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PROTOZOAN, HEUlINTH AND ARTHROPOD PARASITES OF 

THE GRAY SQUIRREL IN SOUTHWESTERN VIRGINIA 

An investigation into the parasites of the gray squirrel, Sciurus 

carolinensls penns~lvanicus Ord, 1815, in Virginia was begun in Septem

ber, 1966, at Virginia Polytechnic Institute and State University. The 

study involved a qualitative and quantitative survey of all parasites 

of squirrels collected In ~bntgomery, Craig and Giles counties of south

western Virginia. 

From September, 1966, to July, 1969, a total of 176 squirrels were 

collected (87 males and 89 females). No fewer than ten squirrels were 

taken for each month of the year (Table I). Since most specimens were 

from MOntgomery county and only a few from Giles and Craig counties, all 

will be considered together. It is not feasible to compare host-parasite 

data on the basis of individual counties due to the large differences in 

the numbers of hosts collected in each county. 

The squirrels were taken by shooting or by live trapping in box 

traps (~bsby, 1955). Upon collection, cardiac blood samples were taken, 

blood smears made on glass slides and the carcass placed immediately in

to a plastic bag to be returned to the laboratory. In the laboratory 

the animals were examined for protozoa, helminths and arthropods (ecto

parasites). Since the literature, materials and methods vary with the 

several phases of the problem, they are discussed in the appropriate 

places in the text. 
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TABLE I. Numbers of gray squirrels collected for study of parasites 
from the counties of Montgomery, Giles and craig of southwestern Vir-
ginia, September, 1966-JulYt 1969 

~nth 
l-t)ntgomerx Count~ Giles Count! CraiS Count! Total 
males females males females males females 

January 3 3 0 0 3 1 10 

February 7 9 0 0 0 0 16 

t-1arch 5 5 0 0 0 0 10 

April 8 6 0 0 0 0 14 

Hay 5 6 0 0 0 0 11 

June 8 4 0 0 0 0 12 

July 9 2 0 0 0 0 11 

August 5 7 0 0 0 0 12 

September 14 20 0 0 0 0 34 

October 9 12 0 1 0 0 22 

November 4 4 3 2 0 0 13 

December 1 4 1 1 2 2 11 

Total 78 82 4 4 5 3 176 
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The host, Sciurus carolinensis, is a mammal of the order Rodentia, 

suborder Sciuromorpha and family Sciuridae. It is commonly referred to 

as the gray squirrel, eastern gray squirrel. common gray squirrel or 

cat squirrel. In Virginia, Shipley (1941) and Cross (1942) proposed the 

Appalachian Mountains to be the geographic barrier between the southern 

subspecies, Sclurus carolinensis carolinensis, on the southeast and the 

northern subspecies, ~. £. penns~lvanlcus, on the northwest. It is 

apparent that gradations between these occur and that there is an inter

gradation of subspeclfic characters across this boundary. 

According to Hall and Kelson (1959) the measurements of the gray 

squirrel vary from 430 to 500 mm for total length, 210 to 240 mm for 

tall length and 60 to 70 mm for hind foot length. Their list of weights 

varied from 400 to 710 grams. Apparently these data represent a set of 

averages from samples taken over the range of the species rather than 

the variation for the total measurements made. 

Uhlig (1955) indicated that there was little difference in weight 

between the sexes of adult squirrels of West Virginia and some other 

states. Also squirrels at higher elevations appeared to weigh more 

than those of lower elevations~ His weight data on squirrels from 

various states indicated a north-south cline in average weights, with 

the heavier squirrels to the north and the lighter ones to the south. 

Also the weIght gradient appeared steeper in areas where the southern 

and northern subspecies intergrade. This weight cline Is in agreement 

with Bergma.nn's principle. 

In the present study, a number of adult male and female squirrels 

were measured and weighed (Table II). The averages of these data show 
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TABLE II. ~1easurements of adult gray squirrels, Sclurus carollnensis, 
collected in southwestern Virginia, September, 1966-July, 1969 

Number 
measured Size ran~e 

males females males females 

Total length 21 26 402-530 mm 402-550 mm 
Avg. 469 mm Avg. 469 mm 

Tall vertebrae length 20 27 175-255 mm 170-230 mm 
Avg. 209 rom Avg. 207 mm 

Hind foot length 22 28 60-70 mm 56-69 mm 
Avg. 66 nun Avg. 65 mm 

Ear length 22 27 30-35 mm 29-35 nun 
Avg. 32 mm Avg. 32 mm 

Weight 48 53 442-612 g 370-646 g 
Avg. 518 g Avg. 518 g 
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no appreciable dlfferences in standard measurements and weights between 

the sexes and indicates a standard size of adult animals for ~~ntgomery 

County, Virginia. 

The mean weights and measurements of 18 male and 19 female adult 

gray squirrels from Georgia (Galley, 1962) were consistently less than 

those included in the present study, but the weights of 28 males and 24 

females from Blacksburg, Virginia (Uhlig, 1955) were not significantly 

different. Average weights given for localities at higher latitudes 

(Uhlig, 1955) were consistently greater. 

The evolutionary history of North American sciurld rodents Is poor

ly known. According to Bryant (1945), there are few fossil sciurlds 

from deposits older than the Upper Miocene. It is Bryant's opinion that 

the family probably originated during the Eocene. Apparently the family 

has been derived from the protrogomorphs and appears more closely relat

ed to the family Paramyldae (Black, 1963; Wilson, 1949, 1960; Wood, 1955, 

1959, 1962) than to any other family of rodents. Also, no other family 

of primitive rodents possess features which appear to be possibly ances

tral to the Sclurldae (Bryant, 1945). HOore (1959) indicates that the 

ancestors of the northeastern gray squirrel probably evolved in the Old 

World rather than the New. If this is the case, ancestral tree squirrels 

must have come across the land bridge where the Bering Strait now separ

at~s Siberia and Alaska. It also seems possible that the most recent 

crossing of the Bering land bridge by tree squirrels could have been as 

long ago as the Pliocene (MOore, 1959). Black (1963) concluded that 

squirrels could have moved either of the two directions across the 

Bering land bridge and leans more toward their having arisen in the 
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Nearctic region. 

The present distribution of the gray squirrel is closely correlated 

with the distribution of the deciduous forest blome of eastern North 

America and adjacent areas. They are especially attracted to oak and 

hickory hardwood stands and, formerly, to chestnuts. According to 

Bakken (1959), the utilization of foods by gray squlrr~ls varies with 

the availability. Such foods as acorns, hickory nuts, beech nuts, 

walnuts, maple samaras, elm seeds, fruits, berries, buds and agricultur

al crops vary in importance with seasonal availability. Sometimes meat 

or insects are eaten, but this usually accounts for a small percentage 

of the diet. 

The gray squirrel has been successfully introduced beyond the range 

of its original habitat. These areas include Colorado and North Dakota 

(Bakken, 1959), British Columbia (Robinson and Cowan, 1954), Saskatche

wan (Nero, 1958), South Africa (Davis, 1950) and England. According to 

Shorten (1959), major introductions of the gray squirrel in England took 

place between 1876 and 1929. At least thirty releases took place with 

the most important c~nter at Woburn Abbey In Bedfordshlre. Most of 

these releases were successful in establishing thriving colonies. 

CUrrently, most of England and Wales are populated with gra.y squirrels 

which are spreading to Ireland and Scotland. These introduced squirrels 

appear to have been i.ntermediate between) or a mixture of t the northern 

and southern subspecies. 

