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A study of the population dynamics and ecology of the fleas

associated with the gray-tailed vole, Microtus canicaudus Miller, was

conducted on three sites surrounding the city of Corvallis, Oregon.

Over a period of 12 months, 22,641 adult and larval fleas representing

three families and eight species were recovered from 428 voles and

256 nests. Catallagia charlottensis (Baker) 1898 was by far the most

abundant flea species, followed by Atyphloceras multidentatus (Co Fox)

1909, Hystrichopsylla occidentalis Holland 1949, Peromyscopsylla

selenis (Rothschild) 1906, Nosopsyllus fasciatus (Bosc d'Antic) 1801,

Monopsyllus wagneri (Baker) 1904, Corrodopsylla curvata (Rothschild)

1915, and four specimens of an unidentified Rhadinopsylla. On all

sites, flea populations experienced spring and early winter peaks

followed by drastic summer and midwinter declines. The summer

decline was especially severe and at this time fleas were generally



confined to subterranean nests. This cycle did not correspond with

that of the vole itself which bred principally from spring to fall, pro-

ducing only an occasional litter during the winter months.

Fluctuations in flea populations were positively correlated with

humidity and negatively correlated with temperature. Indices of

extensity and intensity were computed for each flea species, and data

were collected concerning the pattern of flea distribution on the body of

the gray-tailed vole. Contingency tests were employed to determine

whether flea infestations were dependent on particular host attributes,

such as sex, size, age and physiological condition. Yearly sex ratios

were computed for the seven most abundant fleas and monthly ratios

for the two principal species. Finally, negative binomial distributions

were fit to the observed frequency distributions of Atyphloceras

multidentatus, Catallagia charlottensis and fleas collectively on 377

comparable voles.
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A QUANTITATIVE SURVEY OF THE FLEAS ASSOCIATED
WITH THE GRAY-TAILED VOLE, MICROTUS

CANICAUDUS MILLER

INTRODUCTION AND LITERATURE REVIEW

Interest in the ecology and population dynamics of North

American wild rodent fleas dates from the discovery in 1908 that the

plague bacillus, Pasteurella pestis (Lehmann and Neumann), had

passed from commensal rats and rat fleas to native ground squirrels

(Citellus beecheyi (Richardson)) in Contra Costa County, California

(Jellison, 1959). Today, the North American focus of wild rodent

plague, known also as sylvatic or campestral plague, is the largest

in the world, occupying all of the western United States from the

Pacific coast to the Great Plains as well as much of southern Alberta

and Saskatchewan. Fleas are the only significant vectors of the pri-

mary bubonic or zootic form of this disease, whether from rodent to

rodent or from rodent to man (Pollitzer, 1954; Faust et al., 1970).

Fleas are also the chief vectors of murine or endemic typhus,

Rickettsia typhi (Wolbach and Todd), and may occasionally transmit

tularemia, Francisella tularensis (McCoy and Chapin). Both of these

diseases are widespread in North America.

Knowledge of flea ecology is derived principally from the inter-

pretation of data provided by population sampling (Muirhead-Thomson,

1968). Early in this century, the British Plague Commission
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proposed the use of a numerical "flea index" to monitor flea popula-

tions on commensal rodents. Originally nothing more than the average

number of fleas per rat, the flea index has undergone many modifica-

tions in accordance with the needs of different investigators and our

increased knowledge of flea behavior. The problems encountered

when using flea indices have been discussed at length by Hirst (1926,

1927) and by Cole and Koepke (1947).

It has long been known that wild rodent fleas spend most of their

time in the nests and burrows of their hosts (Eskey and Haas, 1940),

and for this reason the conventional flea index does not provide an

accurate measure of the size and structure of their populations.

Collections made at burrow mouths by Stewart and Evans (1941) and

by Holdenried et al. (1951) were found to agree closely with the flea

index, but without examining the nests these workers were unable to

estimate the total flea population. Unfortunately, very few research-

ers have taken the trouble to examine both hosts and nests at the same

time, a prominent exception being Mironov (1963).

Especially since the Second World War, numerous investigators

have probed the complexities of flea distribution in time and space.

Thus, Eskey and Haas (1940), followed by Holdenried et al. (1951),

were able to demonstrate distinct seasonal fluctuations in the popula-

tions of Diamanus montanus (Baker) 1895 and Hoplopsyllus anomalus

(Baker) 1904, two fleas that commonly infest ground squirrels in
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California. While D. montanus may be collected throughout the year,

it is most abundant during the cooler months. H. anomalus, on the

other hand, is a summer flea, disappearing almost entirely in winter.

Clearly, such fluctuations make it imperative that flea surveys not be

limited to one season,

The responses of wild rodent flea populations to seasonal

meteorological events have received widespread study. Holland's

(1949) argument that humidity and temperature are the principal fac-

tors influencing flea populations was confirmed by Howell (1955, 1957)

in his investigations of fleas associated with nests of the desert wood

rat (Neotoma lepida lepida Thomas) and by Parker (1958) in a survey

of fleas on the antelope ground squirrel (Citellus leucurus leucurus

(Merriam)), In a recent study, Ryckman (1971) proved that the

populations of D. montanus and H. anomalus are limited by soil

moisture, In northern Illinois, Mohr and Lord (1960) observed heavy

winter infestations of Cediopsylla simplex ( Baker) 1895 on rabbits,

and Verts (1961) collected greater numbers of fleas from most small

mammals during this time of year. As a general rule, it appears that

in warmer parts of the United States flea activity increases in sum-

mer, but in colder regions the increase comes during winter (Mohr,

1958). The epidemiological significance of these variations has been

discussed by Rumreich and Koepke (1945).
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In addition to meteorological factors, the complex relations

between the environmental and host preferences of fleas are of funda-

mental importance to students of flea ecology. In general, fleas may

be divided into two groups: those that are truly specific, parasitizing

a particular genus or, sometimes, a subfamily or family; and those

which parasitize unrelated animals living in the same habitat.

Members of the former group also may show strong habitat prefer-

ences (Jameson, 1947; Evans and Freeman, 1950; Jameson and

Brennan, 1957). Thus, while Orchopeas leucopus (Baker) 1904 is

specific to mice of the genus Peromyscus, it is seldom collected

outside of forested areas (Verts, 1961), Similar examples of environ-

mentally determined parasitism have been cited by Gabbutt (1961) for

fleas infesting Clethrionomys, Dicrostonyx, Microtus and Phenacomys.

The problem of describing host and habitat preferences is complicated

by accidental parasitism resulting from predation or the sharing of

burrows and runways. Hopkins (1957) and Holland (1964) have sum-

marized the known host associations of Siphonaptera; Elton et al.

(1931) and Benton and Cerwonka (1961) have classified these associa-

tions.

The size, sex, age, behavior and physiological condition of a

host all interact to determine the number of ectoparasites it will

support, Thus, Harkema (1936), Milne (1949), Hirst (1953), Mohr

(1961) and Phillips (1966) reported positive correlations between host
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size and the percentage of individuals infested with fleas, ticks or

chiggers. However, Mohr (1961) and Mohr and Stumpf (1964a, b)

observed that larger hosts often bear disproportionately greater

numbers of parasites, a fact that they attribute to the tendency of

these animals to maintain larger home ranges. Blair (1940), Hayne

(1949), Brown (1956) and Tanaka et al, (1958) demonstrated that

female meadow mice patrol smaller home ranges than males which

may explain the lower infestation rates often recorded for females.

Mohr and Adams (1963) suggested that, due to frequent exchange of

parasites, greater infestation rates are likely to arise when host

animals live close together. Widely dispersed hosts fragment the

habitat available to their parasites, resulting in parasite loss and

reduced infestation. Small adult mammals appear to be more effi-

cient self-cleansers than large adults, but this rule does not extend

to juveniles (Mohr and Stumpf, 1962), Surprisingly, Holdenried et al,

(1951) found no evidence for increased flea infestation on ground

squirrels enfeebled by injury, sickness or old age.

Among the most recent discoveries concerning the regulation of

flea populations have been those made by Miriam Rothschild and her

colleagues during their investigation of the life history of the rabbit

flea, Spilopsyllus cuniculi Dale 1878, the principal vector of myxo-

matosis in Britain (Rothschild, 1965a, b; Rothschild and Ford, 1966),

Building on the earlier field work of Allan (1956), they were able to
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demonstrate that the maturation of rabbit flea eggs is dependent upon

the level of corticosteroids circulating in the blood of the female

rabbit. In male fleas, a number of important physiological changes

show similar dependence on the hormone cycle of the doe. The extent

of this phenomenon within the Siphonaptera is as yet unknown, but it

is certainly not universal since the oriental rat flea, Xenopsylla

cheopis (Rothschild) 1903, will breed on hypophysectomized rats

(Rothschild and Ford, 1964).

