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Ecology of Tick Vectors of American Spotted Fever
W. BURGDORFER 1

The author reviews the natural history of the tick vectors of American spotted fever.
The discussion concerns the ecology of the Rocky Mountain wood tick, Dermacentor
andersoni, the American dog tick, Dermacentor variabilis, and the lone-star tick,
Amblyomma americanum, all of which are proven vectors of Rocky Mountain spotted
fever to man. Also included are the rabbit tick, Haemaphysalis leporispalustris and
Dermacentor parumapertus, which very rarely bite man but which are considered of
importance in maintaining and distributing Rickettsia rickettsi, the etiological agent of
Rocky Mountain spottedfever, in nature. Briefreference is also made to recently developed
techniques for studying the ecology of tick vectors.

In the United States of America, 5 species of ticks
are known to transmit in nature Rickettsia rickettsi,
the etiological agent of Rocky Mountain spotted
fever. These are (1) the Rocky Mountain wood
tick, Dermacentor andersoni Stiles, (2) the American
dog tick, Dermacentor variabilis (Say), (3) the lone-
star tick, Amblyomma americanum (Linnaeus), (4) the
rabbit tick, Haemaphysalis leporispalustris (Packard),
and (5) the rabbit dermacentor, Dermacentor
parumapertus Neumann.
The Cayenne tick, Amblyomma cajennense (Fabri-

cius), which is prevalent in southern Texas, and the
brown dog tick, Rhipicephalus sanguineus Latreille,
are both vectors of spotted fever in Mexico, but in
the USA they have never been associated with cases.
The Pacific Coast tick, Dermacentor occidentalis
Marx, is also considered a potential vector as it has
recently been found naturally infected with rickettsial
agents belonging to the spotted fever group (Bell,
personal communication).
The following discussion is limited to the ecology

of the Rocky Mountain wood tick, D. andersoni, the
American dog tick, D. variabilis, and the lone-star
tick, A. americanum, all of which are proven vectors
of Rocky Mountain spotted fever to man. The
rabbit ticks, H. leporispalustris and D. parumapertus,
which very rarely bite man, are also included as
there is increasing evidence that they play a signifi-
cant role in maintaining and distributing R. rickettsi
in nature.
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ECOLOGY OF TICK VECTORS AFFECTING MAN

Dermacentor andersoni
The distribution of this tick is limited to the

mountainous regions of western USA and to the
southern parts of British Columbia, Alberta and
Saskatchewan in Canada (Fig. 1). Because of its
importance as the vector of Rocky Mountain spotted
fever and other diseases of man and animals, the
natural history of this tick has been, and still is,
the subject of intensive research, particularly in the
Bitter Root Valley of western Montana.
D. andersoni is not host-specific; any animals,

except birds, may serve as blood donors. The
immature stages parasitize a large variety of rodents
and other small mammals, such as rabbits and hares;
the adults feed predominantly on large domestic and
wild animals, including cattle, horses, goats, dogs,
wildcats, elk, deer and bears and accidentally also
on man. Animals of intermediate size, such as
rabbits, hares, porcupines, badgers may serve as
hosts for all 3 stages of the tick.

Dermacentor andersoni is particularly abundant in
areas where small rodents share habitats with large
domestic and wild animals. This was the case in the
Bitter Root Valley of western Montana during early
investigations of Rocky Mountain spotted fever,
when a large population of Columbian ground-
squirrels (Citellus columbianus columbianus) lived in
close association with man and domestic animals.
This rodent was considered responsible for serving
as a blood donor for 95 % of all ticks on the valley
floor. The ticks are still abundant in the moun-
tainous canyons on the west side of the valley,
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FIG. I
DISTRIBUTION OF DERMACENTOR ANDERSONI

IN THE USA AND CANADA

where on the rugged, steep south slopes several
species of rodents live closely together with the
mountain goat (Oreamnos americanus), deer, elk and
bears.

