'ae alone :I'I'om .iack 
mbbit, llOtlSe mouse, and mole; nymphs alone :holll wood rat, sheep~
eattle, and dog, . 

HOST RELATIONSILIPS OF LAUVAE ANI) NYMPHS 

In the I'(>gioll whel'e Ihis shldy WHf; ('ollllllded, Martha's Vineyard, 
Nantu('ket, alld the .l~li:.mll('l h Islands. Mass" Illost of the hosts 
I'c\>ol'l ed '1'01' hll'\'!lt' and n,"llJ phs n!'l' nbulI<iant. nfronliug all OppOI'
tnnity :1'01' It cOlJlpn,dson of! Iheir I'(l\ali\'l' impol'tallce. As fat' as 
possible, all hosts wt'l'c captul'ed Illi\'t', and the ticks on them were 
pl\l'mitt:ecl to ('ol11pletc (l11gol'gl'nwllt and tll'OP, In eyery (!ase the 
ticks, aftel' attachment, sati!-;fltetol'il,v ('omplet:cd engorgement, even 
on relntiycly 1111 fnyombll' hosts, 

:Mcllclowill iee (111if'1:0tllN 1)('l1lls,1ill'al1ifU8 PCll118,lJZvanicu8 (Orc1,)) 
were by ftll' tIl(' most 11111)()I'tant hosts :/!OI' both hU'Yac andll,Ymphs; 
:i\Iicc WeI'(l enpllll'NI ali\'(' in IJox-(ype tI'll.PS lmil"ed with a mixture of 
ILPP]C, oatmcal, and ]H'll.lIul \)]]11('.1', This hait was al:tradive to a.ll 
speeics of mice, ~.. ild Ilnd (\Oll1l'sli(', alld young l'ats nnd sln'ews were . ,"e 
aJso bLken occllslonally, 
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Fl'om July 1937 to January 1942 n, total of 3,077 meadow mice 

11ud 842 white-footed mice (Pe7'07nysCttS Ze?t.cop~tS ssp.) were cap
t.ured and examined. In the following discussion only the live mice 
Itnd the infestll,tions on them will be considered. 'l'he 2,763 live 
meadow mice "'ere infested with 8,600 lIu'VIle and 5,015 nymphs, 
while the SB5 live white-footed mice were infested with 1.543 larvae 
and 258 nymphs. ' 

The J'dntive impOl'ttLl1Ce of the two species of mice in each of the 
five most heayily inJested ILreaS is illdiCILted in table 17. 

T,\Br.~l .17.-0011fl(!fion.~ Of DC1"IIWc'('nlol' 'l"II1'i(l/Jili,~ all mice ·in -I hcarilll infested 
(1,1'('((8 on .ll(ll'l1w',~ l'ill.l'JlCll'cZ iN/tWcZ allil ,1 Oil thc Rli~(/llCth I,~la/l(l,~, MfLS,~. 

. r_~':(':~~~:OIl:~:OJl~c~:~~~_._~--~~~~litc.roO~(~~llOIlAe c~~[jonA _ 

Loculif.y and 
yeurM of collcclion~ ll\lir(.I,~:~~~.- i\[j",,_~c_NYlllphs Nymphs 

I " , , I'1'Olllll ',\".'er. Totul IA"ur-~ Totul IA,·cr·~_ 'rotnl Avcr· ~ 

------_. .... 
i 

. .--..... .. ", '. - ", .. ,-,..-, ., --,-.----', 

;,"11"'- Num- i{llm- iVuIIl-- lYUnt- Num- J.Y,un.- J\'!'um- J.Yu,m- ·l'tu.m
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

WC6t Cho», 1037, 1038,1040, II)U ___ •• _______ •• 253 ·J!)O 1.0 ·WU 2,0 1;;7 153 1.0 10 0.1Edl(urtowa, 11)37, lU38,
1940,1041._.".____ .... 3(10 IS7 

l 
~;; 123 .3 lln 01 .5 13 .1Squibllockct. lIIai. JUaS,

10,10, IOU __ , ........... 51;j 773 1. Ii ·11,( .8 1.11 4:l .3 .! .03Guy Ht1lUl i !!l3i, 1\)38,11)40, l!l41. ______ •• _._ .. 4·16 1,38·l I 3.1 ·1Il2 1.1 213 050 3.0 8.5 .4'rho Blizuboth Islands, 10.11. an7 3,n78 108 ,non 5.4 tH u20 8.3 144 2.3 

'I'otul or ""orago•• - •• --I i':iM710,'812T" ii·~513 ,5271-1:8-, GU 1 1,4311 2, I 25G .4 
-----.---------~... .. .. ',. "-, ',- ,~------

The collect.ions :fol' 1930 a.re not included because during that 
senson pemmt butter 'was omitted from the bait, which was conse
quently mllch less attTl1.ctiYe to white-:l:ooted mice than to meadow 
mice. The number 0:1: meadow mice exceeded the number of white
footed mice hl eyel'y area, and consequent.ly the number or laryae 
and nymphs collected Jr011l them exceeded the number collected from 
white-footed mice in each locality, but the difference between the two 
species in the :tvemge number of ticks for each mouse was llOt pro
nounced, PfLl'ticulltl'ly .in the case or the larvae. :Mel1.dow mice were 
five times as heavily infested as 'white-footed mice Itt Squibnocket, 
but at Edgm{owll the two species showed identica,l Iwern.ge infesta
tions. J11 the case oi: llymphs the n yel'ltge infestation of meadow mice 
WitS always greater, l'angillg from about; byice as great on the Eliza,
beth Islands to 2G times as great !tt Squibnoclret. The greater abun
dance of meadow lllicc an<l their heavier avemge infestation combine 
to make them the mosi: imp0l'bmt hosts :£01' larvae and nymphs. 

The llelwiest natural inrestatiollsof single mice of both species 
with each stage were observed in t.he collections from the Elizabeth 
lslands. One meadow monse 'was infested with 303 larvae and 30 
nymphs, anf)tl1er with 48 llu'vae Itllcl (ilnympl1s. One "white-footed 
mouse wus infested with fi3 larvae Ilnd 1 nymph, a.nother with 37 
larvae and 12 11ymJ)11s. 

Pine mice (Pitym:1J8 Sl).), known to be good hosts ;f01' the imnlltture 
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stages, do not occur in this region. Jumping mice (Zapu8 hud8oniu8 
ssp.) are rare, only three having been captured, and these miinfested. 
House mice (illU8 1nu8oulu8 11L'll80'ul1t8 L.) are seldom found.in tick 
habitats, and these [u'e very lightly infested 'or uninfested. 

Cottontail rabbits (.SylviZagtt8 floddanu8 sspp.) are of some i111
porta:pce in these localities. as hosts for larvae and nymphs, although 
apparently less so than in some other regions. Rabbits were cap
tured in the same area as the mice, 77 being taken during the 
se~son of tick activity, of which 55 were uninfested and 22 infested 
with 101 larvae, 19 nymphs, and 1 male. This gives an twerage 
infestation of 1.3 larvae and 0.2 nymph per rabbit, making the rab
bits slightly inferior to white-footed mice as hosts. As many as 26 
larvae were found on a single l'abbit, anel as many as (j nymphs Oil 

another. 
Of three black-tailed jack l~abbits (Lepus oalifomious ssp.) col

lected on Nantucket, 2 were ullinfested and 1 was infested with 3 
larvae. Of 37 Norway rats (Batt-u8 nOT'IJegiml8 (Erx.» captured 
in infested areas during the seasOIl of tick activity, 27 were unin
fested, and 10 were infested with 24larvtl,e, 22 nymphs, and 2 males. 

Occasionally' muskrats (Ondatra zibethioa zibethioa ;L.» occur 
in tick habib1ts. In one such locality 5 muskrats were captured dur
ing t11eseason of tick activity. '1'wo were infested with 38 In.rvae and 
2 I!ymphs. 

Squirrels (Soiurus oa1'olinensi8 ssp.) "were rarely encountered in 
tick habitats, and of the five that were captured only one wa,s 
infested, ctu:rying a single larva. 

Short-taileel shrews (Blm-ina b1'evioauda aloga Bangs) were fre
quently captured, one being infested with two larvae. Long-tailed • 
shrews (Sm'ew oine1'eU8 ssp.) were encountered less often, and were not 
infested. On six occasions 11 single nymph, fully engorged, was taken 
from a dog, and a single nymph was found on a cat on two occasions, 
and a third cat repeatedly became infested with larvae. 

HOST RELATIOl'{SHI~S OF ADULTS 

In the regions of these studies almost the sole host of adults is the 

dog. The wild animals which would be satisfactory hosts are not 

present. Domestic animals such as horses and cattle are occasionally 

infested if they are allowed to graze in brushy pastures where mice 

can exist. Sheep are also attacked under snch comlitions, but most 

of the ticks which attach to sheep are killed by the wool grease, 

although occasionally females attached in the short Im]r of the face 

became engorged. Three deer shot in a locality where ticks were 

active were uninfested, and circumstl1ntinl evidence indicates that 

they are not important hosts. Very infrequently adults are found on 

l'I1bbits and l'I1ts, and squirrels m[~y sometimes serve as hosts. Cat.s in 

good health are rarely satisfactory hosts, but ticks occasionally 

engorge in numbers on sick or crippled cats. 


PHENOLOGY 
The climatic factors lmcwl1 to affect the development of the Ameri-. 

ca.n dog tick are the temperature, the relative humidity and precipi
tation, and the photoperiod. The temperature dominates the entire 
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'life cycle, affecting activity, the length of the'developmental periods, 
and survival. The relative humidity and precipitation affect sur
vival. but have little or no influence on the activity or duration of ·.•... 

~<", developmental periods. The photoperiod influences the activity of 
. the immature stages, 

TEMPERATURE 

INFLUENCE OF TEMPERATURE ON RATE OF DEVELOPMENT 

The influence of tempemture on the molting of larvae is illustrated 
in figure 22. The individunlrecords Iit closely to the curve, which wus 
plotted as follows: Using the average daily mean temperature as one 
variable (m) and the rate of development (l,OOO/munber of da,ys) as 
the second variable (y) the method of least squares was used to plot 
the position of a straight lilll':. The values of y at various tempera
itu'es on thi8 straight line were then used to determine the position 
of points at the same temperatures on the curve in figure 22 by the 
formula. 1,000/y = number of days. The curve was passed through 
the points so determined. The correlation coefiicient (determined by 
using OJ and y as above in the TOrl11ula.l' =Smy/v(8m2) (8y2» was 
highly significant, 0.92, confirming the observations of Bishopp and 
Smith at 1Yashington. In the case of Jots kept outdoors, the tempera
ture given is that recorded in the "'eather shelter, which undoubtedly 
varied from that to which the ticks hl the outdoor breeding cage and 
uncovered vials outdoors were exposed. Keeping the tubes sheltered 
or exposed had little effect on the period from dl'oppinp; to molting, as 
shown by the fact tlultman,)' of the Jots placed under the two condi
tions on t1le same day molted Rfter the same pel'ioel, ",hile among 
others those uncovered sometimes molted eadie)' and sometimes later. 