Surprisingly little is known of the fleas of the Pacific Northwest.

Most siphonapterists in this region have confined themselves to

descriptions of new forms and the accumulation of host and distribu-

tional data (Hubbard, 1947; Hansen, 1964), With the arrival of plague

in Oregon in 1935, the U. S. Public Health Service, together with

state and county health divisions, began monitoring the populations of

all Oregon fleas suspected of being medically important. Foremost

among these is the European rat flea, Nosopsyllus fasciatus (Bosc

d'Antic) 1801, a capable plague vector which in Oregon is the species

most often found on the introduced Norway rat (Rattus norvegicus

(Erxleben)) and the house mouse (Mus musculus Linnaeus) (Dickie,

1973; Gresbrink, 1974). Where these commensal rodents come into

contact with native species, as in suburban areas and on the outskirts

of cities, exchange and infection of N. fasciatus may take place.

Furthermore, Hartwell et al. (1958) and Stark and Miles (1962) have



7

demonstrated that wild rodent fleas readily transfer to synanthropic

rats, a process that may carry campestral plague into urban environ-

ments.

About 220 species of rodents are known to serve as reservoirs

of plague (Dubos and Hirsch, 1965). Some of these speciespar-

ticularly voles (Microtus)--play a proportionately greater part in

keeping plague alive because they seldom die of the disease (Tickhom-

irova et al., 1935; Meyer, 1946; Chandler and Read, 1961). In the

vicinity of Corvallis, Oregon, where this study was conducted, the

gray-tailed vole, Microtus canicaudus Miller, occurs abundantly in

open, grassy fields and wastelands (Goertz, 1959, 1964). Its range

does not extend beyond the Willamette Valley which is an agricultural

region characterized by warm, dry summers and cool, wet winters.

Citing supposed intergradation with Microtus montanus nanus

(Merriam), Hall and Kelson (1951) reduced M. canicaudus to a sub-

species of M. montanus (Peale). This arrangement was followed by

Hall and Cockrum (1953), Miller and Kellogg (1955) and Anderson

(1959) but was not accepted by Northwest mammalogists (Maser and

Storm, 1970). Recent evidence from comparative studies of blood

proteins (Johnson, 1968) and karyology (Hsu and Johnson, 1970)

strongly supports the argument that canicaudus deserves species

rank. Much valuable information on the biology of this vole has been

compiled by Pearson (1972),
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To the best of the author's knowledge, this is the first intensive

study of Oregon wild rodent fleas. Collections from three separate

but similar sites surrounding the city of Corvallis were analyzed and

compared in order to (1) identify all of the fleas that parasitize the

gray-tailed vole within the Corvallis area, (2) reveal the environ-

mental and host preferences of these fleas, (3) describe and explain

any seasonal fluctuations in flea abundance, and (4) examine some

of the factors that influence the degree to which individual hosts are

parasitized. It is hoped that this information will be of value to

ecologists and epidemiologists alike and that it will serve to stimulate

further research on the as yet little-known Siphonaptera of Oregon.



METHODS

Description of the Study Sites

General

9

The three sites selected for this study are ecologically and

physiographically similar to one another. As a result, data from

any one site could be checked against data from the other two which,

in effect, served as controls. Additional criteria used in site selec-

tion were accessibility, relative freedom from human interference,

and the presence of significant populations of Norway rats and house

mice. Each site is bounded by larger areas of similar terrain per-

mitting free movement of animal populations. In addition to the gray-

tailed vole, Norway rat and house mouse, mammals found on all three

sites include the vagrant shrew (Sorex vagrans Baird), Townsend mole

(Scapanu.s townsendii (Bachman)), deer mouse (Peromyscus mani-

culatus (Wagner)), Townsend vole (Microtus townsendii (Bachman))

and the introduced Eastern cottontail (Sylvilagus floridanus (Allen)).

While various species of grasses account for most of the vegetative

cover, larger plants common to all sites are sweetbriar rose (Rosa

eglanteria Linnaeus), Himalaya berry (Rubus procerus Mueller),

Northwest nettle (Urtica lyallii Watson), Queen Anne's lace (Daucus

carota Linnaeus) and Douglas' hawthorn (Crataegus douglasii Lindley).
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North Corvallis Site (Figure 1)

This site, hereafter referred to as the North Site, occupies

approximately 1,3 hectares of land within the apex of the inverted

isosceles triangle formed by the tracks of the Southern Pacific Rail-

road at the Corvallis Junction. The soil is predominantly Concord

silt loam lying at an average elevation of 68 meters. During winter,

standing water may persist for long periods in ditches that parallel

the railroad tracks. Tall oat-grass (Arrhenatherum elatius (Lin-

naeus) Mertens) is the dominant grass species, covering most of the

site and broken only occasionally by clumps of orchard-grass

(Dactylis glomerata Linnaeus). Because much of this area is used as

a public dumping ground, Norway rats and house mice are most

abundant here, The North Site also supports the largest population of

Townsend voles.

South Corvallis Site

Extensive real estate development in the southern part of

Corvallis necessitated several shifts in the location of this site and

was responsible for the loss of most data between May and June,

1973. However, all collecting was done immediately east or west of

U.S. Route 99W between Millrace Creek and Wake Robin Avenue, and

no site exceeded 0.8 hectares in area. The soil throughout is Dayton
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silt loam lying at 68 to 70 meters. Again, tall oat-grass is the

dominant grass species, but orchard-grass and a variety of weeds

are also abundant.

West Corvallis Site (Figure 2)

This site embraces 006 hectares of land along the north side

of Philomath Boulevard lo 3 kilometers west of its junction with 53rd

Street° The soil is Woodburn silt loam lying at 90 meters, Perhaps

because of the greater elevation of this site, both tall oat-grass and

orchard-grass are absent here, their place being taken principally

by colonial bent-grass (Agrostis tenuis Sibthorp), followed by velvet-

grass (Holcus lanatus Linnaeus), bristly dog's-tail grass (Cynosurus

echinatus Linnaeus), meadow fescue (Festuca elatior Linnaeus) and

small, scattered clumps of tufted hair-grass (DeschampLa

caes2itosa (Linnaeus) Palisot de Beauvois), The Eastern cottontail

and Townsend mole are conspicuously abundant.

Sampling Techniques

Between December 1972 and January 1974, gray-tailed voles

and their nests were collected at regular monthly intervals on all

three sites. Initially, voles were taken by placing Sherman all-metal

live traps (H, B, Sherman, De Land, Florida) in their runways; how-

ever, the winter of 1972-73 was so cold that most animals captured in
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this manner died before they could be retrieved. Persistent van-

dalism, which must be expected when working in a suburban environ-

ment, also discouraged this approach. In place of traps, a variety of

old boards and panels were scattered at random over each site

(Figure 3). Voles seeking shelter under these objects were easily

caught by hand. Each vole was then immediately transferred to a

large, labeled plastic jar containing fresh grass clippings and pieces

of fruit. All jars were fitted with wire mesh lids. Because some

voles died or injured themselves in transit or were found naturally

injured in the field, not all of them could be used in each of the

statistical tests that follow.

Ordinarily, the gray-tailed vole constructs its nest in a cham-

ber located 15-30 centimeters below the surface of the ground

(Pearson, 1972); however, should objects be present at the surface

the vole will also build under these. Only surface nests were routinely

collected for this study, though during the summer of 1973 five sub-

terranean nests were successfully exhumed for comparative purposes.

As most fleas require about one month to develop, an effort was made

to collect only those nests that had been occupied for at least this

time. Each nest and the loose soil below it was swiftly transferred

to a labeled, half-gallon Freezette-Flat plastic container (Cole-

Parmer Instrument and Equipment Company, Chicago, Illinois)

sealed with an airtight lid. If a litter was found, it was removed and

notes were taken on the age and number of the young.
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In the laboratory, all voles were killed by quickly wrapping

them in cotton blankets saturated with chloroform. This technique

prevented the escape of any ectoparasites and preserved them in the

positions they occupied on their host's body while it was alive. Once

dispatched, each vole was placed in a labeled plastic bag and stored

at -16°C. Each nest was then weighed in its container on an Ohaus

triple beam balance (model 750S) after which the weight of the empty

container was subtracted to obtain the true nest weight. The nest

fauna was extracted with Berlese funnels set for 72 hours and equip-

ped with 60-watt Ken-Rad light bulbs. All fleas and their larvae

were preserved in labeled vials of 75% ethyl alcohol.