In a study on the ecology of Colorado tick fever
virus in the mountainous Lost Horse Canyon near

Hamilton, Montana, Burgdorfer & Eklund (1959)
observed that the golden-mantled ground-squirrel
(Citellus lateralis tescorum) was generally more

heavily infested than the Columbian ground-squirrel.
In a similar study in rugged Mill Canyon, also near

Hamilton (Clark et al., personal communication)
found that golden-mantled ground-squirrels and
wood rats (Neotoma cinerea cinerea) carried most of
the ticks. They also observed that adult male deer-
mice (Peromyscus maniculatus) were more heavily
infested than females and juveniles. They related
this difference to the males' greater exposure to
ticks in their more extensive travelling ranges.

The life-cycle of D. andersoni is completed in
2 years and may be described as follows: in March or
April, when the snow begins to melt on the south
slopes of the mountains, adult ticks come out from
hibernation and climb to the tips of low vegetation
in search of hosts. Spring and early summer months
are the feeding periods of adult ticks. Once the
weather gets hot and dry, as in late June or early
July, activity of adults ceases and those ticks that
have not found hosts have to seek protection under
ground cover where they pass the remainder of the
summer, fall and winter. Ticks that find hosts will
feed for 7-9 days and mating takes place during this
time. When fully engorged, they drop to the ground
where, about 7 days later, the female begins to
oviposit and lays from 5000 to 7000 eggs. After
approximately 35 days of incubation, the eggs hatch
and the larvae disperse and attach to small animals.
After 2-6 days of feeding engorged larvae drop,
become inactive and undergo metamorphosis to
nymphs-a process that takes about 2 weeks. As a
rule, nymphal ticks do not feed during the summer;
they hatch but crawl into hiding until the following
spring when they attach to small rodents for a blood
meal. After feeding for about 7 days, they drop,
hide, and develop into adults. Since adults usually
do not take a blood meal before 7-9 weeks after they
emerge from the nymphal stage, the majority of
ticks again hide under waste or near the surface of
soil and remain there through summer, fall and
winter until spring when they again appear in search
of hosts.

Until recently, ecological studies of D. andersoni,
especially in regard to seasonal activity, required
collection of adult ticks from vegetation by the
flagging technique and of immature ticks by trapping
small host animals. With the introduction of the
carbon dioxide (CO2) method (Garcia, 1962), col-
lection not only of host-seeking adults but of all
active stages of unengorged ticks became possible.
The technique is based on the fact that CO2 exhaled
by animals is an important stimulus guiding ticks to
frequently travelled trails or resting places, and
consists of placing in a desired area a piece of dry-ice
(weighing about 2 pounds, or 1 kg) on a wire-mesh
platform in the centre of a white flannel cloth.
During the period of gas release, ticks will crawl on
to the cloth and can be readily collected. Promising
collection data were reported by Garcia (1965) for
all stages of D. andersoni and by Clark et al. (personal
communication) for larvae concentrated in cracks
and crevices of rock ledges.
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Radioisotope tagging also appears to be a useful
tool to obtain additional knowledge of the ecology of
immature stages of ticks. Sonenshine & Clark (1968)
evaluated the feasibility of this technique in field
studies by releasing thousands of tagged D. andersoni
and D. variabilis larvae. Numerous tagged larvae
and nymphs were recaptured for as long as 34 days
after release of the larvae. Mass rearing of tagged
larvae was done by collecting the progeny of en-
gorged females that had been inoculated with
14C glucose or glycine (Sonenshine & Yunker, 1968).
This method resulted in radioactivity which lasted
throughout the nymphal stage.

Finally, encouraging studies are in progress by
Dr Yunker and Dr Rudbach (personal communi-
cation), of the Rocky Mountain Laboratory in
Hamilton, to identify in adult ticks the host origin of
blood meals taken during the nymphal stage. The
study employs the precipitation reaction of blood-
meal extracts and antisera in immunodiffusion
plates. If this system can be perfected for nymphal
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ticks also, it will not only provide additional data
concerning host-vector relationships of D. andersoni,
but will also furnish information as to the source of
viral, rickettsial or bacterial pathogens in ticks.