Concerning the reproduction of the gray squirrel, the first mating 

of the year usually takes place In mid.winter, sfter which one to four 

young are born following a gestation period of 44 days. A second litter 
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is commonly produced in late summer. Squirrels nest usually in tree 

holes, but commonly also in leaf nests. The reproduct ive biology of 

this animal bas been studied by Deanseley and Parkes (1933). Hibbard 

(1935), Peery (1948), Flyger (1952), Hoffman and Kirkpatrick (1959) and 

Brauer and Dusing (1961). 

Gray squirrels formerly displayed mass "migrations," or emigrations 

(since they rarely return to the original loeatlon)~ of many thousands 

of individuals. :t-ligrations in modern times have been mostly small and 

localized. The literature concerning migrations include Seton (1920), 

Fryxe11 (1926), Shadbolt (1933), Goodwin (1934), Jackson (1935), Hoover 

(1936), ~Dore (1942), Schorger (1947) and Fichter (1950). I had the 

opportunity to witness a gray squirrel tlmigrat ion" in September, 1968, 

in North Carolina. This was part of a general "migration" which took 

place in the east and south-east part of the United States during the 

month of September, 19686 The observations of this phenomenon have been 

released by Citron (1968), at the Smithsonian Institution Center for 

Short-l i ved Phenomena, and by Flyger (1969). Since high populat ion 

densit les appear t4J be one possible st imulus for nmigrat ions. U it might 

be anticipated that squirrels from such areas would have a greater burden 

of parasites than would normally be found. Therefore, a few freshly

killed squirrels were ohtained from the afore-mentioned "migration" and 

exrunlned to determine their parasit Ie infestat ions G The find ings of 

this infestigation will be given In the Addendum at the end of this text. 

An interest in ~cudying the parasites of the gray squirrel stenwed 

from an interest in squirrels as game animalse The gray squirrel Is 

a familiar animal to most people in the eastern states and 1s one of the 
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most popular small game animals. Millions of squirrels are killed 

every year and hunters and hunting dogs come in contact with the car

casses. For this reason it would be of clinical importance to have a 

better understanding of the parasites of the animals and their potential 

transfer to man or domestic animals. Squirrels have also been known to 

suffer high mortality rates in some areas, the reasons for which are not 

understood.. Therefore, the present study was proposed to examIne in 

detail a large number of squirrels for parasites, the results of which 

will be useful to workers In wildlife management and may have public 

health significance. 

The literature concerning such a broad area of study is naturally 

widely scattered and extensive. Alnmst 100 parasites of squirrels have 

been reported J.n thoe i.itt1rature.. Many of these reports were published 

in short notes or from surveys dealing with several species of animal 

hostso Also many reports concern only one taxonomic group under study, 

such as only helminths or only ectoparasites or divisions of these. All 

of these come franl widely scattered areas over the range of the host 

species and some e"'/en from areas to which the gray squirr-el has been 

introduced. The present study is the most comprehensive ever attempted 

in any one local1ty~ 

Among the more intensive studies that have been concerned with gray 

squirrel parasites were those made by Harkema (1936) ",rho studied 53 gray 

squirrels in North Carolina and recorded both endo- and ectoparasites; 

Katz (1938) "who reported endo .. and ectops1fssites frc:ml 7'l. gray squirreL; 

in Ohio; by Goodrum (1940) who described the occurrence of ectoparasites 

on this host in Texas; by Chandler (1942) who reported helminths from 
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tree squirrels in southeastern Texas; by Brown and Yeager (1945) who 

discussed the ectoparasites of gray squirrels In Illln01s; by Rausch 

and Tiner (1948) who studied the helminths of this host in the North 

Central states; by Morlan (1952) who reported many eetoparasites from 

squirrels in Georgia; by Uhlig (1956) who reported both ecto- and endo

parasites of gray squirrels in West Virginia; and by Watson (1959) who 

~eported the insect ectoparasites of 267 gray squirrels from Florida. 

Summaries of the literature dealing with squirrel parasites have been 

given by Katz (1939) and Clark (1959). 

This study will be presented In three major divisions: Protozoa. 

Helminths and Arthropods.. Also included in an Addendum will be notes 

from studies not directly related to the problem under discussion. 



I. PROTOZOA 

The blood and intestinal contents of the squirrels were examined 

to determine if protozoa were present. It was soon evident that three 

genera of protozoans were present: intestinal coccidia, Eimeria spp.; 

a haemogregarin in the blood, Hepatozoon sp.; and one intestinal flag

ellate, Giardia sp. 

The literature concerning protozoans from this host is not very 

extensive and, to the present date, only studies concerning coccidia 

and Heeatozoon are available. Doran (1954a) provided an excellent 

comprehensive review of the literature concerning the protozoa reported 

from rodents in which the gray squirrel representation was very limited. 

Levine and Ivens (1965) published the single most important work on 

rodent protozoology. They complIed the descriptions of coccidia and 

criticized the taxonomic status of species in the genus Eimeria and 

other genera. 

A. Coccidia 

There has been much inconsistency in the describing and naming of 

new species of coccidia. As in many other branches of taxonomy we 

encounter the sOt .. called ftlumpers" and "splitters,U and since the 

number of species of coccidia have been steadily increasing, the pro

blems are steadily getting more complicated. However, over the past 

few years descriptions have been becoming more standardized and new 

-10. 
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techniques are providing more detailed accounts of morphological fea

tures. FUrthermore, experimental transmissions to other hosts have 

shed more light on the host specificity of various species. 

Since the American gray squirrel has been introduced into various 

parts of the world, the coccidial studies on this host have been widely 

scattered. Incidence of coccidiosis has been reported from Sciurus 

~rollnensis In Ohio by Chapman (1938), in Kentucky by Bertram and 

Gault (1952) and in Virginia by Hanson (1966). Eimeria sp. was re

ported by Katz (1938) in Ohio. The parasite identified as Eimeria 

sciurorum Galli-Valerio, 1922 by MOller in 1923 which he found in 

American gray squirrels in the Berlin Zoological Garden has been re

described as !. moeller1 by Levine and Ivens (1965) because MOller was 

in error in placing his specimen in that taxon, and Levine and Ivens 

realized that his organism was a new species. Eimeria neosciuri was 

described from the American gray squirrel in England by Prasad (1960). 

Webster (1960) studied coccidia from this host in England simultaneously 

and independently from Prasad and considered his species to be the same 

as that described by Prasad. However, Levine and Ivens (1965) later 

named the species described by Webster, Eimeria ascotensi!_ Eimeria 

sciurorum Galli-Valerio, 1922, was reported in Florida by Bond and 

Bovee (1958), but Levine and Ivens (1965) considered this to be a 

different species of Eimeria. Soon and Dorney (1971) described two 

new species of coccidia from the gray squirrel in Ontario, Canada. 

These were named Eimeria 29tarioensis and Eimeria wongi. They also 

reported on, but did not name, a species of Eimeria from Ontario gray 

squirrels which resembled both EimeFia ascotensls and EimerIa neoscluri. 
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Materials and Methods 

From gray squirrels shot and killed in the field or captured 

alive in box traps, fresh fecal samples or contents of the large 

intestine were taken and I rol of the sample added to 24 ml of 2% 

potassium dichromate solution to make a 1 to 25 dilution. The potas

sium dichromate killed bacteria and other organisms but did not harm 

the resIstant coccidial oocysts. The fecal material was crushed and 

allowed to dissolve until a homogeneous mixture was obtained. The 

latter was then poured into a petri dish and allowed to stand at room 

temperature in the covered container for several days or until suffi

cient time for sporulation. The mixture was stirred every day to insure 

aeration of the oocysts. 