At irregular intervals, groups of 12 voles were removed from

cold storage and thawed for four hours under a hood. When no longer

moist, each vole was weighed on an Ohaus Cent-O-Gram triple beam

balance (model CG 311). Using the methods of Sumner (1927),

measurements were taken of head and body length and maximum head

width. The product of these measurements provided an estimate of

ventral surface area.

Each vole was next examined for fleas. Though a number of

washing and dissolution techniques have been described for the

collection of other ectoparasite groups (Hopkins, 1949; Lipovsky,

1951; Cook, 1954; Henry and McKeever, 1971), these are unsatisfac-

tory for fleas which adhere tenaciously to the hairs of their host and



14

are easily damaged by caustic chemicals. During this study, all

fleas were recovered by vigorous brushing and careful searching, a

process that generally required half an hour per animal. In addition,

records were kept of the locations (head, ears, dorsum, venter)

from which specimens were removed. To prevent ectoparasite loss,

all of these operations were performed against a light-colored

background.

Host Phenology

In order to uncover any correlation between the life history of

the vole and that of its fleas, phenological data were collected.

Immediately following flea removal, all voles were dissected to

determine their reproductive state. In males, the testes were care-

fully separated from their epididymides, after which one testis was

preserved in Bouin's fixative for future histological work while the

second was dried for 24 hours at 45°C and then weighed on a Mettler

H32 macroanalytical balance. Females received similar treatment:

the uterine horns were stripped of fat and carefully separated at the

junction of their cervices, after which one uterus was preserved in

Bouin's and the second dried and weighed. For pregnant females,

notes were taken on the number of embryos and their average crown-

rump length. Records were also kept of all postpartum tracts

containing placental scars. In sexually mature males, the seminal
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vesicles were usually prominent and the epididymides were always

enlarged with well defined tubules in the caudae; mature females

showed distinct, enlarged ovaries, thickened, opaque uteri, and con-

spicuous nipples (Hamilton, 1941; Jameson, 1947; Greenwald, 1957).

For both sexes, estimates of age were based primarily on weight;

however, the condition of the reproductive organs and the shape and

ridging of the skull were additional important criteria (Howell, 1924;

Maser and Storm, 1970).

Data Analysis

Linear correlation coefficients, contingency tests and most

other statistical computations were performed on a Monroe EPIC

3000 electronic programmable printing desk calculator, Bliss (1953),

/ Crofton (1971a, b) and Southwood (1971) have discussed the usefulness

of the negative binomial distribution in parasitology. This distribu-

tion was fit to frequency data for the two most abundant host fleas

and for host fleas collectively using conversational programs from

the OS-3 computer system.
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RESULTS

Meteorology

Remarkably severe weather prevailed throughout the collecting

period° The destructive freeze of December 1972 was followed by an

unusually dry spring and a prolonged summer drought. Ten con-

secutive months of dr'yness were finally ended by generous rains in

September and October and record-breaking rainfall in November.

Above-normal precipitation and temperatures characterized

December, but the heavy rains of late January 1974 fell on ground

that had been solidly frozen earlier in the month, producing serious

floods over most of the Willamette Valley. On the whole, it appears

that the normal weather patterns for western Oregon were exaggerated

during the period of this study. Meteorological data for Corvallis, as

compiled by the National Climatic Center, U.S. Department of

Commerce, appear in Appendix A.

Phenology of Microtus canicaudusl

During 1973, the gray-tailed vole experienced a population peak

throughout much of the Willamette Valley, This was followed in the

'Because of differences in sampling techniques, all data for Decem-
ber 1972 and January 1973 have been omitted from this and the
following sections,
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spring of 1974 by a catastrophic decline after which few voles were

seen until the end of the year (Hoyer, 1974). Between February 1973

and January 1974, 428 gray-tailed voles were removed from the North,

South and West Corvallis sites. This total consisted of 140 adult

males weighing between 17.9 and 4504 grams, mean 28.3 ± 6.2 grams

(second figure is one standard deviation); 139 nonpregnant adult

females weighing between 18.3 and 40.0 grams, mean 26.9 ± 4.8

grams; 25 visibly pregnant females weighing between 19.7 and 45.5

grams, mean 30.7 ± 6.8 grams; and 124 immature males and females

weighing between 4.4 and 22.5 grams, mean 16.3 ± 3.6 grams.

Generally, adult males were slightly heavier than adult nonpregnant

females. Since visible uterine swellings were the sole criterion of

pregnancy, preimplantation individuals were classed as "nonpregnant."

Pronounced seasonal changes in testis and uterine weights were

recorded for adult voles (Figures 4 and 5). Enlargement of the

reproductive organs during the spring and fall was paralleled by

increases in the relative frequency of pregnant females (Figure 6).

In an earlier study of the gray-tailed vole conducted not far from

Corvallis, Pearson (1972) observed peaks of breeding activity in

February, June and October. In 1973 the spring peak may have been

delayed by unusually dry weather and the summer peak largely sup-

pressed by severe drought. Although litters were occasionally found

in December and January, it is clear that most reproduction occurred



18

during warmer months. With the onset of breeding in the spring, the

number of females showing placental scars gradually increased

(Figure 7). By fall most females had bred at least once and a peak

in scar frequency was reached. The precipitous winter decline can

be attributed to the disappearance of scar tissue in a nonbreeding

population and to the heavy mortality that occurs at this time among

older females (Hamilton, 1937).

It is apparent that there was a weak but positive correlation

between changes in testis or uterine weight and changes in body

weight. r = +0.7712 for males and +0.4687 for females. The much

lower value for females can probably be traced to the effects of pre-

vious pregnancies; a stronger correlation would be expected between

ovary and body weights.

Two hundred and fifty-one surface nests were collected for this

study. Because of their greater water content, "wet season" nests

(September through February) averaged heavier than "dry season"

nests (March through August). Thus, 80 randomly selected wet

season nests weighed between 34 and 503 grams with a mean of 192 ±

94 grams, while the same number of dry season nests ranged from

25 to 321 grams with a mean of 120 ± 63 grams, Within either cate-

gory, there was no connection between nest size and size of the flea

population.
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Eight species of fleas representing three families were removed

from the bodies and nests of the gray-tailed vole:

Family Ceratophyllidae
Monopsyllus wagneri (Baker) 1904
Noso syllus fasciatus (Bosc d'Antic) 1801

Family Hystrichopsyllidae
Atyphloceras multidentatus (C. Fox) 1909
Catallagia charlottensis (Baker) 1898
Corrodopsylla curvata (Rothschild) 1915
Hystrichopsylla occidentalis Holland 1949
Rhadinopsylla sp.

Family Leptopsyllidae
Peromyscopsylla selenis (Rothschild) 1906

Of 22,641 specimens, 6,761 were adults distributed as shown in

Table 1. For most species, identification of larvae was not possible.

Owing to the rarity of Rhadinopsylla in collections and the taxonomic

confusion existing within this genus, the identity of specimens from

western Oregon is at present uncertain.

Figures 8 through 11 summarize seasonal changes in the total

flea population on all three sites. In every case, adult fleas were

most abundant during the spring and early winter and least numerous

during the warm summer months. A midwinter decline was also

evident. As expected, peaks in larval populations preceded those of
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adults (Figures 10 and 11); the sole departure from this pattern

(North Site, Figure 9) probably was due to sampling error.

The mean number of fleas per vole or per nest is equivalent to

a crude flea index° The sensitivity of this index can be improved by

treating each species separately and by restricting coverage to

infested voles and nests (Cole and Koepke, 1947). Both of these

modifications have been adopted in Figures 12 through 25.