Figure 23 j1]ustmtes the effect of the temperatU1'e on the molting of 
nymphs. Here again the correlation i$ close. the cOl'relation c'oefficient 
being also 0.92, with high temperature reducing the time required 
for molting. 

The illfluence of temperature on the dUl'Htion or the preoviposition 
period is illustrated ill figure 2-:1:. The correlation is not so close as in 
the case of moltil1~, but is still highly significant, the correlation 
coefficient being 0.77. Among the females kept outdcors uncovered, 
one that dropped September 20, 1!):3!), oviposited after 10 days at Rn 
average temperatme of G1.1° F. and an average relative humidity of 
81.7 percent, whereas another female dropped .July 22, 1!)-:l:0, also ovi
posited :dter 10 days although the :wemge temperature "'as 12 de~rees 
higher and the average relative humidity was G percent higher. Among 
the females kept in the tick room, one that dropped April 15, 1!):38, ovi
posited after 27 dRYS at an :tverage temperatme of 72.10 F. and an 
average relative humidity of 4;'U1 percent, whereas another that 
(hopped April 2, 1!)40, ovipositedaIter only 11 days although the 
avera~e tempel'ilture "'liS 7 degrees lower, and the average relative 
humidity was 7 percent lower. 

The hifluence of tempemtme on incubation is illustrated iu fi~ure 
25. The cOl'relation, again, is not so close as in the case of: molting, 
but is highly signific:tllt, the corl,'e1ation coefficient being 0.89. An 
example of the variation encounterecl is .seen in the case of two lots 
of eggs kept outdoors uncovered, A femllIe that dropped August 2, 
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FmtJIIE 25~-]~fTect of temperature on incuhation of eggs of 
Dcmwcclltor ·variabilis. 

193!), began oviposition August 10, und the eggs begun hatching after 
41 days, the average temperature for the perlod being 67.4° F. and 
the relative humidity 82.8 percent. A female that dropped ~Iay 24, 
1940, began ovipositing .Tune 19, ancl the eggs began hatching after 
55 days, the a,verage temperature being 68.2° and the relative hu
midity 82.7 percent. 

INFL1.!ENCEOF TEMPERATURE ON SURVIVAL 

Under natm;al conditions temperatures in this region never become 
high enough to affect the survival a(lversely in anyst~ge of develop
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ment, Low temperatures, on the other hand, arc of considerable im· 
portance in this respect. Fnfed ticks in the early part of all stages are 
resistant to low tempcmtures and are able to survive the winter 
readily, and engorged larvae and nymphs are resistant under some 
conditions, but eggs nnd engorged females nrc vcry susceptible, • 

The efrect of cxposUL'e to winter temperatures on the slII'\'ival of en

gorged females and eggs has been indicated in table 1:2, From these 

and additional records taken oyel' severa] years. it can be stated that 

the great majority of females exposed to winter died without ovi

positing, and eggs exposed did not llatch, Only one fenHtle sUJ'vived 

the winter and o\'iposited the following spt'ing, It dropped Xovem

bel' 4, 1D38, was kept outdoor!; uncovered. and laid eggs, but these did 

not hatch, Ouly i'our lots of eggs sUl'yivecl the winter and hatched 
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JAN 

MONTH IN WHICH ENGORGED FEMALE DROPPED FEB 

"'rmrm: 2().-f'orI'('lntioll l)('tl\'('(,11 til(' mOllth of f('mlll!' ('n;.wr~ell1ent nnd longevity 

of laryu(' of f)('I'I//(/('('Il/nl' /'(/I'ia/Jilis, Cr(l!"f'f':i 011 basp line indicate cnses in 

which felllaies faill~d to oviposit 01' eggs failed to hatch, 


the following yea!', and th(' lalTae f1'0111 1:11('8(>, wel'e ahn01'111a,lly short
lived~ living npP1'Oxirnately lan. Ull. 4G, and 14 days. eespectively. 

Low tempel'attlres dUl'ing thl.' period of pl'eo\·ipositioll and incuba
tion also occasionally afl'eeted I hI.' longe\-ity 0 I' the I'esulti ng larvae 
1n the case of fern:des that dl.'oppe(l early in the spl.'ing. as sho\\,11 by 
the females dropped in April (fig, 20), This figure illustrates the 
correlation between til£> month dUl'ing ",hiel! th(' fem:L1e dropped, and 
hen(:1.' the tenlJ)(>l'altll'('. and tIl(' longevity of lWl'lal,\,il(', The greatest 
individua.l and nvel'ugl.' longl.'viti('s W('I'I.' ntiaill('d hy lal'\'l\1.' from fe
mlLles that dropped du,'ing May.•JUIlC. find ,lilly. and ('onSe(IUently 
werc subjected to th(' highest avel'ag(l lelllpl'I'alul'(' dUI'ing o\·iposition. 
ILI1d incubation, The fenmlps dl'opped in August, wel'e stlbjected to 
high temj1N'atuI'eH dUl'ing oviposition. but incu1)ation eitl)(~r extended 
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into Septelllber and October, when the tempemture was unfavorably 
low, or was delayed until the following yelH'. 

The influence of winter temperatures on the survival of engorged 
larvae and the longevity of the ensuing nymphs is shown by t.he data 
in table 13 which are supported by the trend of addit.ional records 
taken over several years. In most cases engorged larvae sl1l'vived the 
winter and molted the following year, although in a few instances 
they were killed. Foul' lots of ltwvae tlmt cl!'opped September 19 and 
25,1939, began to molt the same fn,H, producing 1lymphs of the fairly 
high longevity shown in the table. The unmolted larvae were sep
arated from the nymphs during the winter and began to molt the fol
lowing April, but the nymphs produced had extremely short lives, 
all less than 108 clnys, .A.11 the lots whieh dropped in October and 
molted the following year produced nymphs ha.ving very short lives, 

_::--.1. [ 'I ,I' r~l-=l, I I. i 
IJI " " 'I ~ fa I.> • I I' 
~ . i· J. --l----;.+
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O~____L-__~____-L____~____L-__~____~r-__~__~~___ 

MAR APR MAY JUNE JULV AUG SEPT OC.T.· '/ljOV DEC 

MONTH IN WHICH ENGORGED lARVAE DROPPED ' ~:~ 

FIGURE 2i.-Correlntion between 1110nth of Inl'YfiI engorgement nnd longevity of 
nYlllphs of Derlllllccmlor /'I,,·ia/lili$. Crosses on hnse line represent larvae 
whil;b fnlled to molt. 

whereas some of the lots that dropped in November and Intel' and 
passed the winter before molting prodnced nymphs with normal life 
spans. In general, it appears that if engorged lat'vae hibernnte before 
nl~Y progress tOWlll'.d molting has tuken place, the res,nlting nymphs 
WIll be normal, but If engOl'ged larvae which have partially cOlnpleted 
development 11iberl1ate, the resulting nymphs will be abnormally 
short-lived. This is well illustrated in figure 27, which shows the 
correlation between the month in which engorged larvue dropped, 
and consequently the t~mpernturl', during the molting period, and the 
longevity of the enslIlng nymphs. Larvae dropped in May, June, 
July, and August produced the most uniformly long-lived nymphs, 
:~llliving over 300 days. 

The ~nfluence of tIle low temperntures of winter on the slU'viv!Ll of 
engorged nymphs and on the adults they produce is shown by the 
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data in table 14 and by additional records acquired over several 
years. In about one-third of the lots all nymphs were killed by 
winter, and in mallY of the others they developed to adults which 
were relatively short-lived. Figure 28 shows the correlation between 
the month of dropping, and hence the temperature during nymphal 
molting, and the longeyity of the adults produced. Nymphs that 
dropped from .April through August pl:)(itlCed adults with signifi
cantly greater longevities than those r.tropped during the other 
months. 

As previously mentioned, recently hatched or molted, unfed ticks 
are quite resistant to low temperatures, ull stages sUl'yiving the 
winter readily in out-door re!Lring tubes. The survival of unfed 
ticks of different ages at controlled low tempel'lltUL'es is shown in 
table 18. Each lot of ticks to be tested wus divided into four sublots, 
each sublot placed in a cloth-covered "it'll, and the foul' vials plaued 
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____ AVERAGE ()F ALL RECORDS fOR THE MONTH 


0~·~1~~1___~1~1~~1__~~~~~~~~ 
MAR. APR MAY JUNE JULY AUG, SEPT OCT, NOV 	 DEC. 

JAN,MONTH IN WHICH ENGORGED NYMPHS DROPPED FEB 

Y"IOURE 28.-Cfll'l'elation hetween tht' month of nymphal engorgement anll 
Il)n!;e\'it~· 01' IIdllltli of /Jerl/lI/cC!lI/or l'(/ri{/IJili,~. {1I'IlSSPli on hnRe line repl'esent 
nYlllphs thnt fllilt!d to molt. 

in a thel'l110S bottle. The. thprmos bol'tl(> waR plaecd in an iCP-(,l'c:un 
cabinet at '10 F., and after 2·! hours it was opened and the vials 
removed to the floor of tIle cabinet. On su('cessive days the tempera
tuJ'(', was low~lred fo 2°, W', alld _.!O. l'es!1N·tin'I,\'. 1'~lI('h <IllY a vial 
was placed 111 It thermos bottle at refrigerator tCllIpcmtnre and 
removed :from the cabinet. Aftel' 2·1, hours the "ial was removed 
from the boUl(' and tIt(' sl1ITivin,!! tid\!, <'OIln(Nl. Four adults, 10 
nymphs, or 100 ]al'ya('. ,,'er(> uSN1 in ('nelt slIblot t('sted. 

The tefits ",cl'e ('onc1uc:trd pl'illt'ipa.lIy to dptel'min(> whether an 
i1lcreasing IHll'diness developed in. thl' lieln, with 111(' gmduallv drop
ping temperatures of fall and Wjlltc~I·. m: has I)N'n ()bs('ITNI in tl\(' 
study of tl number of insects. Table l;{ shows t Itat Ihis is 1101: the 
case. It wi11 be noled that I:licl'c wen' l:i('W'n ,!!I'OUpS I'epresenting
seven different ages 01' envit'onmentR. If the slIl'vivttl of the ndults 
or nymphs in an'y group be followed through each of the tests, it 
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TABLE 18.-Sltnn:v(li,.oj a.n .~Ia,ocs oj Dermacentor 'rariabili.~ at loW tell~perature8. 
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[C,\I1I.H 18.-Slln:i'I;aI, 0/ all, ,~t(lUCS 0/ Dcrmaccntor 'r:r(ri(lbilis nt low 
tc-'fnJlcral,ltrcs~Gontlnlled. 