Estimates of coccidial oocyst numbers were made prior to pouring 

the mixture into the petri dishes for sporulation. In order to make 

these estimates, the mixture was first stirred until sufficiently 

mixed and the heavier materials were allowed to settle (about one 

minute). Then, using 8 Pasteur pipette, a small amount was drawn from 

the center of the suspension and transferred into a Petroff-Hausser 

counting chamber. Under 430 diameters magnification, the coccidial 

oocysts occ~rring on the grids were counted (five alternate 0.1 rom 

squares each from the two grids in the chamber). Since the chamber 

was 0.1 mm deep and a total of 10 0.1 mm squares were counted, the 

volume examined amounted to 1 eu mm. This count was then multiplied 

by the dilution factor and the final figure expressed as the number of 

oocysts per gram of feces. Since the samples were a 1 to 25 dilution, 
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oocysts numbering less than 25,000 per gram of feces might not be de

tected. Such apparently negative counts were recorded as less than 

25,000 rather than as negative in the event that the dilution would 

obscure very low infections. 

To separate the oocysts from the potassium dichromate solution. 

the larger fecal debris was removed by filtration through a number 50 

screen, then the filtrate was centrifuged and washed several times 

using tap water. This concentrated the oocysts into a small volume of 

fluid and made them readily available for microscopic examination. 

The concentrated oocysts were retained for study when fresh material 

was not available. The sporulated oocysts were kept under refrigera

tion for as long as a year and still appeared to be viable. 

The microscopic study of the oocysts was conducted using a, Leitz 

Ortho-Lux microscope equipped with an apochromatic 40/0.95 objective 

and binocular 20 X eyepieces. Greater contrast for observation was 

gained by the use of various combinations of colored filters and light 

intensity. Phase microscopy vas used for some observations, but all 

measurements were made under bright field Illumination using a cali

brated oc~lar micrometer. All measurements were recorded In microns. 

Drawings were made from notes, sketches and average measurements. 

Material described in this study was taken from pooled samples 

from several hosts and also from individual squirrels having less fre

quent for.s~ Structures of the oocysts were measured as they were 

encountered; only a small number of oocysts were measured per slide 

to avoid duplication and, where possible, similar material was examined 
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from several different squirrels. These procedures were followed in 

order to minimize any bias. 

In all instances, the material was examined as a wet mount pre

paration. It was found that after the slide had partially dried around 

the edges of the coverslip, a small drop of thin lubricating oil could 

be pulled around the edge of the coverslip and completely seal the 

slide. Such a preparation was still usable after several days. Oil 

was found to be more practical in the prevention of slide drying than 

Vaseline, which was first used. 

Portions of the small intestine were fixed in 10% neutral buffered 

formalin. Histological sections were prepared by embedding in par8f~ 

fin, sectioning at 10 microns and staining the mounted section with 

hematoxylin and eosin. 

Results and Discussion 

Fecal samples from 167 gray squirrels were examined by means of 

wet mount observations to determine the incidence of coccidia infections. 

Samples from 152 of these squirrels contained coccidial oocysts !.~.t 

91% of the squirrels examined were infected. Although the wet mount 

technique Is defInitely less efficient than other methods which have 

been used, ~.g., flotation techniques, that may reveal the presence of 

coccidial oocysts in all cases, its use In the present study expedited 

the handling of large quantities of material. The time conserved 

facilitated the detailed observations which follow. 
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Estimates of coccidial oocysts were made on 48 squirrels of the 

total number examined in the wet mount observations above. Since these 

estimates were from individual hosts collected at different times and 

conditions, it was anticipated that these estimates might provide some 

insight into the varying intensities of natural infections of coccidia 

(Table III). From these estimates the average number of coccidia from 

28 males was somewhat higher than the average estimated from 20 females. 

These figures are difficult to compare however, because of the wide 

range of variation of the individual estimates and the several enormous 

counts obtained and are, therefore, of no significance. 

The one estimate of 3,000,000 oocysts per gram of feces in a male 

squirrel accounted for the great difference In the averages between the 

males and females. It is my opinion that probably there are no actual 

differences In average intensity of infections between the sexes in the 

whole host population. Since the squirrels I collected were not random

ly sampled from the population, similar samples would not necessarily 

show these same averages. I believe that the extremes of variation in 

the numbers of coccidial oocysts between individual hosts in the pre

sent study indicate that simIlar extremes are to be expected in the 

population as a whole. 

Although male squirrels appear to have greater home ranges than 

the females (Bakken, 1952; Robinson and Cowan, 1954; Doebel, 1967), 

which might influence the incidence of infection in favor of the males, 

this does not determine intensities of infection. One infective 

oocyst ingested by a host Is sufficient to establish an Infection. 
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TABLE III. Est imates of coccidial oocysts made on 48 gray squirrels 
from southwest Virginia, August, 1968-July, 1969 

Number oocysts per 
Males Females gram of feces 

Less than 25,000 2 1 

25,000 3 6 

50,000 1 3 

75,000 6 4 

100,000 1 1 

150,000 3 1 

175,000 1 1 

200,000 3 1 

250,000 2 0 

275,000 1 ° 
325,000 ° 1 

350,000 1 0 

650,000 1 0 

750,000 1 0 

1,000,000 1 ° 
1,875,000 0 1 

3,000,000 1 0 

Totals 28 20 

Estimate averages 324,000 180,000 
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Therefore the multiplication within the host Is apparently due to host

parasite physiological interactions rather than to the Initial dosages 

of the infection. Because of this, the production of oocysts in the 

course of an infection vary from time to time. Host resistance and 

susceptibility is little understood. 

Only 48 of the hosts examined in the present study were used for 

estimates of coccidial oocyst numbers because this procedure was begun 

late in the study and could only be accomplished with precision when 

the squirrel was actually collected by the author. 

No direct correlations between oocyst numbers and host size or 

age, nor seasonal variations, were indicated by the present observa

tions. The estimates made did show that natural coccidial infections 

can vary in intensity and on occasions may be very high. 

Two morphologically distinct groups of coccidia were encountered 

In the squirrels of southwest Virginia. The first is characterized by 

medium-sized, smooth, clear, thin-walled oocysts and the second by 

large-sized, rough, brownish, thick-walled oocysts. In the first group, 

I have described what I believe to be three species, tentatively labeled 

as Eimeria species A, Band C; in the second group, two distinct 

species have been identified by their specific names. A description 

and discussion of these follows. 

All coccidia observed in this investigation belong to the genus 

Eimeri~. with possibly one exception. Only two oocysts of a coccidian 

that resemble those of species of Isospora were observed. These are 

ellipsoidal, clear, thin-walled oocysts that have two subspherical 

sporocysts that appeared to contain four sporozoites. Enough specimens 
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are not available for a description. However, this might have been a 

morphological anomaly of a species of Eimeria since the size of the 

oocyst is within the range of the thin-walled Eimeria species in the 

same sample, is basically the same shape and only two were observed. 