Atyphloceras multidentatus (Co Fox) 1909 (Figures 12 and 13)

Atyphloceras multidentatus was the second most abundant flea

found on the gray-tailed vole in the Corvallis area (Table 1). It was

also the second largest, females often exceeding three millimeters in

length° In spite of its numbers, this flea completely disappeared from

surface nests and from voles during the summer months, at which

time small collections (four to five specimens) were obtained from

three of the five subterranean nests°

Hubbard (1947) collected Ao multidentatus from the gray-tailed

vole and other Oregon microtines but noted that it was equally com-

mon on deer mice and wood rats (Neotoma spp.). In order to further

clarify the host preferences of this and the other flea species dis-

cussed herein, large numbers of deer mice, Townsend voles and

vagrant shrews were examined from all three collecting sites during

December 1973 and January 1974. The results (Figure 26) indicate
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that A, multidentatus accepts a variety of hosts including insectivores

which were thought unacceptable by Jameson and Brennan (1957),

The large numbers recorded from the Townsend vole almost certainly

reflect this animal's greater size,

That the ecology of A, multidentatus is still poorly understood

is suggested by observations of Jameson and Brennan in the northern

Sierra Nevada of Plumas County, California, There, A. multidenta-

tus is abundant on Peromyscus boylii (Baird) and common on P.

maniculatus in brushy field situations, However, in coniferous forests

(where P. boylii rarely occurs), A, multidentatus is seldom found on

P. maniculatus but is abundant on the microtine Clethrionomys

occidentalis (Merriam), Thus, while P. maniculatus is a satisfac-

tory host, the degree to which it is parasitized appears to be largely

dependent on habitat.

A. multidentatus is a capable vector of plague, having been

successfully infected experimentally (Eskey and Haas, 1939) and

found able to transmit the disease (Prince, in Wayson, 1947)0

Catallagia charlottensis (Baker) 1898 (Figures 14 and 15)

Catallagia charlottensis was by far the most abundant flea

encountered during this study (Table 1) and was the only species

consistently recorded from voles and surface nests over the warm

summer months. It was also the most numerous flea in all
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subterranean nests, collections ranging from 2 to 84 specimens with

a mean of 350 Although this flea was common on the vagrant shrew

(Figure 26), its preferred hosts appear to be microtines and deer

mice (Hubbard, 1947; Hop la, 1964)0

C. charlottensis was the only Catallagia collected during this

study but, as two or three other species have been reported from

western Oregon, all determinations were based on the structure of

the male genitalia (Hubbard, 1940). In the Sierra Nevada C. mathesoni

Jameson 1950 infests Peromyscus living in brushy fields but C.

sculleni Hubbard 1940 occurs on forest-dwelling mice (Jameson and

Brennan, 1957), suggesting that the several members of this genus

may be segregated chiefly by habitat.

All species of Catallagia that have been studied appear to be

potential plague vectors; that is, they have either been found plague

positive in nature or have been successfully infected experimentally

but are not known to transmit the disease (Public Health Reports,

1950b; Allred, 1951, 1952; Beck, 1955; Kartman and Prince, 1956).

Corrodopsylla curvata (Rothschild) 1915 (Figures 16 and 17)

Members of the genus Corrodopsylla are known to be specific

to Soricidae (Hubbard, 1947; Hopkins, 1957) and, according to

Holland (1949), C. curvata is most closely associated with Sorex.

However, in northwestern Illinois this species was found only on
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Blarina brevicauda (Say) (Verts, 1961), Moreover, Benton and

Cerwonka (1960) feel that their numerous New York records from

Blarina do not permit conclusions to be drawn concerning preferences

within the shrew family, In the Steens Mountains area of Harney

County, Oregon, Hansen (1964) collected C. curvata most often from

Sorex palustris Richardson, and in the present study 2 x 4 contingency

tests demonstrated a statistically significant preference (P < 0, 005)

for So vagrans (see also Figure 26),

Since the vagrant shrew was often observed hiding or resting

in Microtus nests, it is probable that an exchange of fleas occurred

there, Because Co curvata is a true shrew flea, however, its occur-

rence on the gray-tailed vole is considered accidental. Being a

hystrichopsyllid, Co curvata was somewhat more common in nests,

maintaining the usual pattern of spring and early winter peaks, No

specimens were obtained from subterranean nests, Remarkably, the

mole fleas Corypsylla ornatus C. Fox 1908 and Nearctopsylla

jordani Hubbard 1940 were never recovered from voles or vole nests

although both fleas were abundant on the Townsend mole, another

frequent nest occupant,

Hystrichopsylla occidentalis Holland 1949 (Figures 18 and 19)

According to Holland (1957), Hystrichopsylla occidentalis is the

smallest representative of its genus in North America; nevertheless,
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some females collected during the present study reached seven milli-

meters in length, making this the largest flea found on the gray-

tailed vole in the vicinity of Corvallis. Apparently, this species was

formerly confused with Ho gigas (Kirby) 1837 since Hubbard (1947)

lists only the latter as a parasite of small mammals in western

Oregon.

H. occidentalis ranges from southeastern Alaska to the moun-

tains of California, parasitizing a variety of small mammals, par-

ticularly Clethrionomys and Microtus (Hop la, 1964). In Corvallis,

this species occurred impartially on microtines, deer mice and

shrews (Figure 26), and was often found in company with Corypsylla

ornatus and Nearcto2sylla jordani on the Townsend mole, H.

occidentalis was predominately a winter flea in nests of the gray-

tailed vole. During the summer, small collections of two or three

individuals were obtained from three of the five subterranean nests.

As a rule, members of the genus Hystrichopsylla are capable

and efficient plague vectors and frequently are involved in maintaining

epizootics (Eskey and Haas, 1939; Prince, in Wayson, 1947; Public

Health Reports, 1950c; Kartman and Prince, 1956),

Monopsyllus wagneri (Baker) 1904 (Figures 20 and 21)

In one or another of its several subspecies, Monopsyllus

wagneri is a common parasite of Peromyscus throughout the western



25

United States (Hubbard, 1947; Jameson and Brennan, 1957; Hansen,

1964), By means of 2 x 4 contingency tests, this host preference was

shown to be statistically significant (P < 0. 005) in the Corvallis area

(see also Figure 26)0 Nevertheless, M. wagneri was a "regular

accidental" on the gray-tailed vole during the spring and early winter

months. Being a ceratophyllid, it did not show the preference for

nests characteristic of hystrichopsyllids (cf. Corrodopsylla curvata),

One male was recovered from a subterranean nest, and one female

was removed from an adult vole during the warm summer months.

Kartman and Prince (1956) were able to transmit plague to

albino laboratory mice using the nominate subspecies M, w, wagneri

(Baker) 1904, but this form had the lowest vector efficiency of all

wild rodent fleas tested (one success out of 61 trials). Most authors

regard M. wagneri as, at best, a potential plague vector (Es key and

Haas, 1939; Public Health Reports, 1950a, 1951; Allred, 1951, 1952;

Beck, 1955),

Nosopsyllus fasciatus (Bose d'Antic) 1801 (Figures 22 and 23)

The introduced European rat flea, Nosopsyllus fasciatus, now

occurs throughout North America wherever there are populations of

synanthropic rodents. It has also been carried to most other parts

of the world, but outside temperate zones it is usually confined to

ports and cities (Jordan, in Smart, 1965). In the present study,
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N, fasciatus occurred regularly on the gray-tailed vole at all three

sites, Though a ceratophyllid, it feeds only at long intervals

(Freeman, 1945; Pollitzer, 1954) and consequently was found most

often in nests.

Hubbard (1947) claimed that, in the western United States,

"infestation of this flea on rodents is at its minimum during winter

months. A sharp increase in number of the fleas can be noticed after

the middle of April and they are abundant and at their maximum

during hot summer months, then occurs a sharp decline in numbers

until winter minimum is reached." This description is directly

contradicted by the results of the Corvallis study. During August, a

single female was removed from a surface nest on the West Site; no

specimens were recovered from subterranean nests.

Figure 26 suggests that Norway rats exchanged fleas with the

Townsend vole more frequently than they did with the gray-tailed vole.

This may have been the case, as the nest chamber of the Townsend

vole is larger and this species prefers brushy areas that provide

shelter for rats, However, it should be noted that the largest colo-

nies of Norway rats and Townsend voles occurred together on the

North Site,

N, fasciatus has long been recognized as a capable and

moderately efficient vector of plague (McCoy, 1911; Bacot and

Martin, 1914; Bacot, 1915; Eskey and Haas, 1939, 1940; Burroughs,
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1947), Although sound evidence is lacking, it is quite possible that

this flea, together perhaps with Pulex irritans Linnaeus 1758, was

the principal vector in the great plague pandemic of Europe which

claimed 25,000, 000 lives--one-fourth the population of the continent- -

during the fourteenth century (Pollitzer, 1954; James and Harwood,

1969).