Exposed 2! hours at temperature 
Date first 
exposed 

40 p.1 
indiCllte!! hy lC 

2'P. 0° F. -4° F. 

SUI:Vival of..,,. 

Larvae INymphs Adulta 

3 Feb. 12, 1941___ lC 
lC 

---....... -- .. .. -"'-- ... ..... ~ ......... -...lC • ______________ ~._ 

Percent 
94 
97 

Percent 
100 
90 

Percent 

6 _____ do______ • __ 
lC 
lC "lC 

X 
lC lC 

70 
31 

100 
00 

X 98 100 

7 _____ do________ _ 

lC 
lC 
lC 

lC 

"X 
x 

" 
.. _"'- ..... --

.x 

87 
09 
64 

80 
90 
90 

lC 
X ..... _- .. - ...  ...... ~ .... -- 99 

95 
X x 92 
X x x 75 

I Treatment: 
Group 1,: Kept outdoors, larvae hate hell AlIglI~t 1330, ",lull. i•.;ue:! fro:n preceding sta.IIO

August 1939. 
Group 2: Kcptouldoors,larvac l",tohed August 12, 10,10, nYlllplc. i ..,ued .fune 11,1940, adults 

i .. ,ucd July 23, 1\140. 
Group 3: l\eptoutdoors, larv/ic llliwh/Jd s.,ptolllber 27, 1940, nymphs i ... ued Ootober 7, 1940,

adul ts issued Septet/lber 10. 1940. 
Group 4: I\ept.outdoors. adui\,!l,collecl.cd by dmgging .fune 17, 1940. 
Group 5: Kept indoors. nYlllphs·i",! ..,~I,September 20, 1939, adults issued Soptomber 20, 1939. 
Group 6: Kept indoors. larvno hatclwd August 5, J040. nymph" i"'l!Ic~1 September 10 •. 1940,

adults issued July 9. 1Il40. 
Group 7: !(ept indoors, larvae hatched November 1940. 

will be seen .that there wns no greater resistance in the later tests 
than in the earlier ones, This nJso applies to the lltl'vae in grou])s 
3 and 6, The larvae iu group 7 were l))'ogressively moreresistltnt, 
but they were from indoors ",11e1'e the temperature was ,relatively 
constant, and they had just completed Illttching Itt the time of the 
Jirst test, The In,l'vne hl group .2, which hac} been kept outdoo.rs and 
were over 00 days old at the time of the first test, showed a pro
gressively increasing l'esistitllce except at the highest temperature 
in the last test. The incL'ease was mo.st lllarked Itt the lowest b~m
perature. - ~ : 

Old ticks were less l'esistant thun yo.ung ticks of the sume stage 
'fro.m the sllme Cllyit'O\uncnl:. Thus, in each test of adults from outdoor 
rearing tubes, dl.'llgge(llldults (1 yellr DId or o.lder) were least resist
ant, l'ClLredll<lults 1 yea)' o.ld wm'e intermediate, and 1'el1l'ed adults less 
thl~n 1 ye:u' old were mo.stresistllnt. The Sltme o.bset'vation applied to 
larvae und nymphs :1'ro.m o.utdoo.rs and to nymphs f)'Qm indQo.rs, but 
in the-<:.ase Qf llLl'me and adults 1110111 indo.ors the di trerence in resist
ance was not cQnsisten.t. 

In many cases llu.Tue, and nymphs Sllrviyed the lowest temperature 
to which they were exposed, -~,o l~'. In only one cuse did the adults 
survive _4:0, but sevm'ltl lo.ts survived 0°. Bishopp and Smith (J) 
re])orted that llLl'vue and l1ymphs survived temperatures as low as -'90. 

Il'!FLUENCE 0.1<' TEMPERATURE QN ACTIVITY 

IngeneI'l\J, l'cnsollubly high tempel'ntm:es are mQre conducive 'to 
tick activity thltll lo.w QneS, Itltho.ugh tempel'lltm:e alone will not in
val'iltbly cause ticksLo become active, The cOl'rellttion between emerg

http:indQo.rs
http:o.utdoo.rs
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,enc.e /6f ,hibernating ticks in the spring and temperature is not so 
close as might be expected. Figure 17 showed thnt adult activity 
increased as the season became warmer, and the proportion of ticks 
active in J.\.pril wus higher in 1M1 thnn under the lower tempemtures 
of 1939 or 1940 (table 1). Figure 15 showedthat larvae beclune acti ve 
in :March or early in April in 10:18, 1940, and liH1, but not uhtill\iIay 
in 1939. April an(l May were colder ill 1939 than in 1938 or 1941, but 
wal'mer than in 1940. )\.s the l)l'Oportion of hibernating nymphs is 
more variable than that of larvue or adults, their spring abundtmce 
is not indicative of the influence of tempe1'llture on activity. 

The activity of all stages ceases in the flLll when tempemtures are 
much higher than those which support activity in the spring. There 
is no activity of adults during winter, but larvae and 11ymphs are 
occasionll,lly encountered on mice during the winter months. 

The tempel'l1ture may exert an indirect influence on activity greater 
than its direct influence. Figures 2(;, 27, and 28 indicate that adults 
dropped between l\.ugust and April, larvae dropped between October 
and 11'ebrual'Y, and nymphs dropped between tieptember und Ma.rch 
produce short-lived ticks in the succeeding stages, apparently because 
of the low temperatures to which the engorged ticks were subjected . 
.Mllximum longevities were attailled in the ticks produc$ld by females 
dro})ped from ~lny through .July, ]:L1"'ae dropped from March 
tIlrough September, aml nymphs dropped from April through 
August. These periods correspond exact ly with the periods of normal 
actiyity of the respedive sta~es, creuting [t. strong presnmption that 
the species has become adapted to actiyity in mOliths when the tem
perature will be favorable to subsequent development. 

RELATIVE HUl\UDlTY AND PREClPITATION 

Moisture is essentiitl to the sUlTivnJ of the ,American dog tick. 
Kept in (lry .containers, unfed ticks die within It few days, eggs fail 
to hutch, and muny engorged individuals fiLiI to molt. Some en
gorged ticks apparently derive enough moisture from the ingested 
blood to maintain development. In containers with paper or ea,rth 
bottoms set on moist sand nll stages lived 11Ormally. Rearing tubes 
set in the soil maintain suflicient moisture even after weeks without 
rainfall. 

Ticks may be lHl\-ersely affected by precipitation only jf they are 
:flooded and submerged. rnfed adults will survive submergence for 
6 duys or longer in fresh wllter !tnd for 5 days in Sea water; unfed 
Jarvae will sun+ve submergence for 1 day in either fresh or sea 
water, and engorged larvae will SUrYiYe 1 day in sea water and 5 days 
in fresh water; unfed nymphs will survive 1 day in fresh or !rea 
water; and engorged 11)"mphs will survive 5 days in ;fresh water and 
3 days in sea ·water. . 

The relative humidity d.oes not affect the molting periods of larvae 
or nymplls. Engorged specimens were left to molt at a constant 
temperature of 78° F. in containers where ,relative humidities of 31, 
51,71, and 79 percent were maintained. All lots exhibited similar 
molting periods and survival, except that few Jarvae kept at 31 per~ 
cent completed molting. , '.\. Rearing data show tlUlt the average relative lmmidities during 
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the preoviposition, incubation, larval moltin~, and nymphal .molting 
periods are not cOl'related with the length of the periods. 

Neitherl'elntive humidity nor precipitation shows any corrrela
tion with the activity of any stage, !. 

PHOTGPERIOD 

It was previously mentioned that ticks in all stages cease activity 
late in the summer or in the fltH when the temperature is still higher 
than that at which activity beglUl in the spring. and it has been sug
gested that this may be an adtLptation to pre\'en,t the succeeding sus
ceptible engorged ticks f.l'OIll being exposed to low temperatures. 
Some factor, however, must act upon the flat ticks themselves, and 
this is u,ppttl'ently neither temperature nor relative humidity. In the 
case of larvae and nymphs, the season of activity ceases when the 
len:;,rth of daylight is tLbout equal to that of the season n,t which it 
begms, suggesting that the photoperiod may influence activity, Smith 
alldCole (15) reported that by experiment:t1ly engorging larvae and 
nymphs on mice it was found that exposure to It gradually increasing 
photoperiod made ticks more active, i. e.. more willing to engorge, 
than It gradUlLlly decreasing one, and that long photoperiocls were 
more favorable than shorter ones. Ko effect on the activity of adults 
was obtained by artificial manipulation of the photoperiod. 

CONTROL OF TICKS ON ANIMALS 

Dusts or dips Rre effectiYe in kiUi.ng ticks on domestic llllimals, and 
to some extent illl'educing l'einfestation, ~one of the materials inves
tigated was completely eifectiYe in preventing ticks from ILttaching, 
but derris greatly reduced the numbet' of attachments and killed the 
majority of ticks thnt did attach for several days after treatment. 

,nlerever possible the use of a clip is preferable to the lise of a dust, 
It is mOl'e difficult to seCl\J'e complete coverage of the animal with a 
dust. which penetmtes the hairless readily and does .not adhere to 
the skin and lllLir, 

DERRIS4 

The materilds most widely used for application to nnimals to con
tm1 external parasites are derris, pyrethrum, sulfur, cl'eosote, and 
arsenic. Den'is has been preferred in the control of the American dog 
tick because it is eifective against the ticks, l11Lrmless to the host. rela
tiyely inexpensive, and may be used either as :t dip or as It dust. The 
purpose of these hlYestigations was to make It more debdlec1 study 
of the v(Llue of del'ris, to compare derris and the other insecticides 
mentioned, to determine the value of various wetting agents in derris 
dips, aml to ascertain the necessn,ry frequency of dipping to prevent 
ILI1y ticks from completi.ng engorgement. The derris dip used as It 

standard was that recommended by Bishopp amI Smith (1), viz, 
1 ounce of nellll'al SOILP Iwd :2 ounces of den'is powder (4: percent 
rotenone) to 1 gallon of water. 

General observations on the vlt1ue of c1el'l'is dip were lllade on dogs 
brought by their owners to experimental stations for treatment. 

• Thl' wnr hns rcdllcrll Importntiol!s of dcr·I'I~. Ilfld thp mntp.rtnl Is not gcncrnlly nvallable 
a~ thiS. gues to press. 

http:completi.ng
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,O;w,ners were xequested ,to bring their dogs for treatment twice ,a 
week. Few dogs weredil>ped as often as suggested, but many were 
!treat.ed at lht.el'vals sufficiently frequent to provide a basis for definite 
conclusions outhe effectiveness of the treatment under various condi
tions.Tlle.,dogs were of all types.and from a wide vltriety of environ
ments. ' 

Duringuhe Season of 1938, 192 clogs .were brought in ancl 446 treat
ments were made. At 180 clippings dogs were uniniested, Itt 170 
dippingslightly infested, a.t 60 dippinO"s modemtely infested, and at 
36 diPl)ings heavily infested. Six of the 192 dogs that were treated 
were made sick by the dip, 1 consistently. 