Dermacentor variabilis

The American dog tick is found in the Great
Plains regions and east to the Atlantic coast, in
California and southwestern Oregon (Fig. 2). In
Canada, it occurs in southeastern Saskatchewan and
as far east as Nova Scotia. It also has been reported
from northern Mexico. Biologically, D. variabilis is
closely related to D. andersoni, although the host
range of immature D. variabilis is much narrower.
Larvae and nymphs feed primarily on a variety of
mice, particularly meadow mice (Microtus spp.) and
white-footed mice (Peromyscus spp.), and to a much
lesser extent on rats, rabbits, hares, squirrels and
cats. The dog is the principal host of adult ticks,
but cattle, horses, mules, hogs, sheep, coyotes,

.2
'OR VARIABILIS IN THE USA a

a According to Cooley (1938). The small black circles represent records near the limit of the distribution.
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raccoons, wildcats, badgers, wolves, foxes, skunks,
deer and rabbits also serve as blood donors.

Larval activity of D. variabilis begins in March or
April, and reaches a peak in April or May. It
decreases during the summer months and rises again
to another peak in August and September. Larval
abundance in early spring is due to overwintered
larvae that hatched the previous year, whereas
activity in August or September is attributed to
larvae derived from females fed in the spring or early
summer.
Nymphal activity begins in March or April,

increases until July or August and ceases in Septem-
ber or October. Again, it appears that activity before
June is by nymphs from larvae that had hatched the
previous year, while that after June is due to ticks
derived from larvae of the same season.

Activity of adults is first noted in April, is espe-
cially intense in June or July and declines until it
ceases completely in August or September. There are
slight differences in seasonal activity at various
geographical locations. According to Sonenshine,
Atwood & Lamb (1966), this is due to variations in
solar radiation. In comparing their findings in
Virginia (latitude 380 N) with those of Smith, Cole &
Gouck (1946) in Massachusetts (latitude 410 N), they
noted that tick activity in Virginia began earlier and
ended later than in Massachusetts where the average
daily solar radiation was 3.5% less than in Virginia.
These observations were part of a detailed quantita-
tive analysis of the ecology of ticks, potentially
involved in maintaining Rocky Mountain spotted
fever, in a study area in Virginia. Abundance of
D. variabilis, its seasonal cycle and the relationships
of this tick vector to vegetative associations and
vertebrate hosts were also determined. The study
area consisted mainly of 2 types of vegetation, each
with its specific small-animal population: (1) grasses
and herbs, where meadow voles (Microtus penn-
sylvanicus), harvest mice (Reithrodontomys humilis)
and house mice (Mus musculus) were abundant, and
(2) woody deciduous vegetation, which contains
white-footed mice (Peromyscus leucopus), chipmunks
(Tamias striatus), flying squirrels (Glaucomys volans),
pine voles (Pitymus pinetorum) and shrews (Sorex
spp.). In the grasses and herb community, meadow
voles were the preferred host animals for subadult
ticks, while the white-footed mouse harboured from
92.9% to 99.5% of all larvae and nymphs in the
woody deciduous type. The fact that in each
vegetative community only 1 small mammal species
acted as the main tick host was related to a combi-

nation of 2 factors: (1) positive predilection by
subadult ticks, and (2) high population density of the
preferred species of rodent.
Movements of adult ticks were observed by re-

capturing previously marked specimens. Of 197 re-
captures in 1963, 154 were found at approximately
the same locality, 32 had moved up to 66 ft (20 m),
4 up to 132 ft (40 m) and only 1 as far as 182 ft
(55.5 m). From these and additional data, Sonen-
shine, Atwood & Lamb (1966) concluded that
D. variabilis shows the tendency to remain near the
locality where they first became active.

In an effort to determine why concentrations of
adult D., variabilis should occur along roads and
paths, Smith, Cole & Gouck (1946) conducted
similar studies with marked ticks. They recorded
movement as far as 400 ft (122 m) toward roadsides
and suggested that such migration and roadside
concentrations are a response to concentrated animal
odours.