Peromyscopsylla selenis (Rothschild) 1906 (Figures 24 and 25)

Despite its generic name, Peromyscopsylla selenis is typically

a flea of microtine rodents (Jameson and Brennan, 1957), Working in

western Oregon, Hubbard (1947) collected this species most often

from the gray-tailed vole, while in the eastern half of the state

Hansen (1964) found it abundant on the long-tailed vole (Microtus

longicaudus (Merriam)) and montane vole (M. montanus (Peale)).

During the present study, Townsend voles appeared to be equally

suitable hosts (Figure 26). No specimens were recovered from deer

mice or shrews.

The temporal distribution of P. selenis within the Corvallis

area was unique in that the spring peak came later and the winter

peak earlier than those of all other species. Moreover, nest

infestations on the West Site were remarkably intense, occurring only

in May and October. Voles were uninfested between June and July,

but during this time one specimen was removed from each of three

subterranean nests,
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Rhadinopsylla spo

Members of this large and widespread genus are known from

both rodents and insectivores but have apparently never been found in

great numbers (Evans and Freeman, 1950). At Lawrence, Kansas,

Jameson (1947) collected a single Rhadinopsylla from the prairie vole

(Microtus ochrogaster (Wagner)) and suggested that, since the only

specimens in the University of Kansas Entomological Collections had

been taken from "mouse nests, " this was probably a common nest

flea. Earlier, Freeman (1942) had offered a similar explanation of

the rarity of British species. During the present study, four speci-

mens were collected from the gray-tailed vole:

one female, West Site, 5 February 1973, ex, nest;
one male, South Site, 8 December 1973, ex, adult male;
one female, South Site, 8 December 1973, ex, immature female;
one female, West Site, 8 December 1973, ex, adult male.

Though these limited data appear to contradict the nest flea hypothe-

sis, it is also possible that Rhadinopsylla is only accidental on the

gray-tailed vole, for in December 1973 twice as many fleas were

recovered from the bodies of 12 vagrant shrews.

Additional Parasites and Nest Associates

Regular parasites of the gray-tailed vole other than fleas

included two species of hard ticks (Ixodidae) and an undetermined

number of chiggers (Trombiculidae) and laelapid mites (Laelapidae).
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During the fall, voles were frequently infested with the third -ins tar

larvae of bot flies (Cuterebridae). Surface nests sheltered many

scatophagous beetles and flies as well as predacious rove beetles

(Staphylinidae) and ants (Formicidae). It is interesting to note that

when the two latter groups were especially abundant, adult fleas

were often scarce and their larvae virtually absent. Those parasitic

and commensal arthropods that have been identified at least to genus

are listed in Appendix B.
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DISCUSSION

Examination of Figures 4 through 11 reveals no consistent

relationship between the phenology of Microtus canicaudus and that of

its fleas, In 1973, April and September were the two peak months in

the reproductive cycle of the gray-tailed vole, However, while the

first peak for fleas corresponded with that of their host, the second

was completely out of phase, occurring almost invariably in Decem-

ber, The fact that the second larval peak was not reached before

October also attests to the independence of host and parasite popula-

tions. Summer dispersal of young voles could not have reduced flea

counts because at that time smaller animals were very seldom infested

(see below),

The argument that wild rodent flea populations are regulated

chiefly by temperature and humidity has been repeatedly confirmed

in the laboratory, Working with several species of unfed adult fleas,

Leeson (1932a) demonstrated that high temperatures and low humidi-

ties tend to shorten life while, conversely, low temperatures and

high humidities prolong life. This is especially true of the lightly

sclerotized preimaginal stages of fleas which are extremely sensitive

to the saturation deficiency or drying power of the air. Petrie and

Todd (1923), Uvarov (1931), Mellanby (1933), Edney (1947), Sharif

(1948) and Humphries (1967) all observed that at high saturation
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deficiencies there is a pronounced increase in the death rate among

larvae and pupae. Using a humidity gradient, Yinon et al. (1967)

were able to show that larvae of Xenopsylla cheopis prefer a relative

humidity of 100% at 30°C.

Although the present study is based on only one year of field

work, reasonably strong correlations were obtained between monthly

meteorological changes and changes in the size of nest and host flea

populations (Table 2). As expected, all correlations with tempera-

ture were negative while those with atmospheric moisture were posi-

tive. Since relative humidity data are not available for Corvallis,

precipitation was used as an alternate measure of dampness. For-

tunately, the climate of the Willamette Valley is such that changes in

humidity and precipitation generally coincide. Because the fleas of

the gray-tailed vole are primarily nest inhabitants (Table 1), stronger

correlations were more often obtained for fleas in nests than for

those temporarily on their host. In all but one case, correlations

between flea counts and the meteorological conditions of the previous

month were substantially lower, indicating that the relationship

between fecundity and weather is probably quite close.

The percentage of infested nests or hosts and the average

number of fleas per nest or host correspond respectively to the indices

of extensity and intensity introduced by Janion (1968) and adopted in

the following form by Lundqvist (1974):



Extensity

Intensity =

number of nests (or hosts) infested by
a given flea species

total number of nests (or hosts)

total number of specimens of a given
flea species

total number of nests (or hosts)
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Indices computed on a yearly basis for the seven most abundant fleas

of the gray-tailed vole are presented in Table 3, As an illustration

of how this table may be interpreted, Atyphloceras multidentatus

occurred in 68% of all nests and on 18% of all voles with an average

of 110 9 specimens per nest and .27 specimens per vole. Such indices

are of value when attempting to assess the relative abundance of a

given flea species. For example, Monopsyllus wagneri and

Nosopsyllus fasciatus were found in an equal number of nests but

where N. fasciatus occurred its numbers were generally higher.

Again, Corrodopsylla curvata was collected from as many nests as

Peromyscopsylla selenis, but since Co curvata is specific to shrews

its numbers were almost always lower.

Taking the 12-month collecting period as a whole, Table 3 shows

that for all flea species the extensity and intensity of vole infestations

were uniformly low. Of 377 comparable voles collected during this

time, only 198 (52.6%) were infested and of these 119 (60.1%)

carried one flea species, 59 (29.8%) carried two, and only 20 (10, 1 %)

carried three or more. Such low infestation rates suggest that
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competition on the host animal is not a factor in determining species

abundance; rather, the complex web of selective pressures and biotic

relationships characteristic of the nest probably constitutes the

regulatory mechanism.

While examining the pelage of individual voles, it became

apparent that most fleas are found in the long, dense hair of the

dorsal and dorso-lateral surfaces and are often concentrated at the

nape of the neck or around the base of the tail. Few fleas were

removed from the head, ears and venter, areas in which the hair is

much shorter and subject to vigorous preening. Only Catallagia

charlottens is and Monopsyllus wagneri were found with any degree

of regularity on the ventral surface; larger species were almost

always absent, though three Atyphloceras multidentatus and one

Hystrichopsylla occidentalis were recovered from the anal and genital

areas of four adult voles. While inaccessibility is probably of funda-

mental importance in determining the pattern of flea distribution on a

host, allowance must also be made for the possibility of a geotactic

response°

Much thought and research have been directed toward explaining

the predominance of females in both wild and domestic flea popula-

tions° In experiments with Xenopsylla cheopis, Leeson (1932b)

observed that females were more common at the beginning of an

emergence period but males were more common at the end. For this
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reason, Hirst (1926) warned against premature population sampling.

Alternatively, Holland (1949) and Evans and Freeman (1950) argue

that in several species females outlive males with the result that

females are always more abundant. This view was adopted by

Benton and Altmann (1964) to explain their finding that when popula-

tions of Epitedia wenmanni (Rothschild) 1904 on Peromyscus spp.

were increasing males made up 40% of all collections, but when

populations were decreasing males made up only 25%. On the other

hand, Parker (1958) recorded a predominance of male Thrassis

bacchi gladiolis (Jordan) 1925 and Hoplopsyllus anomalus on antelope

ground squirrels only when infestation rates were low.

Greater numbers of females on hosts have been regarded as a

sign that females require more blood than males (Jordan, in Benton

and Altmann, 1964). In support of this theory, Evans and Freeman

(1950) point out that females will not lay eggs unless they have fed at

least once and will not continue to lay unless they continue to feed.