Of 'the .records on 58 dogs brought in as often as once a week for 
2 or more weeks, only 25 were consIdered as giving any definite infor- 
mation, as many of the repeaters were from areas where the dogs 
picked up only 1 or 2 ticks a week hI any event. These 25 records 
show, ingeneru.l, that dippings every 3 or 4 days will keep clogs tick
free only incases where the animals are li~htly infested before the 
first trelttment. vVhere dogs were heavily infested at the beginning of 
dipping; the numbers of ticks were matedally reduced, but almost 
always SQme ticks were present after 3 days. In a :I'ew cases there 
was no visible evidence of improvement aHer dipping. As against 
this mlty be cited the case showin~ the most outsttLnding improve
ment. A cocker spanielhacl actually been made sick by large :num
bel'S of ticks, and the owner had been on the verge of disposing of 
him. Aiter .tha beginning of the semi weekly treatments few ticks were 
noticed, and the dog regained his full vigor. Several other dogs that 
had been heavily infested \\'ere kept almost free of ticks by the semi
weekly dippings. 

Records on 10 lightly infested dogs f.rom different sections of the 
islau<l showed that wIlen clipping ,vas done twice a week, the animals 
wereeithe).· tick-free 01' carried very few ticks n,t Elltch subsequent 
dipping. Only two dogs that were originally lightly infested, showed 
no improvement at subsequent semiweekly dippings. 

Ticks on four dogs orighlally moderately infested n,nd brought in 
at irregular interv!tls, were reduced or eliminated by dippings every 
3 or 4 days, whereas dippings eyery 7 or 10 days were ineff.ective. 

A difficulty encountered in certllinl011g-haired breeds was the action 
of matted hair in protecting ticks from the dip, Anoutsbtllding 
instance was that of It femltle tick caught in a mat of IudI'. This tick 
had detached Itnd laid eggs on the animal 'without being killed by 
the dip. With dogs lUlving long hair about the face, as ScotHes and 
Sealyhams, special care Imd to be given to In'event the engorgement 
of ticks in the bettrcl. On cel'tttin dogs the ticks attached ttlmost ex· 
clusively inside the ettrs; this is pttrticularly bue of beagles. Derris 
in vaseline applied to the ettrs proved helpful in such cases. 

The cost of clipping vttried with the number of dogs tl'eo,ted in Qne 
lot of dip. In one instance, in which a single 45-gttllonlot of dip was 
used to treat 65 dogs over a period of 3 days, the cost was 4 cents per 
dog for materials. During the entire season of 1938, in the foregoing 
and in additional studies, 712 dogs were treated, l'equiringG3G gallons 
of dip at a totnl cost 0:£ $35.67, 01' an average of 5 cents per treatment. 

In a more detttiled t.est of weekly di]5ping,5 dogs were dipped once 

http:treat.ed
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each week for 13 weeks. All the dogs had been heavily infested before 
the dipping was begu1l1 and the ticks were not picked by the owners. 
Throughout the test the dogs continued to carry many flat ticks, but 
in many cases no engorged females were present ttt the time dippings. i. 

were repeated. In 54 such repeat dippings and observations, 31 times 
the dogs carried' no engorged females and 23 times they carried SOllIe :. 
engorged females, the number ranging from 1 to 21 pel' dog. From 
these results it may be concluded that weekly dippings will prevent 
complete engorgement about half the time, and will greatly reduce 
the number engorging at all times. Based on the number of en~orgecl 
females found on the dogs before dipping was begun, it is estllnated 
thut the weekly treatments reduced the number of fema1es completing 
engorgement on these 5 animals by 90 percent. 

:WETTING AGENTS 

The efficiency 0:1: various ,Yetting agents in the preparation of derris 
dip was investigated under the supposition that an agent snperior to 
soap might be found. In a preliminary laboratory test four synthetic 
commercial wetting agents and a mild soap ,yere used to prepltl'e dips 
in the proportion of 1 ounce of wetting agent and 2 ounces of derris to 
1 gallon of water. These dips were tested against ticks of the following 
classes: (1) Males thttt had been confined in test tubes since molting, 
never having had an opportunity to become very active; (2) :l:emales 
of the same type; (3) males and (4) females collected from vegetation 
by dragging, which were active but unfed; (5) fed males picked from 
dogs; (G) fiat to slightly engorged females picked from dogs; (7) 
females one-eighth to one-third engorged; (8) females one-half en- •.. 
gOl'gecl; and (9) females fully engorged. All specimens were held in 
the solution with forceps, being submerged momentarHy. The uufed 
ticks from vegetation and the fed ones Trom dogs were collected imme
diately before dipping so that they would not become inactive. 

COllsidemble difference in the effectiveness of the dips on the variolls 
classes of ticks 'YaS apparent, their efficiency generally increasing ns 
the metabolism of the ticks had advanced. Not one of the inactive ticks 
Trom test tubes was killed by any dip, Hi percent of the unfed females 
from vegetation were killed, 33 percent of the unfed males, 92 percent 
of the fed males, D2 percent of the slightly fed females (class fl), 44 
percent of the females one-eighth to one-third engorged, 50 percent of 
the females one-half engorged, and 02 percent of the females fully 
engorged. 

One of the synthetie ,",etting agents (sodium In.uryl sulfate) g:we 
better results than soap, and the others were about eqlUtl to soap in 
respect to the Jlllmhcl' of ticks killed by tlle dips. However, the soap 
held the derris in slIspension longel' than the synthetic wetting agents, 
a factor of some importance. 

Other tests with :j of the synthetic wetting ngents and mild soap 
were made, the dips IJeing applied to tick-infested dogs, which were 
afterward confined for f) days. ,Yhel'eas lao ticks were picked from 
all untreated dog, only 3 io (j live ticks were found after 5 days on dolors • 
dipped in any of the soluf:ions-numbel's so small as to make it impos
sible to elmw any distinctions between them. 

'. 
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'Where the dogs were dipped before they were allowed to run in order 
to test the repellent and protective value of the dips, there was It wider 
variation in the results obtained. One of the dogs on which tt synthetic 
wetting agent was used picked up a smaller number of ticks than the 
others, and fewel' ticks sUl'vive(l for IL week than OIl the other dogs. 
The other foul' dob'S picked 1..1P approximately equal numbers of ticks, 
but on the three dipped do~s most of the ticks were killed by the derris 
remaining in the hair. In this manner the period of protection is seen 
to extend ...vell beyond the time when ticks freshly attached are found 
OIl, animals . 

.A. comparison of mild soap with the synthetic wetting agent (sodium 
Iauryl sulfate) that had ~iven the best results in labo~'atory tests was 
made under normal cOllditions of usc on 8 dogs belonging to private 
owners. The do~s were selected because they wel'e lutbitunlly infested 
and because they ran ill the same general ~lreas. All dogs were dipped 
twice each week 'for a lllonth. Two Irish setters b_elonging to the Same 
man were dipped, 1 in each solution, and olYered It particularly close 
comparison. The clo~ dipped in derris ·with soap had 11 few live flat 
ticks at each tt'eulment from the second to the sixth. and no ticks at 
the seventh and ei~htll treatments. Om' fully engo{·ged female was 
found. The dog dipped in derris with the synthetic wetting agent had 
lL :few live, flat ticks at each treatment fL'om the second to the fifth and 
none at the sixth, seventh, 01' eighth. X 0 engorged females were found. 
On the othel' :3 dogs (lipped in llen'is with Roap thpl'(' were 11 occasions 
when 110 live ticks Were found and 7 occasions when n few were found, 
while with the othel' ;} dipped in del'l'is wilh the synthetic wetting 
agent there were ·1 inspections when no ]i \'e ticks were found and 14: 
..."hen IL few were Jound. From these cOlllpal'isons it appears that the 
synthetic soap waS us ell'ectiye as any wetting agent with derris when 
used on clogs as often as t \Vice each week. 

The followin~ senson th(' two dips were compared on six privately 
owned dogs dipped ~lt inl el'YHls of' 5. G, and7 (bys, to tlefeJ'Jnine whether 
the interval between eli ppings coul(l be extended by the use of the syn
thetic wetting H~cnt, without serionsly lowering the elrectiYeness. No 
dUl'erence uetween the ell'ectiveness of' t1J(' two dips was noticed, and 
very little uetwecll dippin~s at the lon~el' and shorter intervals, very 
good results bein~ obtained even with do~s dipped every 7 days, as 
far as prevention of complete engorgement was concerned, although 
heavier infestations of pal'tinny engol'~ed ticks were built up at the 
longer period. The synthetic rnatel'ial showed its superiority as :t wet
ting agent, however, in thnt the dogs became thoroughly wet with the 
dip more easily and quickly. In the comparisons between the two wet
ting agents, enough attention was ~iven to make certnin that all ani
mals were thoroughly wet, thus red1lcing the importance of this factor. 
It appelll'S, then, tllllt when thQI'Ol!~h treatments arc given, soap is as 
satisfactory as the synthetic a~e.Jlt, but in hurried 01' careless dipping, 
the latter might be superiQI'. ns h(':wy c()ats of hail' become wet through 
with less effort. The synthetiC' wettin~ agent tlissolves much 1110I'e 
readily than soap in ('old wnft·)" b1lt the derdsremains in suspension 
longer in the soap sol1ltion. 
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l'ERSIS'l'ENCE OF BEURIS .IN THE HAm 

1'0 test the protectioJ\ a frol'<l~,(L by tI\l' den'iH l'cJwl.in ingin tL dog's 
coat after dipping, a elifreJ'en!" dog waH dipped on ellch of asuccessive. 
days, and permitted to I'un in a tick-fl'ee ,rani until the fourth clay, 
when all weL'e permitted to run in tl tick-infested area. Each was 
subsequently kept in It cage, OYel' a moat foi' ~ weeks to permit the 
ticks to develop and dL'Op as they normally would, The dog that had 
been dipped 1 day before infestation picked up the fewest ticks, and 
an were kil1ed while still flat. The dog dipped ~ days before exposure 
had the second lightest infestation: and tt few females completed 
engorgement. The dog dipped ;1 clays before expOSure picked up the 
most ticks, and some of the fel1lal~'s engol.ged nOl:mally. Thus them 
was absolute pl'Otection foL' ~4 houL'S and a fail' degree of protec
tion for 7~ hou1-'s. 