Eimeria SPa A 

The oocysts (Figure 1; Plate 1) are ellipsoidal in shape, rarely 

subspherical. One hundred sporulated oocysts measured 17.0 to 28.0 

microns (s.d. 2.7) in length by 10.7 to 18.2 microns (s.d. 1.5) in 

width, with an average of 22.2 by 14.1 microns. The length to width 

ratios ranged 1.2 to 2.1 (s.d. 0.2), with an average of 1.6. 

The oocyst wall Is smooth, composed of two layers and clear and 

colorless. The outer layer Is slightly thicker than the inner layer 

and the inner layer Is not visible until the oocysts are subjected to 

concentrated hydrochloric acid which separates it from the outer layer. 

The total wall thickness averaged 1.1 microns. No micropyle is pre-

sent. 

An oocyst residuum Is absent, but usually one large or several 

small refractile granules or polar bodies are present (Plate 1) within 

the oocyst. 

The sporocysts, numbering four per oocyst (tetrasporocystlc), are 

ovoidal, with a small, often inconspicuous, Stleda body. Fifty-four 

sporocysts measured 7.0 to 1109 microns (s.d. 1.2) in length by 3.9 to 

8.4 microns (s.d. 1.1) in width, with an average of 9.7 by 6.0 microns. 

The length to width ratios ranged 1.3 to 2.3 (s.d. 0.2), with an 
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FIGURE 1. Eimeria sp. A, mature oocyst 
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PLATE 1. Eimeria sp. A; photomicrograph of mature oocyst (arrow 
indicates large oocyst granule); 1800 x 
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average of 1.6. A sporocyst residuum was present, granular and Inter

spersed between the sporozoltes. 

There are two sporozoites (dizolc) per sporocyst. The sporo

zoltes are comma-shaped with a large refractile globule near the broad 

end and usually a smaller one near the narrow end. 

This was the most common coccidian found in the gray squirrels in 

this study and was present in almost all squirrels infected with 

coccidia. The sporulation time was recorded at 2 to 3 days, with an 

average of 66 hours. 

Histological sections of the ileum revealed the tissue stages of 

the coccidial parasites. However, due to multiple infections en

countered in the naturally Infected squirrels, It was impossible to 

distinguish the species of tissue stages. 

Levine and Ivens (1965) cited 12 descriptions of small or medium

sized, thin-walled coccidia from tree squirrels. These include Eimeria 

serblcs Pop-Cenltch and Sordjochki, 1957, Eimeria andrewsi Yakemoff 

and Gousseff. 1935, Eimeria sciurorum Galli-Valerio, 1922, Eimeria 

silvana Pe11erdy, 1954, and Eimeria sp. Brunelli, 1935, from Sciurus 

vulgaris Linn., 1758; Eimeria moeller! Levine and Ivens, 1965, Eimeria 

~eoscluri Prasad, 1960, Eimeria ascotensls Levine and Ivens, 1965, and 

Eimeria sp. Bond and Bovee, 1958, from Sclurus caro1inensis Gme1in, 

1788; Eimeria parasciurorum Bond and Bovee, 1957, from G1aucomys volans 

Linn., 1758; Eimeria sp. Henry, 1932, from Sciurus grlseus Ord, 1818; 

and EimerJ,a 1mi!?l hlfd Levinf:'! and Ivens, 1965, from Sciurus niger Lln..i.e'll 

1758. Of these, Eimeria sp. A most closely resembles Eimeria ~

sciuri. Table IV provides descriptive comparisons of Eimeria sp. A 
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TABLE IV. Comparison of Eimeria sp. A from Sciurus carolinensls in 
southwest Virginia with Eimeria neosciuri Prasad, 1960, as described 
from Sciurus carollnensis in England 

* Oocyst size 

Oocyst l/w ratio 

Oocyst shape 

Oocyst wall 

Oocyst granules 

Oocyst res iduurn 

Micropyle 

Sporocyst slze* 

Sporocyst shape 

Stieda body 

Sporocyst residuum 

Sporulation time 

Eimeria sp. A 

17-28 x 11-18 
Avg. 22 x 14 

1.2-2.1 
Avg. 1.6 

ellipsoidal, 
rarely 

subspherical 

two layers, 
smooth, 

colorless 

+ 

7-12 x 4-8 
Avg. 10 x 6 

ovoidal 

+ 

+ 

2-3 days 

*/ Measurements in microns 

Eimeria neosciuri 

22-28 x 14-18 

1.55-1.58 

ell ipso idal 

two layers, smooth; 
outer co lorless, 
inner dark brown 

+ 

11-13 x 5-7 

ovo idal 

+ 

+ 
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and !. neoscluri. 

The only apparent difference between these descriptions Is the 

size ranges of the oocysts. The smallest oocyst measured in the pre

sent study was 4.8 microns shorter and 3.0 microns narrower than that 

recorded by Prasad. The largest measurements of the oocysts were 

basically the S~~e in the two studies. This criterion does not con

stitute a significant difference because size ranges would differ at 

different times during the infection (Becker, et. a1., 1955; Webster, 

1960; Soon and Dorney, 1971) and also the number of oocysts measured 

would greatly influence the range. Other characters were very similar 

in the two descriptions. 

EImeria sp. A differs from E. meeller! in that-the latter has a 

mic~opyle and lacks a Stleda body; from!_ andrewsl which lacks a 

sporocyst residuum and Stleda body and by the size of the sporocysts; 

from 1_ serbica which lacks a Stleda body; from!. sclurorum and ~. 

ascotensis in their possessing a micropyle (or operculum); from!. 

esrasciurorum by oocyst and sporocyst shape; from I. silvana by 

oocyst size; from!. kniplingi which has an oocyst residuum and a small 

micropyle and lacks oocyst granules; and from Eimeria sp. Bond and 

Bovee, 19581n that the latter has a micropyle and oocyst residuum 

and lacks oocyst granules, Stieda body and sporocyst residuum. 

Therefore, Eimeria sp. A Is considered to be identical to Eimeria 

neosciur! Prasad, 1960. However, Soon and Dorney (1971) have indi

cated that they believe ~. neosciuri and another described species may 

be morphological variations of a single species, and they have hesi

tated to assign them specific names until this question has been 
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resolved. Because my material appears similar to that studied by 

Soon and Dorney (1971). I have indicated the species each form re

sembles, but follow their example by calling them Eimeria species. 

This form is assigned the tentative name Eimeria SPa A. 

Eimeria SPa B 

The oocysts (Figure 2; Plate 2) are ellipsoidal to cylindrical. 

Eighty-one oocysts measured 17.3 to 33.6 microns (s.d. 2.7) in length 

by 11.9 to 18.2 microns (s.d. 1.4) in width, with an average of 26.3 

by 14.7 microns. The length to width ratios ranged from 1.4 to 2.2 

(s.d. 0.2) with an average of 1.8. 

The oocyst wall is smooth, colorless and composed of two layers. 

The outer layer is slightly thicker than the inner layer. The inner 

layer is not clearly visible unless the oocysts are subjected to con

centrated hydrochloric acid which separates it from the outer layer. 

The total wall thickness averaged 1.3 microns. A large micropyle (or 

operculum) which joined with oval refractile vesicles in the wall is 

usually prominent near one end and measurements of this structure in 

20 oocysts ranged from 2.6 to 8.5 microns, with an average of 5.9 

microns. 

Usually one large refractile granule or polar body is present, 

but often hidden among the sporocysts. An oocyst residuum is absent. 