Behavioral differences between the two sexes were demonstrated by

Buxton (1938) who placed equal numbers of males and females in the

nest of a mouse and consistently obtained more females from the host,

Morlan (1955) has argued that sex ratios are a function of

seasonal changes in reproductive activity which, in turn, are depen-

dent on climate. In a study of live rats infested with Xenopsylla

cheopis, Cole (1945) discovered that at temperatures below 70°F
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female fleas outnumbered males but above 75°F this pattern was

reversed. In Florida, Layne (1963) noted a similar trend during

cooler months when higher numbers of female Polygenis floridanus

Johnson and Layne 1961 were collected from the Florida mouse

(Peromyscus floridanus (Chapman )),

Yearly sex ratios for the seven most abundant fleas of the

gray-tailed vole are listed in Table 5; in addition, monthly ratios for

the two principal species are graphed in Figures 27 to 30. In all

cases, nest ratios are probably more accurate. As expected, females

generally outnumbered males, though in Hystrichopsylla occidentalis

and Monopsyllus wagneri the sexes appear to be about equally repre-

sented. In the case of Atyphloceras multidentatus, there was some

evidence (Figure 27) of an increase in the number of females during

early winter. Numbers of male Catallagia charlottensis equaled or

exceeded those of females in June and July (Figures 29 and 30); how-

ever, the relative frequency of females did not increase substantially

during cooler months. It seems probable that different factors or

combinations of factors influence the observed sex ratios of different

flea species. Unfortunately, research on genetic or physiological

mechanisms possibly underlying these ratios has not yet begun.

By means of contingency tests, it was possible to determine

whether flea infestations were dependent on particular attributes of

individual voles, such as sex, size and age. The results of these
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tests are given in Table 6° In all cases, the variety of contingency

test used was the log likelihood ratio or G-test (Sokal and Rohlf, 1973).

Values of G were compared with one of the following critical values of

X2 at P = 0.05g for one degree of freedom, 3.841; for two degrees of

freedom, 5.991; for four degrees of freedom, 9.488. The absence of

a significant difference in infestation between the sexes probably is

related to the small size of this microtine and the fact that few voles

carried more than one flea; those carrying two or more were almost

always much larger individuals collected during cooler months.

Ventral surface area was the most sensitive index of the relationship

between size and flea infestation. Weight, on the other hand, failed

to reveal this relationship, perhaps because of its dependence on sex

and season. Finally, the indifference of fleas to sexually mature or

pregnant animals is further evidence of the independence of host and

parasite reproductive cycles.

Several mathematical models have been proposed to describe

the distribution of organisms in space, but in parasitological work the

negative binomial is usually most appropriate (Crofton, 1971a),

Specifically, this distribution can arise (1) as a result of a series of

exposures to parasites in which each exposure is random and the

chances of acquiring parasites differ at each exposure, (2) as a

result of nonrandom distribution of parasites, (3) as a result of

differences between individual hosts that affect the chances of
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acquiring parasites, and (4) as a result of a change with time in the

chances of being parasitized. The negative binomial is described by

two parameters, the mean and the exponent k, and is fit to contagious

(over-dispersed or clumped) populations in which the variance always

exceeds the mean, When the dispersion parameter k is small, the

degree of clumping is great and the variance is much larger than the

mean, but as k increases the distribution becomes more random,

gradually approaching a Poisson series in which the variance equals

the mean.

Among the many methods of calculating k are the following

three discussed by Southwood (1971):

(1)

(2)

(3)
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s
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In = Napierian logs

Ax = the sum of all frequencies of sampling units bearing
more than x parasites
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Unless the mean is quite low, formula (1) is not reliable when k 15- 3,

that is, when populations show a moderate degree of clumping. For

this reason, formula (1) is usually used only to describe low density

populations. Formula (2) is applicable to most populations with very

small means but to large ones only when there is extensive clumping.

Generally, about one-third of the hosts must be free of parasites if

the mean is below ten, and as the mean increases greater numbers

of hosts must fall into the zero class, Formula (3) is more accurate

than either (1) or (2) but is also subject to bias when the mean is

very small and k very large.

Once values of k have been obtained, the negative binomial

population model can be fit in three ways to the observed frequency

distribution. Expected frequencies are calculated by:

I 111±x) 'x k -k
Px x! r(k) "SE + k k +

where Px is the probability of a host bearing x parasites and the

values x! and r(k) are obtained from tables of factorials and of log

gamma functions respectively (Southwood, 1971), Expected and

observed frequency distributions are compared by a X2 which has

three fewer degrees of freedom than the number of comparisons that

are made,

In Tables 7 through 15, negative binomial distributions are fit

to the observed frequency distributions of .Atyphloceras multidentatus,
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Catallagia charlottensis and fleas collectively on 377 comparable

voles. Because formulas (2) and (3) for the calculation of k must be

made to balance by the time-consuming method of iteration, all models

were generated by computer. In order to obtain the best possible

fit, each of the three observed frequency distributions was assigned

two values of G, the expected frequency below which all classes were

pooled. In addition, each distribution was subjected once to trunca-

tion by removal of the zero class which is by far the largest class in

every case. All k values are compared in Table 16 where the best

value in each category is underscored.

It is clear that the fleas of the gray-tailed vole are very con-

tagiously distributed. All three formulas for k led to the best fit an

equal number of times and only once was the difference between

expected and observed frequencies significant at P < 0.05. On the

other hand, the fit of the negative binomial to the frequencies for zero

and one flea per host was seldom close--an indication of topheaviness

in these classes. Consequently, the best distributions were almost

always truncated,
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SUMMARY

The results of this study indicate that in the vicinity of Corvallis

the fleas of the gray-tailed vole experience spring and early winter

population peaks followed by drastic summer and midwinter declines.

The summer decline is especially severe and at this time fleas are

generally confined to subterranean nests. Clearly, this cycle does not

correspond with that of the vole itself which breeds principally from

spring to fail, producing only an occasional litter over the winter

months.

Catallagia charlottensis (Baker) 1898 was by far the most abun-

dant flea parasitizing the gray-tailed vole in the Corvallis area and

was the only species consistently recorded from voles and surface

nests over the warm summer months. Although common on the

vagrant shrew, its preferred hosts appear to be microtines and deer

mice.

Atyphloceras multidentatus (C. Fox) 1909 was the second most

abundant flea encountered during this study, but in the summer it

completely disappeared from voles and surface nests. This species

accepts a variety of hosts including insectivores.

Corrodopsylla curvata (Rothschild) 1915 is specific to soricids,

and in the present study contingency tests demonstrated a statistically

significant preference for the vagrant shrew. The occurrence of this

flea on the gray-tailed vole is considered accidental.
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Hystrichopsylla occidentalis Holland 1949 was the largest flea

found on the gray-tailed vole and occurred impartially on microtines,

deer mice and shrews. In nests of the gray-tailed vole, H. occiden-

talis was predominately a winter flea.

Monopsyllus wagneri (Baker) 1904 was a common parasite of

deer mice on all three study sites and was a "regular accidental" on

the gray-tailed vole during the spring and early winter months. Being

a ceratophyllid, it did not show the preference for nests characteris-

tic of hystrichopsyllids.

The introduced European rat flea, Nosopsyllus fasciatus (Bosc

d'Antic) 1801, passed regularly from Norway rats to microtines during

the spring and early winter months, Apparently, Norway rats

exchanged fleas more often with the Townsend vole than with the gray-

tailed vole, perhaps because the nest chamber of the Townsend vole

is larger and this species prefers brushy areas that provide shelter

for rats°

Peromyscopsylla selenis (Rothschild) 1906 is typically a flea of

microtine rodents. In the present study, this species occurred with

equal frequency on gray-tailed and Townsend voles but was absent on

deer mice and shrews. The temporal distribution of P. selenis

within the Corvallis area was unique in that the spring peak came later

and the winter peak earlier than those of all other species.
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During the winter of 1973, four specimens belonging to an

unidentified species of Rhadinopsylla were recovered from bodies of the

gray-tailed vole. Larger collections from the vagrant shrew suggest

that this rare flea may be specific to insectivores.

The midsummer decline in vole reproduction recorded in 1973 is

thought to have resulted from drought. During years of normal pre-

cipitation, voles probably breed throughout the warmer months.