EXTnACT OF BEunlS 

.A hot-watel' extrad of derris containing ;l.OF; mg. of rotenone pel' 
cubic centillleter mlR tl.'ste<l in ('olllp:u'iROIl with th(· pl'e\'iolls1,v men
tioned standtu'd derris dip, whieh was ealelllated to ('ontain only lUi 
mg. of rotenone per cubit' centimeter, being lIlade with ~ ounce:; of' 
derris (.,I, percent rotenone) and 1 ounce of Dreft to 1 p:aIlon or water. 
The water extract was expected to be ;J times as strong as the dip, 
and was tested in dilutions of 1 :1. 1 ::2, 1 ::3, 1 :+, and I :J as \Yell as "l'u \I 
strength. ,,All were tested again!:it fed mal('s, flat to slightly engol'ged 
femall.'s, one-t111:id- to one-half-engorged females, and fully engOJ'ged 
fl·em:~ll.'sl·' 01111y] tll\~ Ilf:u II-st l'ellf!t\'h ~xt ;lct waH \('(Illunl~ I to, the IS~lall)(11n 1'1(11 • 
(eI.T1S (lP, )01: I n 1I1g a l1 \IC ~s 111 r (aYS,.L ( I IItlOllS n N a1 
males and :fully I.'ngorgecl females. bllt only the 1 :1 dilution pI'e\'('nted 
the half-engorged l'emaIes hom o\·ijlositing. 

J)J;ltIIJS neST 

The use of derris as a eluSI gin's salisf'tletol',\' ('onl 1'01 inligllt in f'esta
tions. The dust u!:ied should hI.' fitwly ground (Ien'is root ('olltailling 
3 Ot' ,~ pereent of l'otenone, Applkalion R11Oulc1 \)(' thorough. all(l the 
powder must penctm!"e to the Hkin. 'I'l'l.'alllH'lIls :;hollld b(' J'epl.'aled 
evel'y ~ 01':3 days, As (lipping jf( mOJ'1.' I.'f1'l.'divp thall dusting. il Hlwu1d 
be used in p1'el'e1'cllc(' ",11('I1('\'cr pORsi bIt', 

HEnnIS WASH ON CATTI.E 

To test the efi'eetiyelH'SS of' tl)(· sta1Hl:l1'<l (lpJTiR clip 011 eattll', all 

expel'inlent was Rl.'t lip L1Ring milk ('0\\'" at two sllIall dail'i('s an<1 on a 
fa rill. There 'wns eOllsiderable Y:1l'intion in in<lid<lllal host sl1Hl'epti
bilitv, the infl.'stationH ofil1l1ividual ('o\\'" in the sume hCl'd l'anging 
fron11 to 80 ticks. Only the headH and tIl(' brusheR of thl.' tnils wel'e 
infested as a. l'Ulc~ nnd ·only thl.'se parts were washed with til(' <lip. 
TreiltJnents were ~iV('n 1.'\'I.'J'y other day at fil'Rt, then eyel',\' fourth day, 
and the finnl ohS(,J'ynt:ioll was ma<1l' 1 '''1.'1.'1\: after the last treatment. 
The derris gave satiHfa('(oJ'Y kills alHl was :lR ('/I'(,(,tiYe as when uRNl 
on dogs, On most ('O\\'R (I'~utntent at inlC'rYtlls of .~ dnys to a w('l.'k • 
"flYI.' excellent conlrol, :tnd. ('\'('n on ('s[lt.l('ially Hus('eptihle (,OWs t n'at
~)ellt:s every otllel' day gan' :llmoRi ('onlpletp rrel'dolll fl'onl lick;;. 

http:l'cJwl.in


SULFuu-CunE 

'I'he suHm'-tubp. <1i p clistonllu'i Iy l'etornmellded fol' the cOlltrol of 
cattle lice (100 POlilldfi of wettable sulfur and 10 pounds of cube pel' 
1,000 gallons of watel') was compared ,,"ith the standard del'l'is dip 
on dogs infested with ticks .in all degrees of ellgol'gemcnt, Sulfur
cube was inelrective, killing only a Ie,," of the ticks, whereas the derris 
dip permitted 110 engol'~ement. 

In II second tel:it the sulfur-cube dip was fortified I)y the substitution 
of 25 pounds of derris 1'01' 10 pounds of cube in the forllluia J01' 1,000 
gallons, Beca'lse the dip had siIown VCI'Y pOOl' wetting ability 011 dob'S, 
soap waS added to the fOl'llltlla at the rate oJ 50 pounds pel' 1,0()() 
gallons, It ,"as tested in l;omp:u'isOll with the standard derris clip 
as in the preceding eXpel'illlellt, The fodilied slllflll'-cube dip waS 
1llOl'e ell'ectivc titan fOl'lIlCl'lv uut l'elllaine<1 less eJl'ectivl.l than the 
standard deni:::; dip, • 

PYRETHRt:;\I 

• 

Emuh;ions of' kel'O;;PllP l'xtmet of pYl'ethrul11 or th{' type ('UstOlll
firi],)' used as mosquito ltu'Yi('i<lcs wcre IInsntiHfaetol'Y as (lIps against 
ticks on (logs, The pl'ineipal disa(lnllltagc was the difliculty in thor
oughly wcttiug th(' dog's :;kill with tllP lllatel'ial, aH it did not wet Ol' 
penctmtp thc hail' ['cadil,\"...\lthough til(' clIlulHiol1 was a satisfa<:tot'y 
killillg agcnt in la1Jol'ato!',Y tcsts using partially Jed ticks picked frolll 
dogs, it clluse<l low mortalities (0 to;jO P(~I'('cllt) on dogH dipped ill 
a mixture oJ' .1: ouul;es of XC\\' .lel'sPY Larvicide to 3 g;tllons or watel', 

ARSE:-IIC 

Thc standanl nr~(\lIi('nl slo('k <lip in the stJ'en~th rccommended 1'0[' 

control of tattlp tkk~ was slightly sU\>C['iOl' to derris in one tcst and 
infcl'im' ill t \\'0, The :tl'scnie killed n, high proportion of the females 
that \\'C1'(' fully el1~ol'~c<l at thr tilll(' of dipping but :t lo\\'el' propor
tion of flat llnd HI ightly l'llgol'gcd I ieks, 1Is i11 fel'iority ,,"as pl'olmbly 
duc ill part to itsillHhility to 'rct and penetl'fltc the hair as well as did 
the dcn'is dip, Although no injU1"Y to till' skin wns observed on the 
animals (L'('aled, the al'senic has been known to cause burns uncle!' 
certain conditions nnd is a dnllgel'O\lS s(onwcll poison as \Yell. 

CUEOSOTE 

Coal-bu' ('l'('OSO({' was inpll'p<:livp at tlle llIaximulll strcl1~th at which 
it could sa f('ly be :tpplied to a 11 i mills, The (1 ips teHtec1 contained 2 
ounces of creosote (plleno) eoeflicirnt [) to (j) pel' gallon of water, At 
this st['cngth thel'c Waf;:t negligihle 111ol'tality among I'emalp ticks~ but 
model'llte 1lumhers of the lllalrs WCl'e killed, In one instancc the creo
sote injured the skin on the cars of a dog~ c(lusing bleeding fOl' several 
minutes after tl'l'ntment. 

CONTROL OF TICKS ON VEGETATION 
The tcndencr of tIl(> :l(ll11ts of nIP Ampricnn <lo~ tick to concentrate 

on the grass Itt thp sidps of I'oa(h; and paths In'o\'ides an opportunity 
to kill :L hi~h j)l'opol'lioll of thc' tieks :wtiv('. in an are:L by spraying 
a, relativel,\' Sill:) 11 portion of! that m'en, For ('x:unple, in an area where 



60 TECH:\,IGAL m':J.LE'CIX 00;), 1.:, S, VEl'T. 010' ~GHlCULTUltE 

ticks were collected once each week during an entire tick season, 

5,628 ticks were collected by dragging along roadsides Hnd paths, 

whereas only 535 ticks were collected in the adjacent field, even though 

the total distance dragged in the field was slightly the larger, t;prnys • 

could also be used to advantage to free the vegetation frol11 ticks 

around camps, beaches, aml other small resort areas, particularly 

where Uocky Mountain spotted fever is .kl1own to occur. 


Smith and Goucle (17) reported that :t spmy contain.ing 0.5 percent 

of nicotine sulfate (~10 percent nicotine) and nbout 0.3 percent of soap 

reduced the abundance of ticks on wgetation by about DO percent for 

2 or 3 clltyS. The addition of 1.5 perc'enl' sodium HUQI·ide 01' 1 percent 

dinitro-orthocyclohexylpllellol pL'Oc1ucecl Il reduction of longel' dum

tion, out Illtl.cle the Spl'llY injuriol1!,; to 'folillge. l\:('l'osene extract of 

l)yrethrUlll, derris, pille oil, tlnd diphen.rlnminewere less satisfactOlT 

materials. 


Luter experiments indicated that an emulsion of DDT (2,2-bis 
(p-chloropllenyl)-I,l,l-triehloJ'oethane) diHsolved in sollll>l(' pine oil 
was as etl'ectiye as any of' the fOl'egoil1!!: materillh;, pr'odl1c('d more 
lasting control. and WaH not inj llL'iOUH to folia!!:e 1\:; us(>(l. ~\ spray 
contitining 0.5 1)(!1' (~ent of DDT. :Li peJ'cent of soluble pille oil, :lI1d 
D7 percent of ·water, applied to l'otl<1Hide vegetation tit tIl(' mt(' of 7 
pounds or D])T pel' (1('1'(,. J'edu('ed. ti('k abundan('e to INiS than 1 percent 
of the original infestation 1'01' 10 da\'s.whereas almndallee in till un
treated tn'ea mnged from };~ to lOG jlCl' cent during the Stllllt' period. 
The application of 21/~ ponnd:; of DDT find Hl~ pint!'; of soluble pine 
oil in 100 gallons of wall' I' 1>(>1' HC'I'C I'eeluced tiek UliUIH1aIl<:l' to l('ss 
than 5 percent of the original I'OJ.' :H days, wherens fthu.I1(.lnl1ee in nn •. 
untl'ea.ted area rose to 11101'(' tlmn :W!I P('.I'('('ul of tIl(' ol'lglllttl (ltll'ing' 
the same period. 'I'll(' npplieation or ~ pOlluds 01' !('ss of DnT pel' 
acre waH sOl1wtimes ('treC'tin' hut not in ev('ry cnSe. Emulsions lH'(~-
pared by w;ing ~~':! pints of xyi('nl' and 1,~ pint of syntlwtic ·wl'tting 
agent pel' p()lIl)(l of nDT W('1'(' ahout as ('11'('l'li\'(' as thos(' using :;olllble 
pine oil. Hmith and UOllC'k (18) IHl\'(' I'('po]'t(>d DDT 10 he C'tl'ediyC' 
against: oth(,I' spel'i(>s () r tieks 1'01' lllueh longPI']wl·iods. n IHI it is probable 
that this will hC' found tl'\l(' in tIl(> emil' or DNIIlClCClltOI' l'ClI'iaoili8. 