Amblyomma americanum

The lone-star tick is considered to be a vector of
Rocky Mountain spotted fever. However, because
its distribution (Fig. 3) lies within that of D. variabi-
lis, there are only a few references (e.g., Parker,
Kohls & Steinhaus, 1943) with direct evidence that
this tick actually was the vector. It feeds on large
and medium-sized animals and all stages attack man
and animals, such as deer, cattle, horses and dogs.
Larvae and nymphs feed also on rabbits, squirrels,
foxes, raccoons, skunks, and on a variety of birds,
particularly quails, turkeys and other poultry.
Amblyomma americanum is primarily a woodland

species and occurs in lower densities in other types of
vegetation. It is active from early spring until fall,
although its seasonal activity-like that of other
ticks-may vary with the geographical latitude.
Unfed adults become active in late February or early
March and are most abundant in April, May or June.
By the end of July, most adults are no longer active.
The first nymphal activity in the spring, noted as
early as March and continuing throughout May, is
due to (1) overwintered nymphs, and (2) ticks that
had overwintered as engorged larvae. Increase in
nymphal activity occurs in August among the ticks
which moulted from larvae engorged in June or
July. Larvae become active during June and July
and reach their greatest abundance in August and
September. Those that take blood meals during
these months overwinter in the engorged state, and
those that fail to find hosts die.
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FIG. 3
DISTRIBUTION OF AMBLYOMMA AMERICANUM IN THE USA a

a Modifled according to Bishopp & Trembley (1945).

ECOLOGY OF TICK VECTORS NOT AFFECTING MAN

BUT RESPONSIBLE FOR MAINTAINING

RICKETTSIA RICKETTSI IN NATURE

Haemaphysalis leporispalustris
Ever since Parker (1923) demonstrated (1) that the

rabbit tick H. keporispalustris could transmit Rocky
Mountain spotted fever, (2) that infected ticks occur

in nature and (3) that female ticks can transmit
R. rickettsi to the offspring via eggs, this species has
been considered a fundamental factor in the natural
history of Rocky Mountain spotted fever. Funda-
mental, because of its host relationships and because
it is the only species of tick that occurs in all parts of
North America where spotted fever has been
recognized in man.
H. leporispalustris is distributed (Kohls, 1960)

throughout the New World from Alaska to Argen-
tina, in areas suitable for its principal hosts, cotton-
tail rabbits and hares (genera Sylvilagus and Lepus).
Adults are highly host-specific but larvae and
nymphs also parasitize a large variety of birds,

especially galliforms and passeriforms, and rarely
also small rodents, such as mice, voles and shrews.
Certain bird species are heavily infested; Green,
Evans & Larson (1943) reported an average of
905 ticks from individual ruffed grouse (Bonasa
umbellus) and as many as 12 000 ticks from one bird.
Ground-dwelling birds are generally more frequently
parasitized than others.

Seasonal activities of the various tick stages
depend on the latitude of the region. According to
Portman (1944), the southern part of Missouri
(370 N latitude) is the northern limit of the tick's
year-round activity. In the more northern regions,
all stages hibernate during winter and mortality
varies considerably: 90 %-98% of larvae fail to
survive hibernation, but only 50%Y.-75% of nymphs
and adults die during this period (Green, Evans &
Larson, 1943). In the more northern latitudes,
adults are common from March to June with
numbers decreasing until early fall. Larvae become
abundant in late summer and reach peaks in August
and September. Nymphs occur throughout the
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season, with peak abundance in September and
October when larvae moult into nymphs.

H. leporispalustris is considered a nest parasite
because of its tendency to drop off hares and rabbits
during the day when these hosts spend most of the
time in their resting places (George, 1963, 1964).
This drop-off pattern and the regular return of
lagomorphs to certain resting places increases the
ticks' chances of finding hosts. According to
Woodard (1960), unfed larvae and nymphs respond
positively to light and negatively to moisture and
consequently they tend to occur near the tips of
vegetation where they can attach to passing rabbits,
hares, small rodents and ground-frequenting birds.
Adult ticks, on the other hand, are repelled by light
and attracted to high humidity, factors which keep
them down from vegetation, preferably in the resting
places of their hosts.