Fleas, however, are extremely susceptible to even slight changes in

the drying power of the atmosphere, and it is therefore likely that

their numbers decline sharply every summer. Prolonged cold pro-

bably produces the same effect. Nevertheless, had this study been

conducted during a "normal" year, it would be reasonable to expect

at least a slight upward shift in the number of summer fleas and

perhaps also a higher spring population peak,



43

F IGURES



Figure 1. North Corvallis collecting site,



Figure 2, West Corvallis collecting site,



Figure 3. Collecting panel in position on the West Site,
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Figure 40 Comparison of mean testis and body weights of adult gray-tailed voles weighing 25 grams
or more.
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Figure 10, Mean number of adult and larval fleas per nest on the South Site,
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Table 1. Composition of the adult flea population of the gray-tailed
vole.

Flea Species
Nests Hosts

No.
Percent

(approx. )
No.

Percent
(approx. )

Atyphloceras multidentatus 2550 41 100 20

Catallagia charlottensis 3291 53 252 49

Corrodopsylla curvata 32 0.5 11 2

Hystrichopsylla occidentalis 212 3 25 5

Monopsyllus wagneri 36 0.5 44 8.5

Nosopsyllus fasciatus 71 1 14 3

Peromyscopsylla selenis 57 1 62 12

Rhadinopsylla sp. 1 0 3 0.5

Totals 6250 100 511 100
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Table 2, Correlation coefficients for monthly meteorological changes
and changes in the size of nest and host flea populations.

Nests

Mean no, fleas and Mean temperature -0.8665

Mean no, fleas and Mean temperature (previous month) -0.6778

Mean no, fleas and Total precipitation +0.8241

Mean no. fleas and Total precipitation (previous month) +0,7682

Hosts

Mean no, fleas and Mean temperature -0.7189

Mean no, fleas and Mean temperature (previous month) -0.5526

Mean no. fleas and Total precipitation +0.7155

Mean no, fleas and Total precipitation (previous month) +0.8504
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Table 3, Indices of extensity and intensity.

Flea Species Nests Hosts
Extensity Intensity Extensity Intensity

Atyphloceras multidentatus 0.68 11.90 0.18 0.27

Catallagia charlottens is 0.91 15.40 0.33 0.67

Corrodopsylla curvata 0.09 0.15 0.02 0.03

Hystrichopsylla occidentalis 0.21 0. 99 0.06 0.07

Monopsyllus wagneri 0.10 0.17 0.07 0.12

Nos opsyllus fasciatus 0.10 0.33 0.04 0.04

Peromyscopsylla selenis 0.09 0.26 0.08 0.16



Table 40 Yearly sex ratios for the seven most abundant fleas of the gray-tailed vole,

Flea Species
Nests Hosts

Males Females Ratio
(*fin)

Males Females Ratio
(cM/7?)No, %* No. %* No. %* No. %*

Atyphloceras multidentatus 893 35 1657 65 0054 29 29 71 71 0.41

Catallagia charlottensis 1416 43 1875 57 0,76 91 36 161 64 0056

Corrodopsylla curvata 14 44 18 56 0,78 8 73 3 27 2.70

Hystrichopsylla occidentalis 103 48 109 52 0.94 13 52 12 48 1.10

Monopsyllus wagneri 20 55 16 45 1020 19 43 25 57 0,76

Nos opsyllus fas ciatus 34 48 37 52 0,92 2 14 12 86 0.17

Peromyscopsylla selenis 24 42 33 58 0,73 23 37 39 63 0059

*Approximate values,



Table 5. Tests of association between flea infestation and particular attributes of the gray--tailed vole.

Attribute Test
Degrees of
Freedom

Results

Sex
(mature, 25 g +) 2 x 2 1

Independent; G = 0.358; P > > 0.05

Sex
(all ages and weights) 2 x 2 1

Independent; G = 0.904; P >> > 0.05

Physiological age
(mature vs. immature) 2 x 2 1

Independent; G = 0.034; P > > 0.05

Pregnancy
(pregnant vs. nonpregnant) 2 x 2 1

Independent; G = 0. 372; P > > 0.05

Head and body length
(5-100 mm, 101-110 mm,

> 110 mm) 2 x 3 2 Dependent; G = 8.846; P < 0.025

Ventral surface area
(f- 1500 mm2, 1501-1750 mm2,

> 1750 mm2) 2 x 3 2 Dependent; G = 13. 722; P < 0.005

Weight
(f- 20 g, 21-30 g, > 30 g) 2 x 3 2 Independent; G = 1.706; P > 0.05

Weight
(5- 15 g, 16-20 g, 21-25 g,

26-30 g, > 30 g) 2 x 4 4 Independent; G = 6. 170; P > 0.05
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Table 6. Negative binomial distributions fit to the observed frequency
distribution of Atyphloceras multidentatus on 377 comparable
voles. G = 1; not truncated.

No. Fleas
No. Hosts

Observed
Expected

1
k

2
k

3

0 309 306.6374 308.7826 308.5002

1 44 49.8675 47.1454 47.4983

2 18 13.8530 13,7375 13.7570

3 4 4.3801 4.6381 4.6066

4 1 1.4690 1.6731 1.6467

5 1 0.7929 1.0233 0.9912

6 0

7 0

8 0

9 0

10+ 0

Mean 0.2679

Variance 0.4413

k Value 0.41384 0.35500 0.36202

Chi-square 2.1868355 1.8917037 1.9010235

Degrees of freedom 3 3 3
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Table 7. Negative binomial distributions fit to the observed frequency
distribution of Catallagia charlottensis on 377 comparable
voles. G = 1; not truncated.

No. Fleas
No. Hosts

Observed
Expected

kl k
2

k
3

0 251 259.1279 251.1554 253.4279

1 77 60.5031 67.3320 65.3441

2 22 26.5775 28.9713 28.2901

3 9 13.4979 14.0319 13.8991

4 6 7.3181 7.1755 7.2344

5 7 4.1183 3.7857 3.8921

6 0 2.3740 2.0382 2.1394

7 2 1.3918 1.1131 1.1938

8 1 2.0915 1.3969 1.5791

9 1

10+ 1

Mean 0.6578

Variance 1.8533

k Value 0.36196 0.45250 0.42405

Chi-square 12.3286353 12.3763963 11 ,8824064

Degrees of freedom 6 6 6
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Table 8. Negative binomial distributions fit to the observed frequency
distribution of all flea species on 377 comparable voles.
G = 1; not truncated.

No. Fleas
No. Hosts

Observed
Expected

kl k
2

k
3

0 179 194.8259 178.8911 183.1283

1 86 71.6975 80.6654 78.2468

2 52 39.3651 45.1802 43.5790

3 20 2.3.9887 26.9493 26.1546

4 11 15.3422 16.5652 16.2622

5 10 10.0901 10.3631 10.3223

6 3 6.7577 6.5586 6.6412

7 3 4.5841 4.1849 4.3139

8 4 3,1393 2.6866 2.8221

9 4 2.1656 1.7329 1.8564

10 2 1.5027 1.1219 1.2264

11 1 1.0476 2.1009 2.4468

12 1 2.4936
13 0

14 0

15 0

16 0

17 0

18 0

19 0

20 1

Mean 1.3634

Variance 5.0511

k Value 0.50407 0.67375 0.62230

Chi-square 14.7781608 12.0033085 11.6262368

Degrees of freedom 10 9 9
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Table 9. Negative binomial distributions fit to the observed frequency
distribution of Atyphloceras multidentatus on 377 com-
parable voles. G = 0; truncated.

No. Fleas
No. Hosts

Observed
Expected

k k
3

1
k

2

0 44 44.6478 43.9618 44.3180

1 18 16.3895 17.2984 16.8222

2 4 5.0043 500396 500249

3 1 1.4250 102966 1.3655

4 1 0.3911 0.3115 0.3527

5 0 0.1049 000717 0.0882

6 0 0.0277 0.0160 0.0216

7 0 0.0072 0.0035 0.0052

8 0 0.0019 0.0008 0.0012

9 0 0.0006 0.0002 0.0004

Mean 0.4853

Variance 0.6416

k Value 1.50700 2.08000 1.74250

Chi-square 1.5863500 lo 9245513 1.6964298

Degrees of freedom 7 7 7



Table 10, Negative binomial distributions fit to the observed fre-
quency distribution of Catallagia charlottensis on 377
comparable voles. G = 0; truncated.