CONTROL BY TREATMENT .OF DOMESTIC ANIMALS 

Over the greate]' part of it:; rangp tIl(> Anl('I'iean clog tiek is ahle to 
utilize both wild and domestic animals as hosls in tlw adult- sUl!!:e. but 
in restricted loealiti('s tIlt' ol1l~' hosts amilable to the acllllt ticks aee 
domestic anima,]!';. rll(lpj' tile latter ('OlHtitionsil should br. possible 
to reduC'(' tick nbundancl' in the' (ll'Ptl by fiystematically dipping tIll' 
hrfested animall-), as thi!'; would pI'e\,pnt f'Plllnle ticks from engorging 
and ovipositing. TIH' island of ~Ial't1ul 's Yineyard 1)(,'o,'i<1Nl an espe
cially fa:\'orable loeality fOI' illn'stigating this Illetilocl of control, asno 
wild animals suitable as hosts of adult tiel\8 W(>I'r. 1)f'PSPIlt. An Jl.l'ea 
was selected as the sit(>. of Ih(> expel'inlent on tIl(> ou(skil,ts of.a town 
wllCl'e ticks were 1'C'I)Orted to IwY£' ])('(,11 C'onsisipntl." llumerous Jot' 
many years. The nl'ea, ILppl.'oxinln.t('ly 1 111.11(' long by I~ mill' wiele, 
was situnted on the fil1ol'(, oP ll. hay. 1'i('1\ inl\'stnt ions wel'e hell\Tiest in •. 
the beach grnss along tIll' l)1)()l'e; (>11 tl1(, aajneentblu.(f, which WOR COV- . 

creel with a tangle of line grnss. ,,,iId I'oses~ and blackberries; and in 

" 
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.11 salt ml1rsh at one end of the area. l\Iany of the houses in the area 
were occupied only in stu~uner, and vet'y little of the land was in cul
,tivation..~Ieadow mice were abundant in the uncut gruss, providing 
an abundance of hosts for the larvae and nymphs. A view typical Qf 
the area is shown in figure 29, 

DObrs were almost the only hosts of adult ticks in the ttrea. A few 
cattle and hQrses were present, but they were kept in a closely grazed 
pasture and remained free of ticks, Seveml cats were present, but 
ticks were found on only one, which was treated tiS often as necessary, 
All the dogs were treated with derris twice each week during the 
tick season. In April, when the ,,,cather was too cold to pet'mit dip
ping, the animn.1s werc dusted with derris powder, but from May to 
September they wm'e <lipped in the sland!ll'd del'l'is dip (2 ounces of 
derris and 1 ounce 01' neutml soap to 1 gallon of water). A dipping·· .._-

',;" ~ 
;-'1' •r

i 
l• 

FIGURE 29,-TypicuI habit/It of the Americnn dog tick. The thick h'rnss mixed 
witl) blnckhel.'l'Y, rose, hayberry, and beach plum 11I'O\'i(les excellent covel' for 
meadow mice. 

vat waS 1110ullted 011 a %,-tOIl truck so that it could be taken to each 
house where dipping was necessflry. FigUl'es ao and 31 illustrate the 
method of dipping and the equiprnellt. The dog's entire body and 
neck were immersed in the dip, but the head wns not immersed, as the 
dip would enter and irritate the eyes. Dip was scooped up by the 
handful, poured over the dog's hend, and rubbed thoroughly into 
the ha.il'. The systematic treatment of dogs was begun in April 1938 

http:animn.1s
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and conducted during the entire tick SetlS0ns of If.1fSS, 1939, 1940, 
tllld1041. 

The cooperation obtained from the dog owners in the ttl'ea. was • • 
very good -frol1l the first, and grew even better as the benefits ob
tained from dipping became apparent. .A few persons would not per
mit their dogs to be dipped, but they eithCl' substituted treatments 
of their own choice or resolted to hand picking of the ticks, so that 
their dogs did not drop engorged Jelllaies to destroy the Ytdue of the 
experimental operations, 

During the Season of 1038, 13 dOhl'S belonging to 11 pel'solls were 

• 


j·'lGtmE BO,-UHillg" dPI'l'iH dip to (,(lIItl'ol tllc AIlICI'i(':m dog tick, 

(lipped Hi;} tilll<.'H, and Olle.' 01' 1110['(' PI1g0l'gNI i'Plllaip ti('in; W(,I'(, round 
attached In (i instance.'s. In one of these () easeR thc' dog had been in 
the lleighbol'llOocl a we.'pk \>efol'(, itR 1'1'('8('11('(' was dis('o\'(\l'cd by the 
worker. in :: ('Hl'e.'S tIll',\' W(>I'(' Oil dogs that had Hlissed olle 01' more 

< t.reatments, and ill ~ l'l\!:WS they W('l'e in the long 1Hllt· lLround the 
:.

mouths of Scotch terJ'iers whel.'e tIley had not been washed with 
the dip. 



• 


• 
1 lIll HI ;n. Purtaltitl dlJ'i1if!_ 	 .,: HI~t.l;l('d ull !nlt'k I,., P~I"..rl.' !"PIUfl\i.lh1p 

lutll1Jti ill::"'~ 

.\s 1l1!):"t OJ' tIl(' l>l'l':-Oll:- ill tILl' nl'l':t \\l'l'!' 111111'\1 !'()ll!'l'nll,d on'l' dOl! 
ti('k:",lIHlIIY lid,:- \\PI'(' pl(,\.;l'd i'l'utll tllP dog''' IH,tl\I'l'1t dippillg'''.:-o IJO 

"PI'Y (jp!iuit(' illj'ol'llla!IIJl. a,. t{] tIlt, I'I'J)I'lh'1l1 ntllll' of tIll' dip \\;1:

ohtnill(,tJ j'I'OllJ rill' ill"J)(,,·tlflll'" at tltl' :-Plui\\l'l'ld., tI'PUllIlI'l1l:-••\Ii tIll' 
()WIH't':-. hO\\I'VI'I', I'l'po!'t!'d a l'IIIl:-idl'1'1l1dl' t'l'titll'l iOll ill till' lllllllbt'I' 
of' flat tlt'k:- attadlitl!!. Hilil "'lId, UI'"I'I'IHtioll:-;l''' tIl!' llulllol''' In'l'l' 
nlJII' 10 1I1llkl' l'OldirllH:d thi,.. 

It balllJost !'('I'taill tlla! n i'p" tkkild'p,..!PI! ... tl'HI' do!,!"illld 11('('(';'-'; 

to tltp lll'('fl. IJIlt ill .!!l'lIl'l'alll1l' opl'l'luioll" \IPl'(':\" :-il{'I·p~"rll! nlld :-at· 

j"rn('!ol'Y as would Ill' pO"'''il.]p \\'hill' l'olllllt:l1',I' ('()o]lI'I'tll lOll or (log 
o\\I1l'I'S was dl'IH'ndl'd Oil. alii I lil(,,\ :,,110111<1 lw\t' [ll'oyiill'cl HII illl'ol'IIl:t· 
(in' tp:"t of tIl!' \'tIltH' or :"lWIt \\<lrk rOl' tit-Ii. ('tHltl'oJ. 

J>nriu!! tltl' "pa:-oll of Ut;I~1 a IOlal of :!(I(J tlippitl,!!':" \\'l'l'P g'iI'PIl to I;) 
do!!:", Oil :! oc('a ... !!)II,.. H ... iug'h, PIIg'()I'!!Pc! ['(,11la1l' \\:\" [lI'P"('lll at till' 

tillH' of dippill,!!, ],lIt at tlIP Uls otltl'I' dipping':- till' !Iog':- \I{'I'l' {'itlwl' 
fl'('p (If tkk" OI'\'lllTil'd 0111" fllll or pal·tinlly j'l'd tit'k .... III I!llll a t<ltn1 

• 
of :;111 Ilippin!!"\1!'!'!' !!IYI'Il III I:.! dll!!"', Ou Oldy {1I1l' ()I'('a ... joll \\'('1'(' 

allY I'II!!ol'.!!pd fl'lIlH 1('... jll'P"'PJlI. ,,1)('111 \1('1'(' rOlllld OIl il dll!! till' lir!:'t 

(illl!' it wn,.. dil'lH'd a 1'11'1' Itn \'ill!! IH'\'ll bl'lJlI,l!lit inl () IliP nl'l'll. III l!J JI 
vcry rpl\' t ie·l;, ... '1'<'1'1' HI·t In' ilt til!' lIrpa. Hild ill "Olll!' ill..;tall!'Ps llo!!:-i 



that remained free of ticks were examined ttt semiweekly intel'vills 
but not dipped. A tottd 01' 127 clippings ~yere given to 14 dorrs, and 
in no cnse were any engOl'ged i'emilles :founcl on the dogs Ilt the time '. 
of treatment. . 

The abundance of adult ticks in the nrctl, was measured by collect
ing them with a drag, as descdbed in the section 011 methods of study. 
Dl'Ilgging ,~'as ,done Idong the sides of the roads: ill the beach grtl~s, 
on the bluff adJacent to the, beach, Ilnd across n held at tl grcllter chs
tnllce :from the water, The abundance tlu:oughout the experiment is 
shown in figUl'e ~3~, 

The abundance of adult ticks in 1038 mny be considcred to I:epre
sent about the normal, as the ell'eds of the systematic dipping were 
not appllrent, IlR was to be expected. befoJ'e 1!J3\'), Abundallce nOl'nmLly 
v!tries grcatly from yellr to yell I', liS is $hown in fjO'uJ'e 17, A 'C0111

plu'isoll of the abundallcc in variolls years in n nOI:{\)!d Ill'ea (shown 
in fig, 17) with that shown ill Hgul'e a~ indicates what propOItioll of' 
the fluctuation I11Wit be IltU'ilmtcd (:0 the ('ont 1'01 Opel'fltions, 

In 10;30 there was a slight dedine ill abundnnce ill t Ill' conll'oll(~d 
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FlOUltb 32,-RclIsnnal 11\)1I11(IUIII'(1 of ndull!' in an :II'(Oa \\'11('1'(' nli dog;; were 
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ILrea, whereas lhe ltbulldalH'e i.n the nOl'mal area in(,l'enscd gl'('all,r, 
ticks being more l1umCI'QUS than in allY otll('L' ,veal', .As noted in the. 
section on scasonal cye leR the o,·i posi (ion in ally 1 ,YPllI' I'l'Rults i 11 lieks 
moltillg to adults dming the following ~ yeal'!" (tahle 15), ','hus, as 
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shown in ,table .15, 35 percent of the adults produced by females en
gorged in 1939 became a~tive in 1940 and the remaining G5 percent 
became active in 1941. ~his would meau that in the area of sys
tematic dipping 35 percent of the yalue of the opertlJjons in 1938 
should be IlEparent in 1939, and 100 percent in 1940. The slio'ht de
cline in adult abundltnce in 1939, rendered more Sil:,l'llificiUlt 1;y the 
simultaneous increase in n normal area, may therefore be attributed 
to the dipping. 