Four sporocysts occur in each oocyst. The sporocysts are ellip

soidal and apparently have no Stleda body~ FIfty sporocysts measured 

8.7 to 15.4 microns (s.d. 1.3) in length by 5.1 to 8.7 microns (s.d. 



FIGURE 2. Eimeria sp. B, mature oocyst 
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PLATE 2. Eimeria sp. B; photomicrograph of mature oocyst (arrow 
indicates micropyle); 1800 x 
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1.0) in width, with an average of 11.0 by 6.3 microns. The length to 

width ratios rnnged 1.3 to 2.2 (s.d. 0.2), with an average of 1.8. 

A sporocyst residuum Is present and appears as a granular mass 

located to one side, often interrupting the view of the sporozoltes. 

Two sporozoites occur in each sporocyst. The sporozoites are comma

shaped, with a large refractil.e globule only at the broad end. The 

sporozoites were difficult to see in most of the specimens, and thus 

average measurements were not attempted. 

This species is the third most frequently encountered of the five 

coccidia described in the present study. The spor,ulation time was 

2 days (48 hours). 

Of the 12 descriptions pr.esented by Levine and Ivens (1965) that 

I mentioned in the discussion of ~\meri8 sp. A, Eimeria moelleri most 

closely approximates the description of Eimeria spo B. Table V pro

vides a comparison of the description of Ei~~~t! sp. B of the present 

study wit!l that of ~o ~elleri as was described by MOller (1923). 

The oocysts studied are t on the average, larger than those of ~. 

~~JL~!r!. Since the range overlaps the extremes of the former study 

in about equal degrees, it appears that more specimens were measured in 

the present study to give a normal wider range. MOller did not indl

c~te the number of specimens he measured or an average for his measure

mencs. i. ~)ler.~ apparently does not have oocystlc granules as does 

my material. Thls is the most significant difference between the two 

urganisms. huwever, the oocystic granules are not always a prominent or 

constant character in my material. Therefore, MOller may have over. 

looked these in the examination of a few specimens. The final 
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TABLE V. Comparison of Eimeria sp. B from Sciurus carol1nensi!, in 
southwest Virginia with Eimeria moellerl Levine and Ivens, 1965 as 
deserlbad f:-om Sciurus carc;rr:;;nsis in the Berlin Zoological Garden 
by M,,11er (1923')- --. --

Oocyst size* 

Ooeyst shape 

Oocyst wall 

Oocyst granules 

Oocyst residuum 

* Micropyle 

* Sporoeyst size 

Sporo cyst shape 

Stleda 'body 

Sporocyst res iouurn 

Sporulation time 

Eimeria sp. B 

17-34 x 12-18 
Avg. 26 x 15 

ellipsoidal 
to 

cylindrical 

two layers, 
smooth, 

colorless 

+ 

+ (3 .. 9) 

9-15 x 5-9 
Avg. 11 x 6 

ellipsoidal 

+ 

2 days 

*/ Measurements in microns 

Eimeria moe11erl 

22-28 x 14-18 

ellipsoidal 
to 

cylindrical 

two layers, 
smooth 

colorless 

+ (4-6) 

10-14 x 6-8 

not given 

(1) 

+ 

3 days 
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difference concerns th~ Stiedn body. MOller described the sporocysts 

as possessing Ii 5.'1lail "micropyle." Levine and Ivens (1965) proposed 

that this umlcropyle" might actually be a Stlecla body. This character 

1s questionable, then, and it is not considered to be a significant 

difference. The other characters, 1.~.t oocyst shape, oocyst wall, 

a.bsence of oocyst residuum, presence of and size of micropyle, sporocyst 

ize mld presence of sporocyst residuum, are identical in the two 

descriptlonSe The sporocyst ~lape was not given by MOller, but it Is 

reflected by the dimensions. 

~_ria sp, B significantly differs from !. serbles in that the 

latter lacks a micropyle and polar granules; from!_ andrews! which 

lacJ(s a micropyle and sporocyst residuum and has a single-layered wall; 

from ~~ ~~ which lacks 8 micropyle, is different in oocyst size 

and has a single-layered oocyst wall; from!o ~eosci~r! which lacks a 

micropyle; from ~o !§ ... coten.!tl!! uh!ch has two opercula snd a St ieda body; 

from !~ ~t.~~£iu~~ which lacks a micropyle and polar granule ~ld has 

a slngle ... l~yer~cd lfall; and from Io kniplin8.~ which lacks a micropyle 

and has a single-layered oocyst wall and a Stleds body_ 

Therefore, lH~l! sp. B resembles Eimeria moeJ..ler~ more closely 

th,.l:c. any other coccidia with small or mediwn-s!zed, thin-walled oocysts 

that have been described from tree squirrels, but the present investl

g~\t ion '(-Ii 11 not assign it to any species and will refer to it as 

~~m~r~a sp. B until further study ean determine its true taxonomic 

posit;.on... Tha existing evidence does not warrant the assignment of a 

new specific name. This conclusion is based on the work by Soon and 



.. 30. 

Dor'ney (1971) who raised the possibility that morphological variations 

msy occur within single species of these thin-walled coccidia. 

Eimeria ap. C 

The oocysts '(Fi.gure 3; Plate 3) are ellipsoidal to cylindrical. 

One hundred sporulated oocysts measured 18.9 to 29.4 microns (s.d. 2.6) 

in length by 12.2 tc 17,,0 microns (s.d .. 1.0) in width, with an average 

of 2.5e2 by 14.3 mf.crons.. 'rhe length to width ratios ranged from 1.4 

to 2.1 (s.d~ 0.2) with an average of 1.8. 

The oocyst wall is smooth and colorless and composed of two layers. 

The outer layer appears slightly thicker than the inner one. The 

latter i.s not clearly visible until the oocysts have been subjected to 

concentra.ted hydrochloric acid which induces the outer wall layer to 

separate from the inner layer.. Two opercula are present. one at each 

and of the oocyst" Usually both are prominent, one slightly more so 

than the oth;~r:J and are connected with oval refract lIe vesicles in the 

~}i.l\119 One operculum is generally a little larger than the other. The 

aver.age measur:ornents ,,{ere 7.6 and 6.7 microns, respectively(lO 

An oocyst 1"eslduUJrt is absent, but one to three oocyst refractile 

granules or poltiI' bodies are present. 

There !>ill:'G four sporocysts per oocyst.,. They are avo idal with a 

t hroadly rounded Stleda body. Fifty sporocysts .measured 

:8 5 to 14.3 micron.s (S'l'cie 1.1) i.n length by 5.1 to 8.5 microns (s.d. 

0 ... 7) in width, with an average of 11.0 by 6.0 microns. The length to 

~idth ratios ranged from 1.3 to 2.4 (s.d. O~2) with an average of 1.8. 
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FIGURE 3. Eimeria sp. C, mature oocyst 
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PLATE 3. Eimeria sp. C; photomicrograph of mature oocyst (arrows 
indicate opercula); 1800 x 
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A sporocyst residuum is present and appears granular and is concen

trated into a small cluster to one side of the sporozoites. 

The sporozoites, numbering two per sporocystt are comma-shaped 

and have a large refractile globule near the broad end and a second 

smaller one near the narrow end. 

Eimeria sp. C was the second most frequent coccidian parasite 

encountered in the gray squirrels of southwestern Virginia. The 

sporulation time was observed as 2 days. 