No, Fleas
No, Hosts

Observed
Expected

1
k k

3

0

1

2

77

22

9

7405795

23,5025

11.6298

7700421

2108077

1008027

76,7286

22,0201

1009064

3 6 6.4515 6.1157 601592

4 7 307721 306786 3,6921

5 0 202733 202908 2.2902

6 2 1.3972 1.4590 1.4523

7 1 0,8707 0,9440 009354

8 1 0.5482 0.6179 0.6095

9 1 0,9752 1,2416 102061

Mean 0. 9683

Variance 2.9750

k Value 0.46719 0.40000 0.40788

Chi-square 6.4885838 6.0815673 6.0885154

Degrees of freedom 7 7 7

84
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Table 11. Negative binomial distributions fit to the observed fre-
quency distribution of all flea species on 377 comparable
voles. G = 0; truncated,

No. Fleas
No. Hosts

Observed
Expected

kl k
2

k
3

0 86 94.9790 86.0515 89.6271
1 52 37.6543 42,0268 40.2654
2 20 21.6144 24.8457 23.5102
3 11 13.6865 15.5398 14.7821
4 10 9.0715 9.9856 9.6260
5 3 6.1737 6.5193 6.3980
6 3 4.2747 4.3009 4.3099
7 4 2.9959 2.8584 2.9309
8 4 2.1187 1.9102 200072

9 2 1.5088 1.2820 1.3821
10 1 1,0804 0.8634 0,9559
11 1 0.7772 0.5830 0.6634
12 0 0.5611 0.3946 0.4618
13 0 0.4064 0.2676 003222

14 0 0.2951 0.1818 0.2253
15 0 0.2148 0.1237 0.1578
16 0 0.1567 0.0842 0.1108
17 0 0.1145 0.0574 0,0778
18 0 0.0838 0.0392 0.0548
19 1 0.2324 0.0849 0.1.313

Mean 1.5960

Variance 6.4248

k Value 0.52748 0.70375 0062526

Chi-square 15.6730234 21.4046443 17.2498995

Degrees of freedom 17 17 17



86

Table 12. Negative binomial distributions fit to the observed fre-
quency distribution of Atyphloceras multidentatus on 377

comparable voles, G = 0; not truncated,

No. Fleas
No, Hosts

Observed
Expected

k
1

k
2

k
3

0 309 306.6374 308.7826 308.5002

1 44 49.8675 47,1454 47.4983

2 18 13.8530 13,7375 13.7570

3 4 4.3801 4.6381 4.6066

4 1 1.4690 1.6731 1.6467

5 1 0,5096 0.6268 0,6110

6 0 0,1807 0.2406 0,2322

7 0 0.0651 0.0939 0,0898

8 0 0,0237 0,0371 0,0351

9 0 0,0087 0.0148 0.0139

10+ 0 0.0051 0,0100 0,0092

Mean 0.2679

Variance 0.4413

k Value 0.41384 0.35500 0.36202

Chi-square 2.8879404 2.5099838 2.5288784

Degrees of freedom 8 8 8
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Table 13, Negative binomial distributions fit to the observed fre-
quency distribution of Catallagia charlottensis on 377

comparable voles, G = 0; not truncated,

No, Fleas
No, Hosts

Observed
Expected

kl k

0 251 2590 1279 25101554 253°4279

1 77 60.5031 6703320 65.3441

2 22 260 5775 280 9713 2802.901

3 9 13,4979 1400319 13.8991

4 6 70 3181 7.1755 7.2344

5 7 40 1183 3.7857 3,8921

6 0 2,3740 20 0382 201394

7 2 1.3918 1.1131 10 1938

8 1 0.8262 0,6143 006736

9 1 0.4952 00 3418 0,3834

10+ 1 007701 0,4408 0.5221

Mean 00 6578

Variance 10 8533

k Value 0,36196 0045250 0.42405

Chi-square 12.5538454 12.7556870 120 1912021

Degrees of freedom 8 8 8
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Table 14, Negative binomial distributions fit to the observed fre-
quency distribution of all flea species on 377 comparable
voles. G = 0; not truncated,

No, Fleas
No, Hosts

Observed
Expected

k
1

k
2

k
3

0 179 194.8259 178.8911 183.1283

1 86 71.6975 80.6654 78.2468

2 52 39.3651 45.1802 430 5790

3 20 23.9887 26.9493 26.1546

4 11 15,3422 16.5652 16,2622

5 10 10.0901 10.3631 10.3223

6 3 6.7577 6.5586 6.6412

7 3 4.5841 4.1849 4.3139

8 4 3.1393 2.6866 20 8221

9 4 2.1656 1.7329 1.8564

10 2 1.5027 1.1219 1.2264

11 1 1.0476 0,7286 0.8132

12 1 0.7332 004744 0.5408

13 0 0.5149 0.3095 0.3605

14 0 0.3626 0,2023 0.2408

15 0 0.2560 0.1325 0.1612

16 0 0.1811 0.0868 0.1081

17 0 0.1284 0.0570 0.0726

18 0 0.0911 0.0375 0.0488

19 0 0.0648 0.0246 00 0328

20 1 0.1616 0.0477 0.0681

Mean 1.3634

Variance 5.0511

k Value 0.50407 0.67375 0.62230

Chi-square 20.7273663 32.1796904 25°7152032

Degrees of freedom 18 18 18



Table 15. Comparison of k values for all negative binomial distributions.

G = 1; G= 0;
not truncated truncated

G = 0;
not truncated

Atyphloceras multidentatus ki = 0.41384 k
1

= 1.50700 k
1

= 0.41384

k2 = 0.35500 k
2

= 2.08000 k
2

= 0.35500

k
3

= 0.36202 k3 = 1.74250 k
3

= 0.36202

Catallagia charlottensis k
1

= 0.36196 k
1

= 0.46719 k
1

= 0.36196

k2 = 0.45250 k2 = 0.40000 k
2

= 0.45250

k3 = 0.42405 k
3

= 0.40788 k
3

= 0.42405

All species k
1

= 0.50407 k
1

= 0.52748 k
1

= 0.50407

k
2

= 0.67375 k
2

= 0070375 k2
= 0.67375*

k3 = 0.62230 k3 = 0.62526 k
3

= 0.62230

Significant at P < 0.05.
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APPENDIX A

CLIMATOLOGICAL DATA FOR CORVALLIS, OSU STATION,
DECEMBER 1972 - JANUARY 1974

Month
Average

Temperature
( °F)

D. N.
Total

Precipitation
(in. )

D. N,

Dec 72 34.5 -7.3 9.33 2.76

Jan 73 3800 -104 5056 -0,74

Feb 44.7 108 1.65 -3.14

Mar 44.8 -1.7 3.63 -0.49

Apr 4908 -10 9 1.75 -0029

May 56.8 -O. 2 0.85 -0.95

June 61.5 -0.1 1.38 0.14

July 67.0 0.4 0.02 -0.29

Aug 63,8 -206 0.70 0032

Sept 6206 -0.1 2052 1027

Oct 52.4 -200 2070 -0082

Nov 4308 -106 18028 12093

Dec 4307 1.9 12040 5083

Jan 74 3604 -204 11,59 4,53

Departures from normal

Source: Climatological Data - Oregon, U.S. Department of Com-
merce, National Oceanic and Atmospheric Administration,
Environmental Data Service, Asheville, North Carolina
28801.
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APPENDIX B

ADDITIONAL PARASITES AND NEST ASSOCIATES

Ixodidae
Ixodes angustus Neumann
Ixodes soricis Gregson

Coleoptera

Carabidae
Pterostichus algidus Le Conte
Microlestes sp,
Tachys sp.
Trechus sp.

Ptiliidae
Acratrichis sp.

Leptinidae
Leptinus americanus Le Conte

Leptodiridae
Catops basilaris Say
Catoptrichus frankenhaeuseri Mannerheim
Nemadus pusio Le Conte
Ptomaphagus thomomysi Hatch

Staphylinidae
Aploderus linearis Le Conte
Astenus longiusculus Mannerheim
Lithocharis ochracea Gravenhorst
Megalinus linearis Olivier
Oxytelus vergrandis Casey
Proteinus limbatus M.k1in
Rugilus oregonus Casey
Arpedium spp. (2)
Atheta spp. (2)
Elonium sp.
Oxypoda sp.

Scydmaenidae
Scydmaenus sp.
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Cryptophagidae
Cryptophagus sp.

Scarabaeidae
Aphodius cribratulus A. Schmidt
A phodius haemorrhoidalis Linnaeus
Aphodius pardalis Le Conte

Diptera

Sphaeroceridae
Leptocera spp.

Cuterebridae
Cuterebra spp. (C. grisea Coquillett and/or

C. angustifrons Dalmat)