Tllere was n further decline in adult abundance in 1940, but I\~ 
the 110rmnl area showed It similar decrense, this may not necesslll'ily 
}uLve been produced by the dipping. However, the abundance in the 
controllecl area continued to decline in 19tH, nnd by 1942 very Jew 
ticks were to be found. wherens hl the normal Ill'elt adult nbundallce 
rose to a high level in'both yeltt'S. Considering the entire picture, II. 

stendy decline during 5 yetlrS in the controlled area in contrast to 
fiuctultting abundnnce in It normal al'ea~ it becomes tLppllrent that. a 
substnntiuJ degree of contl'ol resulted Jrom the systematic treatment 
of hosts. 

An additional iactor in the extremely low nbundn,nce in 1942 WIIS 
that meadow mice were destroyed by poisoning in 1941 in It POl'!;iOIl 
of the urea. 

Abundance in the ttl'ell increased after 1942, in the absence of fur
ther cont.rol operations ..A_ survey neal.' the peak 0-1' adult acti\'ity in 
1943 indicated that the ticks were about one-thiJ'd as abunclant as 
in 1938, before control mensures began. In 1944 abunc1lmce had risen 
to about two-thirds of that in 1938. 

Cont.rol by dipping of Itll dogs in all area is rather expel1si\'t!, 
Although the cost of matel'ittls was SIlHLll, less than $10 it yem', the 
operations required about 17 days' Iltbor. On It basis of 50 cents pet· 
hour for labor, the tohtI castrO!, one Season WOIt Id l)e $78, ext'lusive 
of the cost of the trltck and vat, for the control of an area of 
% square mile. The proportiunate cost would VIU''y ill eli I[el'ent areas 
with the number of ttnimlds per squttre mile requiring treatment, 

CONTROL .BY ERADICATION OF MEADOW MICE;; 

In the discussion of the relative importfLllce of the Ylll'iol1s ltllimt1ls 
serving as hosts for immature ticks, it ",us pointed out that the 
meadow mOtlSe was the principlLl species concel'llecl. This WIlS es
pecially true on the island of Martha's Viney!trd, where no pille mice 
were present, .Although white-footed mice were sometimes hen v.ny 
infested with larvae, they were rarely Jouncl to clL!'ry mnnYllymphs. 
These iacts indicate thut if the mendo," mice in an ILrea conicl be 
eradicated, the majority of nymphal ticks would die without engorg
ing, resulting in a high degl'eeof control. . 

The Fish and 1Yildlife Sel'viceof t,he United States Depllrtment 
of the Interior has developed effiCient methods fO!' the eradication 
of mendow mice in orchards, where, they 'frequellt.ly cause considel'
able injury to ft'u it trees (Gllrlough and Spencer 4). With slight 

i.' "'.rhls .lItully wu~ CCllldlll't,:d iu cOOIJeruUoll with th.' 1"IHh IIl1d W !III II e,. l')(l1'I'icl', U. S. 
'.,. Department IIr the Interior. 'Plw mOllse-colltrol operatluns wcrl' \Imler th,· dlrecti!!11 ot 

Donald A, Spencer, to whum thl' ll\lthorfl lire addltioDlIlIy Illdebted for UHl!istIlIlC(\ In the 
preparation of this part o! the hulletln. . 

http:frequellt.ly


adaptations, these methods may be ILpplied ill the areas where the 
meadow mice Itre supporting severe· tick infestations, 

The method of mouse control used in this study was the exposure 
of poisoned baits undet, such conditions that they would be en,tell \. 
only by mice, The bltit used was either apple 01' oalS or 1\ combina
tion of the two, The oals weL'l~ 01' It rolled type prepltrcd uy the .}i'ish 
and 'Vildlife Service for this particllhu' purl'ose, and the Itpples 
werepreplLred by cutting them into~~-inch cubes, The oats were 
poisoned with strychnine or zinc phosphide, the apple with zinc 
phosphide, The bait WIlS placed in el:itltulished mouse I'nus, some
times in smull cylinders of roofing pltper ILnd sometimes dil'ectly 011 

the ground, Baits wel'e covered with grllss 01.' other mnterial so that 
birds and ll1tunmllls otlHW than mice would Hot find Ilnd eat them, 
Both types of bait with either poison were readily accepted by 
meadow mice throughout the 4: yelLl's of OUSCITlltion, even 'when an 
abundance of other food was present. 

The auuncltwce of meadow mice declines through the ",intet', but 
increases very mpidly 1n spring and summer, As til('. nympllltl tieks 
are most Ilctive Ilnd abundant: dlu'ing the months whcll mouse abund
ance is increasing, the pl'Oulem of moUSe control in relal ion to ticks 
is mOl'e difliC'ult: than the eontl'ol pmcticed in orelln,nlsin the winter 
months, A si 1l~le application of poison in the sprin~ nsull.l1y Huflieed 
to rec1uee mouse abundance to a slltisflle(:orily 10w lerel. but the 
numbers of miec a~ain rO!'W rltpidly as hl'eeding occllrred in the IlrelL 
and migrating miec were forced into tbp al'elt by the pL'essllre of 
increasing pO])lllllt ions ill adjaecnt (enitory, 

The study of mouse cl'ndiclltioll liS It mel hod 01' t.iek oontrol \\'US .' 
conclucted in two arens, The sitt' uf tlw fil":lt experiment wns in the' : 
1Yest Ohop ttl'ca, II lltll'l'OW stl'ip of ~rasslltnd lying between a ,,"ood 
and !l beac'h, l\Jeadow miec !Lad white-foott'd IlIiee wel'(' fonnd in the 
grassy pOI'lion, but only white-footed ,mi('e \\"('1'(' [a~(l)nill t1~l' wopel, 
It WItS assllllwd that the wood consltLutl'd a bn.l'l'wl" to 111Igmtmg 
mice, but sueh waS it pplu'entl,r not I lit' (,IlHP, Til is 1lI'(~IL hnd bl'pn 
poisoned -1'01' nlOllS/.' {'ontl'ul in th(' fa 11 ol'\!l:lll a.nd I lip spl'ing orW;37 
as It part of the l\[a.1"Ihn's Vin('.Ytu'd \'~o()dtiek Pl"ojP('(, aH <1<.'li("l'ibed 
by Herlig !tnd Smi]('Y Ul}, Their "('poIt indi('at('s n I'edudioll in the 
numbcl' of mice in the area 'following lilCil' opcmtions, Jll Ih(' pres
ent ('xperinH'lIts poison was applied in Oetohel', XoyclIlhm', ilnd 
December 1$):37, .TUllt', Oetobel', Xovembcl" :Lnd Deeembel" 1$)38, and 
l\:ftly, ,lUll(', alld August Ina!), 

The qualte!'ly aW1'llge abundnn("(' of mendowmicc in the poisoned 
1ll'ea, comptu'c(] with that ill It llol'lll~tl area, is shown in figlu'e :1:3, 
Although t he trends of abUlldlu1l'e in the two arcas COI'l'csponcl 
closely, Ih(' l'elatiY(~ numllel.'s are of somc si:rlliticnncc, AJ the begin
nill~ of theil' opel'ations the authOl's found mic(' 1'0 b(' I110re ItbULldan(; 
in the poisoned !trell (haniu the normal llrca, li'ol1o\l'iu~ the first; 
application of poison, mouse abulldarH'c f(\ll below 1111\1 ill the nOl'mal 
area, and l'emained so t1u'oughout tlw 1)('I'iod thaI poison WUS applied, 
The last a.pplieation of poison wail made in .Al1:rllsl 1I):>'!). an<1 by 
the first qualtel' of l!)·W mOllSl' ahunclftll('P in Ill(' POiSOlWd nI'cn was 
above tImt in the 1101'111:\1 all.'ea, 1\1Hllil: 1'l'Ill11i!IP(lt so, \\"itlh Ill(' 5'x~'('P- '., 
ti.on of n sin~h' qllal'tpl', I 11'Otll!I1 I 1C I'Cm:lll1( CI' of t lC PCl'IO(l of 
observation, 
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l'he abundance of adult ticks wus measured by collecting them with 
a drll,g,the majority being collected along paths. .A. graph of the 
abundance as measured by this methocl is presentctl in figure 34. No 

\. 	mellsurements 0'[ abundance prior to 1938 u,re RVtLilnble, but by this 
time the lloisoning operntiolls of the Mal'thn's Vineyard 1Yoodtick 
Project in 193G nncl1937 might have produced their effect. Nymphs 
engorged early in the season lllllyprocluce Ilctive adults in the same 

0.64 r----.----,------.------.----r-----.:..--r 

--POISONED AREA 
---NORMAL AREA 

.56 

.48 0 
UJ 
:> 

~ 	 z 
UJ i=CD z 

'. 
;::1 

I-

0 
(.) 

0 

:J 
.Z .40 m 

W 
m C> 

Z 
~ 
0. 	 -z ,.. /n:: 

0I  m , I '-oJ 
n:: .32 
UJ 	 0 

0. I'0. 

l- J \ 

I 

C> 	 1 ' :J 
~ 	 , \ 
(.) .24 

UJ 

(.) 

i 

.16 

\. 
f-! I l- I l- I l- I l- I I- % 

0 0 I- m o. 0 I- m 0 0 m 0 0 I- m 0 I- m 0 0 l-
N ot - N m N ~ - N ot - N.., - N

QUARTER II! .., 	 .., .., 0 .,. •
19.37 1938 

• -
1939 1940 1941 1.9042 '" 

It'IOllUE 33.-QUlll·terly Ilverage nlJ\luilnllce of meadow mit-e In the West Chop 
poisoned anm lind II normal Ilren. 



,6.8 !CEOUNI0AL .nUL~~:~l'.IN flO", u. fl. DEll'!c. 0(.' AGRIOULTUltE 

season,but the mRjority produce adults that do not become active 
until the following year. Heductitm of adults should 'therefore lliLVe 
,been apparent from 1938 through 194001' beyond. Ifigure34 shows 
,that ineuch year from 1938 th1'ou~h 19!J:l abul1dallcereached its peak 
in April or early in May, and was declining in June. This:is .abnor.mal, 
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_1940 
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]i'wum: iH.-A\ntn!1al1('(' of 1I(1111t' ti('\,R in West Ohop poif;oned area. 

as tick populations nS1UlJly build up through JUlle and reach It peak 
late ill June or early in July. In 1942 the pettk of abundttnce was 
considerably litter than in preyiolls years and twice as high as in any 
year except 1938. Single collections mllde in July 1943 aud June 1944 
showed the abuudance to be low in both years. 

In geneml it appetLl'S that some reduction in the number of meadow 
mice was obtltined, Itlthough never in It compJetely satisfactory de
gree, ILnd that tick pOlmhLtions were low ILnd ItbnOl'mal during the 
period of opemtions and for seveml years Ilfte1'wlt1'd. 