Of the small to medium-sized, thin-walled coccidia which have 

been described from tree squirrels, only Eimeria ascotensis closely 

resembles the description of !lmerl~ sp. C (Table VI). !. asootensis 

is the only coccidium that has been described wh ieb has an operculum 

at each end. Webster (1960) described the oocysts as having an opercu

lum at one end and a smaller, less distinct, "terminal cap" at the 

opposite end. Levine and Ivens (1965) have indicated that this 

ttterminal cap" is probably a second operculum. 

The sh~e range given for E .. aCLcotensi,J« by Webster (1960) is some

what greater than that of the present study. Apparently, this is due 

to the number of rn,a~.J,urem~Jnt s made~ since 400 spec imens were measured 

in the former study and 100 in the present study. Eimeria sp. C has 

an average oocyst size that almost identically conforms with the 

averag"~ size of 

samples taken fr<:nn four different squirrels. The only significant 

betweert thE.! t\w descrlpt iOllS ace r,u,muers of oocyst wall 

layers and oocyst shape. 
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TABLE VI. Comparison of Eimeria sp. C from Sciurus carolinensis in 
southwest: Virginia wi.th Eimeria ascotensls Levine and Ivens, 1965, as 
described from Sciurus carolin~nsis in England by Webster (1960) 

* Oocyst size 

Oocyst shape 

Oocyst wall 

Oocyst granules 

Oocyst residuum 

Operculum 

'* Sporocyst size 

Sporocyst shape 

St ieda body 

Sporocyst residuum 

SpOrtl! at Ion time 

Eimeria sp. C 

19-29 x 12-17 
Avg. 25 x 14 

ell ],psoldal 
to 

cylindrical 

two layers, 
smooth, 

colorless 

+ 

9-14 x 5-9 
Avg. 11 x 6 

ovet.del 

+ 

2 days 
(48 hours) 

*/ Measurements in microns 

Eimeria aseotensis 

14-31 x 10-20 
Avg. 24 x 15 

ovoidal (drawn 
as 

ellipsoidal) 

three layers, 
smooth 

+ 

++ 

9-10 x 6-7 

ovoidal 

+ 

3 days 
(76 hours) 
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Webster (1960) described ~. ascotensls as having 3 wall layers. 

However, Levine and lvens (1965) and Soon and Dorney (1971) appear 

convinced that the third layer observed by Webster was actually an 

optical illusion since they had seen it many times in microscopic 

studies of coccidia. This optical illusion was also observed in the 

present study. Therefore, much emphasis cannot be placed on this 

character. 

The ooeysts of Eimeria ascot~ were described as being ovoidal 

(Webster, 1960). Actually, the illustrations given by Webster showed 

them to be ellipsoidal, the same as those of Eimeria sp. C. 

Therefore, since Eimeria sp. C has two opercula and the descrip

tion agrees with !. Ascotensis in oocyst size, presence of oocyst 

granules, absence of oocyst residuum, in sporocyst shape and size, 

presence of a Stieda body and sporocyst residuu.m and no other descrip

tions of coccidia from tree squirr~ls hava been cited with two opercula, 

the present material is tentatively identified as Eimeria ascotensise 

However, as mentioned earlier, SOc.~n and Dorney (1971) raised the possi

bility that .morphological variations may OCC'.lr within single species of 

coccid~,a which are encountered in single infect ions in squirrels in 

Canada. Therefore, the present material Is designated as Eimeria sp. C 

until this question is resolved. 
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Eimeria wong! Soon and Dorney, 1971 

The oocysts (Figure 4; Plate 4) are subspherical to ellipsoidal. 

One hundred sporulated oocysts measured 31.9 to 44.2 microns (s.d. 2.5) 

in length by 25.1 to 35.3 microns (s.d. 1.8) in wldth t with an average 

of 38.5 by 31.0 microns. The length to width ratios ranged from 1.1 

to 1.4 (s.d. 0.1), with an average of 1.2. 

The oocyst wall is composed of two layers. The outer layer is 1.5 

microns thick, very rough (Figure 5) and brownish-yellow in color, while 

the inner layer is 1.0 microns thick, clear and smooth. The total wall 

thickness averages 2.5 microns~ A small micropyle is present at one 

end. This small micropyle was not observed until the technique em

ployed by Soon and Dorney (1971) was used. By subjecting the oocysts 

to concentrated acid, the small micropyle becomes visible when the 

outer layer of the wall of the oocysts separates from the inner layer. 

It appears to be 8. true micropyle ann measured 2.9 microns across Its 

greatest width. It is present on the inner layer of the wall, rather 

than the outer layer. 

Usually one to four refractile granules or polar bodies are present 

'Hithin the oocyst 4' An oocyst residuum is absent. 

Four sporocysts occur in each oocyst. They are ovoidal and each 

has a prominent Stieda body (Plate 5). One hundred sporocysts measured 

1/ ... 0 to 22.4 microns (s.d. 1.6) in length by 9.7 to 13.1 microns (s.d. 

0.7) in width, with 8.n average of 18.1 by 11.6 microns. The length 

::~O width ratios ranged from 1.2 to 230 (s.d. 0.1). with an a.verage of 

1.6. Sporocyst residual material is granular and generally dispersed 

among the sporozoltes. Details of the sporocyst are more readily 
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FIGURE 4. Eimeria wongi, mature oocyst 
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PLATE 4. Eimeria wongi Soon and Dorney, 1971; photomicrograph of 
mature oocyst; 1800 x 
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FIGURE 5. Eimeria wongi, rough oocyst wall -
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I 

PLATE 5. Eimeria wongi Soon and Dorney, 1971; freed sporocyst 
liberated from oocyst by crushing (arrow indicates the Stieda body); 
1800 x 
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observed by crushing the oocysts between the slide and coverslip in 

order to free them because the thick oocyst wall obscures the view. 

There are two sporozoltes per sporocyst. The sporozoites are 

comma-shaped and have a large clear refractile globule located at the 

broad end and usually a second smaller one centrally located or slIght

ly toward the small end of the sporozoite. Sixteen encysted sporozoltes 

measured 9.0 to 18.2 microns (s.d. 3.4) in length by 3.4 to 8.0 microns 

(sod. 1.4) in width t with an average of 13.1 by 4.6 microns. 

Only one host was infected with this species and a single culture 

required 45 days in order for 521. of the oocysts to sporulate. A 

higher percentage was never reached. 

A review of the literature dealing with coccidia of the host 

family Scluridae reveals several coccidian species that are morpholo

gically similar to that of the present description. These include 

~ime~~ Dorney, 1962, from Tlm.iasciurus hudsonicus Erxleben, 1777; 

!_ wisconsinensl~ Dorney, 1962, from Tamias striatus Linn., 1758; ~. 

!arimerensi.sVetterllng, 196/4-, from several species of Spermophilus 

and C~moml~; !. !Yflcarorensis Dorney, 1965, from Marmots monax Linn., 

1758; and ~. bilam~l\a~! Henry, 1932, from several species of Spermophl

~. Of these, the material I examined closely resembles both Eimeria 

~or,gi and !. toddl. Since~. lIOns! Is parasitic in gray squirrels and 

!. ~oddi is parasitic in red squirrels, and because Soon and Dorney 

failed to transmit !. wongl to red squirrels in their study in Canada, 

I identify my material with !. wong!. Also Dorney (personal comments) 

examined specimens from my southwestern Virginia material and he also 

considered it to be identical to ~. ~r~. 
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Table VII provides a comparison of !. wongi in Canada (Soon and 

Dorney, 1971) with that of southwestern Virginia. The only notable 

differences in these descriptions are the size ranges of the oocysts 

and they are not signif icant. 