Dermacentor parumapertus Neumann

Because of its association with rabbits and hares,
this species has long been suspected as a potential

vector of spotted fever rickettsiae in nature. In a
study concerning diseases of fauna of the Great Salt
Lake Desert in Utah, Stoenner et al. (1959) found
that, of 398 pools containing a total of 19 717 adult
D. parumapertus, 97 pools (24%) contained
R. rickettsi and there was a high percentage of jack
rabbits (Lepus californicus) and Ord kangaroo-rats
(Dipodomys ordii) that possessed antibodies to this
organism.

D. parumapertus occurs in areas of light rainfall
and is found in association with rabbits even under
extreme desert conditions. It is most abundant in
Texas and southern New Mexico, Arizona, Califor-
nia, Nevada and Utah (Fig. 4).

Jack rabbits (L. californicus) and cottontail rabbits
(Sylvilagus sp.) are the principal hosts of the larvae,
nymphs and adults, although the immature stages
have been found on a variety of rodents, particularly
kangaroo-rats (D. microps, D. ordii). It is presumed
that larvae and nymphs will feed on any available
species of rodent; they may also rarely parasitize
various carnivores. Adult ticks are found on jack

G. 4
DISTRIBUTION OF DERMACENTOR PARUMAPERTUS IN THE USA a

a According to Cooley (1938). The small black circles represent records near the limits of the distribution.
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rabbits during all months of the year, with peak
abundance in July. However, feeding activities are
limited to the months of May to September. Larvae
are active throughout the entire year but are especial-
ly abundant in late March, early April and again
in August and September. The early peak probably
represents activity by overwintered larvae, while the
peak in August and September is caused by larvae
derived from early eggs of the year. Nymphs are
active in all months and have a single peak of
abundance in May.

CONCLUSIONS

Until recent years studies concerning the natural
history of Rocky Mountain spotted fever revolved

almost entirely around the ecology of the various
tick vectors. Although there has accumulated a
rather large body of biological information for at
least- some of the tick species involved, additional,
preferably quantitative, information is needed con-
cerning tick population dynamics, vector-host
relationships and various other biotic and abiotic
factors influencing tick activity. The use of carbon
dioxide (CO2), which permits collection of all stages
of unengorged ticks, the application of radioisotope
tagging of ticks to population and activity studies,
and other techniques presently under investigation,
will lead to new ecological findings that may also
contribute to a better understanding of the highly
complex ecosystem responsible for maintaining
spotted fever rickettsiae in nature.

RESUME
t.COLOGIE DES TIQUES VECTRICES DE LA FI#VRE POURPREE AMtRICAINE

Cinq especes de tiques sont des vecteurs naturels de
Rickettsia rickettsi, agent de la fievre pourpree des
Montagnes Rocheuses, aux Etats-Unis d'Amerique:
Dermacentor andersoni, Dermacentor variabilis, Amblyom-
ma americanum, Haemaphysalis leporispalustris et Derma-
centor parumapertus. II est prouve que les trois premieres
d'entre elles transmettent la fievre pourpr6e a 1'espece
humaine; les deux autres ne se nourrissent que tres
rarement sur l'homme, mais leur r6le dans la survie et
la propagation de R. rickettsi est important.
Chacun des vecteurs est decrit sous le rapport de la

repartition geographique, des divers stades du cycle bio-
logique et des relations avec l'h6te. On signale a cet egard

I'interet de techniques recentes qui facilitent 1'etude de
la dynamique des populations de tiques. C'est ainsi que,
tirant parti du pouvoir attractif du CO2, on parvient
grace a l'emploi de neige carbonique a r6colter tres aise-
ment les tiques A tous les stades actifs. Le marquage des
larves et des nymphes par radio-isotopes fournit un
complement d'information sur l'6cologie des stades
immatures. Enfin on met au point une technique pour
identifier l'origine des repas de sang par la recherche
des precipitines specifiques. Ces nouveaux proc6des per-
mettront de mieux comprendre le mecanisme complexe
responsable de la persistance des rickettsies de la fi6vre
pourpree dans la nature.
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