'£he site of the second experiment was oneedar Neck, a small 
peninsu1u. exposed to reintestatioll by migl"ll.ting mice only at the 
point where it joined the nminhLll(l The entire peninsula, 0.6 .mile 
long by 0.1 mile w.ic1e, was. trelLted at ellch opemtion.The basal 
portion WitS coYel'ed with It t;hiGk g'nlWth of Ullcut gruss, the apical 
portion was wooded, with occasional slmLl.1 pockets of grass and vines, 
and there was It lIIlI'I'OW stl'i P of bench grltss a,1ong ,Ir.ost of the shore. 
:Mendow mice were abunclltllt ill 1111 the gmssy Itrens, and ticks were 
numerous, 

The baits used were rolled onts Ilnd Itpple, l)oisoned with zmc 
pllosphide. They were placed direct.ly in the mouse runs, without the 
use of tubes or feeding stations, Ilnd were covered with grass or 
other materials. Applications of poisoned ba.it were made in A.pril 
and Aug~lst 1939; :Mn I'('h,l\:[ay: Aug-liSt. Ilnd OcLobet, 1940; Ilnd Apdl 

, ,'.• : 

http:direct.ly


0 ,",," 

:,... 
\ 

;BIOLOGY AND CONTROL OF THE AlIIERICAN DOG TICK ,69 
and August 1941. , Following the first application of poisoned bait, 
JIlo,useabundance remained at a fairly low level. In 1939 the catches 
l'ose as ihi~h as 10 mice per 1~0 traJ;>s, in 194:0 ,as l~igh as 28, anq in 
1941 as lugh as 23, whereas 11l 1942, "chen 110 pOlson was applied, 
!they rose to 4:3 per lQO traps. 

'l'he abundance of adult ticks in the area is shown in ,figure 35. 
The graph of abundance in 1939 must be considered normal, since no 
control measures were conducted in the ltrett prior to 1939. Abundance 
in 1940, 1941, and 194:2, however, .should have been affected by the 
mouse~poisoning operations. The abundance in 1940 was only 10 per
cent of,that in 1939, whereas in ,a normal area (fig. 17) abundance was 
27 percent of that in 1939. In 1941 and 1942 the abwldance in the 
poisoned area was 35 and 47 percent, reSl)ectively, of the abundance in 
1939, whereas in a 110rlllitl area it was 50 percent in each year. 

The fact that 1939 was the year of greatest tick abundance in all 
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areas increases the difflcuUyof eYllluating the control method. How
ever, the difference between the abundance in 1939 Itnd that in other 
yeRrs wus cOJlsistently greater in the poisoned lI,rea, indicating that 
at leastil polt,lonof it was due to meadow mouse control ,A. sm'yey 
near the penk of tick activity in 1913 showed tick abundance in the 
poisoned area to be about 14:0 percent of that in 1939. In 1944 tick 
abundRllce WIlS about 170 percent of that in 1939. 

On ,the bllsisof these two eXl)eriments, it mlly be cOllcluded tllat a 
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substantial reduction in the abundance of meadow mice in an area by 
the use of poison will be followed by a reduc"tion in the abundance of 
adult ticks, that the first effects will be apparent in the year following ~'. 
treatment, that poison should be applied once each month dnring the . 
breeding season of mice to obtain satisfactory control, and that the 
degree of tick control will not exceed the degree of mouse control. 
The benefits derived from this method will be greatly increased by the 
simultaneous treatment of domestic animttls to prevent ticks from 
engorging and ovipositing. 

CONTROL OF TICKS BY BURNING THE GRASS 

Observations in several areas where accidental fires occurred when 
adult ticks were becoming active revealed marked reductions in tick 
abundance. In some cases, however, the wild fires were mucllhotter 
than controlled fires would have been. 

Fires should reduce tick .abundance in two ways (1) by destroying 
the ticks active at the time of the fire and (2) by removing the cOVo':' 

for meadow mice, the principal hosts of the immature sbtges. 
The degree to which the cover for meadow mice was removed by ] 

fire is shown by figure 36, and the rapir'ity with which it returned by 
figure 37. The two photographs are 6£ the same spot, but the one 
taken April 29, 1~41, shows a well established mouse run completely 
exposed by the burning of the grassy cover. Mice would have no pro
tection from their enemies, and could not survive. By the time the 
second picture was taken, June 12, the green vegetation had covered 
the run, but the protection to the mice was not so great as in the .• " 
heavy growth preceding the fire. " 

FIGUllJol 3(t-Tick habitut afte.\' a fire, April 29, 1941. The sillall path in the • 
foreground is a well established Illeadow lllouse run exposed by burning off, 
the cover. 
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Collect iOll~ 0 f miec and inllllat Ul'P tieb; weI'(' Ilwde i 11 the IJlll'lled 

and unbul'ned portiolls of the al'(,ll by tl'llppi1lg, Both llieado,," Illi('l' 
and wltit('-I'ootl'{/ Inice \\'(,I'P :::t'UITP ilJ tllp bUI'lled :tt'(,:! t liP Ilight arl(,I' 
thl' lil'e, ~h'ado\\' ll1iel~ \\'PI'P (,Ilt il'l'ly abSl'nl 1'1'0111 till' blll'llpd pOI,tioll 
dUI'illg .\lay alld .11111('. bill' whitp-I'ootl'd ItJicp Wl'I.'P 1l1l1l)PI'Oll:->, By tIle 

FJ(,J'Jn: :l'I,~Tdpnti('nl sIlot "hO\\'I1 ill fig'lll'p :}O, fl \\'('(>ks latpl', ,TlIIW I:!, WI!. 
Tit" ;.!I'l'l'1I \'I'gpt <II ion ('IIII('p:l1,: till' IIIl'tH1,,\\' II)Oll>'<' 1'1111, 

fil',,1 of ,\lI!.!'II:"f llwaclo\\' IlIi('p harl IJ(I('OlllP Illoc!PI':tfph' III111lPI'OIlS. and 
I'PllInin('d ,,;) ill ;-O;Pp(l'll1iJl'I', IHlt whitp-/'()o(pelll1i('p \\'PI'P alJ"PIlt. Inllw 
IIl1hlll'llpd pOl'tioll llH'ado\\' Illi('(' incl'Plls('(l :::t('udily ill IllllltiJPl'S 1'1'[]1I1 
,\Ia," to ;-O;pplclnl)('l', as is HorllJally the case, but \\'ltitt'-I'ooted mice 
\\'PI'P SCHl'ce, 

So \'Pr." )wnyy infpslntiolls of Jal'Yfle or nymphs '\'ere fonnel on 
IJli!'p ill ('itIH']' lll'C'H at 1m,\' til1lC'. although adlllt ti('k~\\'C'I'C' 1l1ll11PI'OllS 
("'PI',\' ,WHI'. il1C'lndinJ,!' 1!) 11. ,\,hilc' mC'adow llliC'C' \\'PI'P ah:;ent 1'1'0111 tlte 
11111'11('<1 ill'Pit, wlIitp-foo!("(1 mice fl'om that area ('Url'il'd 11101'(' IU1'Yil(', 

Iliit /'('\\'('1' IlYlllphs, tlinn lll(>tlelo\Y mice :from tIl(> UllhUI'IH'(I. wIdell 
\\'PI'P in tlll'll ll10l'(' lH':I"il\' infp:;(pd than \\'hite-footpd mi('(> fl'OIl1 the 
",HilI(' l(}('ali( \', TJli:s ('ollfll'111S till' obsPI'\'atiollf' ill al'('lIs \\'hl'l'l' l1Ii('o 

hay£' h('(,11 ]!(Ji!"oIlPd that. \\'hen Jlleadow mi('e are !lot uyailahle, \\'hit(~
l'ootPc] mie'(\ aI'£' inl'l'l'tlsingly utilized (If> hosts by lal'\'ae, hnt not by 
Ilylllph~. 

Tltpl'C' ,,'ns a slTong imliell(ioll that tl\(' fil'e in ...\.]11'il ('auseel n ('011-

sidpl'Hl>ll' ),pdlldioll ill tIt(, ahllllrl:\IJ('(1 of adult ticks tlil'Oll!.dlOUt tIle 
I'Plllninrll'I' or f Iw s(,lI!"on, Thp nlHIIHlnl1('p in tlw 1I1Ihul'IlP(I]'lOl'f iOIl or 
tIl(' lll'PIl. was nliout :lO() jlPI'(,PIJt J,!'I'pat('1' (han tIm! in tlIP 1)111'/1('(/ porI ion 
Ht t/tp p('ak of adult IH't i\'ity, alJ(I I'(mlainecl gn'tltt'l' until all actidty 
('P(t:;('(1. 

Cnllp('( iOlls () f n{III 11 f icks had 1>('('/1 Jll:ulp in nIP a 1'(':1. in Allgllst In w, 
pl'oYieling n IJ:I:;i:-: rot, ('\'lllun! itlg tli(' ('11'('('1 of tll(, lit'(l Oil adult nbllll
dall(,(, in ~\l1gll:-t ]!1·11, .\hllJHlam'p ill pln.('('s wllkh 1'('11 Iftined ltlllilll'lIl'(1 



was the same in 11)'10 nnll 11)4:1, whereas abundance in lmrned places 
was only about one-tenth as great in lfJ4:1 as it had been in 1!)4:0. 

TICK PARASITES 

Only two species of insects, Ixodipha[Jll8 teJ:anus How. and ll~tn
tel'eUus lwol~e1i How., are known to parasjti~e ticks. Both belong to 
th" hymenopterous family Encyrtidae. I. fexanu8, which is widely 
distributed in the United States, is normally parasitic on the rabbit 
tick (llaemaphysalis Zep01'i8-l'alu.stl'is Pack.) hut has been fonnd 
parasitizing larvae and nymphs of the American dog tick in :Mas$:t
chusetts. It occurs in the latter species so infrequently that it is of 
no importance as a. natural enemy, and, in fact, only attacks dog 
ticks in the localities where they are extremely numerous. 

Ibtntel'elZ~ts lwoke1'i, which is incli~enol1s to the warmer portions 
of the world, is normally a parasite of the brown dog tick (IUdpire
phalu8 .san{Jtdneu.s (Latr.)), but readily parasiti~es nymphs of the 
.A.merican dog tick in the laboratory. An attempt by Larl'ousse, King, 
and ",'Tolbach (9) to utilize the parasite fol' the control of ticks in 
Massachusetts resulted in the establishment ot: a small colony which 
has persisted for years without cansing :t l'eductionin the abundance 
ot: the American dog tick. The strain was importeel from France, 
and may be dependent on the black-legged tick ([.rode.'? 8('aplllat'i8 
Say) for its survival in Massachusetts. ·.An attempt to establish a, 
colony of a Texas strnin ot: the pal'asite in Massachusetts was un
successful. In the course of the experiment, whith has been reported 
by Smith and Cole (16) ~ !)O.OOOfemales wel'e. released. None were 
recovered in ticks collected in the area, of release, lind no reduction •
in tick abundance was appal'ent. . 

• 
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