The smallest oocyst measured by Soon and Dorney (1971) was 5.3 

microns smaller than the smallest recorded herein; the largest measured 

was 1.3 microns larger than the largest of those among my material. 

These differences appear to be normal differences in range due to a 

larger sample, since Soon and Dorney (1971) measured 287 specimens 

as compared with 100 in the present description. Further, it has been 

shown (Becker, Zimmerman and Patillo, 1955; Webster, 1960; Soon and 

Dorney, 1971) that oocyst size ranges may vary at different times 

during an infection and from one host to another. 

Further comparisons show the remaining data to be almost identical 

in the two descriptions. 

This account constitutes the first report of Eimeria wongi in 

Virginia and the United States of America. 

Eimer!! ~arloensls Soon and Dorney, 1971 

The ooeysts (Figure 6; Plate 6) were pyriform, with a short 

bottleneck. One hundred sporulated oocysts measured 25.0 to 39.9 

micron.s (s.d. 3.1) in length by 17.1 to 27.4 microns (s.d. 2.0) in 

width, with an average of 31.5 by 22.9 microns. The length to width 

ratios rang~d from 1,.2 to 1.7 (s.d. 0.1), l'1ith an average of 1.4. 

The oocyst wall is composed of two layers. The outer layer is 

thick, rough t brownish-yellow and is 1.0 microns whereas the inner 
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TABLE VII. Comparison of Eimeria wongl Soon and Dorney, 1971, from 
Sclurus ~arolLnensls in Canada with that of southwestern Virginia 

Present study 

Geographic distribution U.S.A. (S W Virginia) 

* Oocyst size 

Oocyst l/v ratio 

Oocyst shape 

* Oocyst wall 

Oocyst gran.ules 

Oocyst residuum 

* Micropyle 

* Sporocyst size 

Sporocyst shApe 

st leda body 

Sporocyst residuum 

Sporulation time 

32-44 x 25-35 
Avg. 39 x 31 

1.1 .. 1.4 
Avg. 1.2 

subspherlcal 
to 

ellipsoidal 

two layers; outer 
thick 6: rough, inner 
clear 6: smooth (2.5) 

+ 

.. (2119) 

14-22 x 10-13 
Avg. 18 x 12 

ovoidal 

+ 

+ 

45 days (521.) 

*/ Measur9ments In microns 

Soon 6: Dorney~ 1971 

Canada (Ontario) 

27-46 x 23-36 
Avg. 36 x 28 

Range not given 
Avg. 1.3 

subspherical, 
rarely 

ellipsoidal 

two layers; outer 
thick 6: rough, inner 
clear 6: smooth (2.9) 

+ 

+ (2.0) 

16 ... 20 x 9-13 
Avg. 18 x 11 

ovoidal 

+ 

+ 

9-11 days (one 
culture required 

43 days) 
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flCUIE 6. Eilleria ontarioensis, lIature oocyst 
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PLATE 6. Eimeria ontarioensis Soon and Dorney, 1971; photomicro
graph of mature oocyst (arrow indicates the micropyle); 1800 x 
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layer is thin, s~~oth and colorless and measures 0.6 microns. The total 

wall averages 1.6 microns thick. In specimens that were crushed under 

the coverslip the outer wall layer ruptured and broke in several 

places leaving the oocyst contents bound by the very thin rigid inner 

walle 

A large micropyle is located at the narrow end, the greatest 

dl~meter of which ranged 3.4 to 9.4 microns, with an average of 6.1 

microns (average of 25 oocysts). An extension of the outer wall appears 

to fo~m a cap or vesicle over the micropyle. The micropyle was not 

visible v:')n the Inn~r membrane of the crushed specimens described above. 

No refractile granules or oocyst residuum were observed In any of 

the specimens examined. 

The sporocysts (Plate 7), numbering four per oocyst, are lanceo

late with one end slightly rounded and the opposite somewhat pointed. 

forming a Stleda body. Fifty sporocysts measured 11~4 to 22.1 microns 

(s"d. 2.2) in length by 5.6 to 9.1 microns (s.d .. 0.8) In wIdth, with 

an average of 17G3 by 7.2 microns" The length to width ratios ranged 

from 1.6 to 3.3 (.::,,,d .. 0.3)9 with an average of 2 .. 4. The sporocyst 

residual material is .50me·w'h~t granular and clumped together to form a 

;L'osette-shaped mass which often partially obscures the sporozoites. 

There are two sporozoites within each sporocyst ""hich are elongs.te

CU:lll1f1.f/. ... i'::.>J'.ICtivO;;<'h..1!> Each sporo~() ita has a very large refract i ie globul ':: 

only at the broad end. Twenty encysted sporozoites measured 12.1 to 

.2 microns (s.d. 1~8) in length by 386 to 6.3 microns (s.d. 0.8) in 

width, with an average of 15.5 by 4.6 microns. 
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I 

PLATE 7. Eimeria ontarioensis Soon and Dorney. 1971; freed sporo
cyst liberated from the oocyst by crushing (arrow at top indicates 
the Stieda body; arrow at side indicates the sporocyst residuum); 
1800 x 
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With the exception of the single infection of Eimeria won&! 

encountered t ~. ontarioensi~ was the second least abundant coccidium 

found in this study. Of two cultures observed for sporulation time, 

one revealed mature sporocysts in 4 days while the other required 13 

days!) 

Soon and Dorney (1971) recently described Eimeria ontarioensis 

from ~iurus carolinensls in Ontario, Canada. The above description 

de"iates from theirs only in a few minor respects (Table VIII). These 

include oocyst size, absence of oocyst granules, oocyst wall thickness 

and sporocyst size. These do not appear to be significant dIfferences 

as will be explained as followso 

The oocyst size range differs only to a small extent and the 

average measurements ar.e similar. The size range of the oocysts in 

the present study overlaps that of the Ontario specimens. The smallest 

oocyst length measured in the Virginia material differed from that of 

the Ontario material by only 1.3 microns; the largest oocyst length 

measured was 11.1 microns smaller than the largest recorded in the 

Ontario material. The average values for oocyst size differ by 5.3 

microns in length and 0.6 microns in width in the two studies. These 

differences appear to be normal variations, since Soon and Dorney (1971) 

provided evidence that an increase in the average oocyst size occurred 

in this species during the first few days of the patent period in 

experimentally infected gray squ!rrels. The Virginia material was 

..::aken from naturally '.nfected gray squirrels. and thus th~ time of 

infection was unknown. 
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TABLE VIII. Comparison of Eimeria ontarioensis Soon and Dorney, 1971, 
from ~! carolillensls in Cenada with that of southwestern Virginia 

, _____ .·"". __ r_ .. _____ • ______________________ _ 

Present study 

-.-.---
Geographic distribution U.S.A. (S W Virginia) 

'" Oocyst size 24-40 x 17-27 
Avg. 32 x 23 

Oocyst l/w ratio 1.2-1.7 
Avg. 1.4 

Oocyst shape piriform, with 
short bottleneck 

'* Oocyst wall two layers, outer 
thick & rough, inner 
thin & smooth (1.6) 

Oocyst granules + 

Oocyst residuum 

'* Micropyle 

. 'R 
Sporocyst size 

Sporocyst sh&pe 

Stieda body 

Sporocyst residuum 

ien time 

+ (3.4 ... 9.4) 
Avg. 6~1 

11 .. 22 x 6-9 
Avgo 17 x 7 

1.6 .. 3.3 
Avg. 2ft4 

laneoolat.e 

... 

+ 

4-13 days 

Soon & Dorney, 1971 

Canada (Ontario) 

26 ... 51 x 18 ... 28 
Avg. 37 x 24 

not given 

piriform, with 
short bottleneck 

two layers, outer 
thick & rough~ inner 
thin & smooth (3.4) 

+ (45%) 

+ 
Avg • 8.9 

18-27 x 6 ... 11 
Avg. 22 x 8 

1.8 ... 3.6 
Avg. 2.1 

c~<gar shaped 

+ 

.... 

4-8 days 
___ ._41i~ ........... ·~'~_.IIlII' _______________________ _ 

*/ Measure.ments in microns 
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Oocyst granules were not observed in the present study. but were 

observed in 45% of those oocysts from the Ontario squirrels. Soon and 

Dorney (1971) found these oooystic granules difficult to see unless 

the outer wall 'Has removed by crushing or subjection to sulphuric acid. 

Since the outer wall layer lias not regularly removed in the present 

study, this dIfference cannot be emphasized. 

Both studies show the oocyst wall to be cOlilposed of two layers; 

the outer layer thick, rough and brownish in color and the inner layer 

thin~ smooth and colorless. However, the average total wall thickness 

in my material is 1.6 microns (outer layer 1.0 microns, inner layer 

0.6 O~6 microns) while that of the Ontario material is 3.4 microns 

(outer layer 2.3 microns, inner layer 1.1 microns). Also there are 

size differences among the sporocysts. The average sporocyst length 

in my material is about 4.5 microns shorter than that of the Ontario 

specimens while the average width differed by only 1.0 microns. The 

reason for ~lal1 and sporocyst differences is not understood. They mJ.lY 

be due to differences in degree of infection or to age of infection 

in the haste Also 9 it is not known what natural variations may occur 

in these parasites over the extent of the host species range or what 

effects slight dlffet"ences in physiological conditions in the host 

at different times may h~ve upon the parasites. 

None of the above discrepencies warrant the assignment of a new 

species narr~,,;,, to the Virginia specimens. A review of the taxonomic, 

tiorphologlcal and clinical properties of similar species of coccidia 

from the host genus Sciurus as outlined by Soon and Dorney (1971), 
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shows that the Virginia material most closely resembles that of 

Eimeria ~Etarloensls and it is hereby assigned to that specIes. 

This is the first report of 1. ontarloens\§. from Virginia and 

the United States of America. No other species of coccidia of the 

host family Scluridae which have pyriform oocysts with a short bottle

neck have been reported from the continent of North America. Similar 

species have been described from Sciurus species in .Europe and South 

America. Soon and Dorney (1971) discussed the zoogeographic signi

ficance of 1. ontar~oensls in this respect. 

Pathology 

Squirrels infected with coccidia appeared to be alert and healthy 

animals, and upon autopsy showed little signs of alimentary tract 

pathology. No hemorrhages were apparent in the gut wall and well

formed feces was a constant character", The only macroscopic indication 

of diseased areas were observed along most of the length of the ileum. 

This region of the small intestine appearEld very thin and transparent 

as compared with the other ,areas of the digestive tract, and gas 

bubbles in the lumen could readily be seen through the intestinal wall. 

HJstological prep~rations (IO micron sections stained with hematoxylin 

end eosin) revealed destruction of columnar epithelial cells on many 

of t~e villi (Plate 8) and occasionally cellular dest~uction of the 

sub.mucosa w~s evident and the tissue stages of the parasites (Ple.te 9) 

could often.be obServed. Some of these spaces were filled with blood 

corpusc les. 
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PLATE 8. Tissue section of ileum; vacuolated areas indicated by 
arrows represent cellular destruction by coccidial organisms (10 
microns, hematoxylin and eosin); 800 x 
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PLATE 9. Tissue section of ileum; schizonts containing merozoites 
are indicated by the arrows (10 microns, hematoxylin and eosin); 
1400 x 
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Estimates of the numbers of coccidial oocysts passed in the feces 

were made on one squIrrel daily for a period of 40 days. Rnd single 

estimates were made on 48 animals as already ment\oned. Fluctuations 

in the numbers of oocysts passed varied a great daal from day to day 

and from an!mal to animal, but the averages indicate that a tremendous 

number of h\testinal cells were 'being destroyed. Taking into consl-

deration that thl31 single squirrel mentioned was a confined animal and 

that these est imates were mad(~ on only one individual over a period 

of time or were single counts from 48 individuals at an unknown period 

of infectlon~ the evidence indicates that squirrels must have a high 

rate of intestinal cell regeneration and must be capable of maintaining 

a physiological equilibrium with the parasite by repair and immuno-

logical mechanisrns~ This conclusion is also based on the fact that 

significant squir.rel "die offstf are rarely reported and that most in-

fected squlrr(~ls observed. appeared to be healthy animals. What effects 

these pa:r.8.Sitesiflay have ch.tt"J.ng periods .of high population densities, 

food shortages and bad weather conditions or what influences other 

organisms such .. ~s virus(.:st bacterin<ll intestinal protozotJ t nematodes 

and tapeworms may have in conjunction vith coccidial infectIons is 

left largely to ape~ulatlon. 

This study has evidence that the majorit.y of squirrels 

within the area harbor coccidia in their intestines and the oocysts 

can be demonstrated In their faces. Numbers of coccidial oocysts 
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being passed in tn::. f.e(!~s of naturally infected squIrrels are quite 

variable and m8,y at times be very high. 

Coccid!'l of five types have bi~en described... Three of these are 

coccidia with small-sh~edt thin",w,alled oocysts, whi 1 two have large, 

thick,,·walled onesu Within the small-sized, th:n· .. 't.ralled group uere 

described 

!!lll'll'.!!. !!l~!'.1 and ~.!J u !!£?~..!!!., respect:t ve 1 y • Wi th in th e 

la1Cg~lmsized, thick"'\-lalled group r'1,~re described two .species that are 

identical with EiJ~~ lIiI'o.!.!a!. Glnd !.l!..,~ ~.2.~ns~.s. The order of 

frequency of. oecurrenC,2: of the parasites we~:"e!i) first,. ~la sp. A; 

tiecond, ~"%:ia sp .• C; third, }?~Jm~ri,~ .. sp .. B; fourth, ~e ontarioensis; 

and fifth, !4l :!w&. This ls the first report of any of these species 

from grily squirrels in the state of Virginl1.ls and of !. ~n~ and 1:. 

~122!!!1~ f,["mn the Unltt9!d St,gtes of Amer~ca.. Table IX provIdes 

coccidia in this studyo 

SoOli. and Dorney (1971) studied th~ amal1 t thin-walled coccidia of 

the gray squ L:rel in Cllrleda, wh !ch they called .§jmer,ia sp 0 They con-

sidered all of t:htBs~~ to t(' a sin:;;l~~ species in which of 854 

s exam:ined" 92.3% had no micropyle, but 7.7% had an op€'rculum. 

of those h81.ving an opercv'.um L.8% had Uterminal capsot (or a second 

(Jperculum) at the opposite end. In other words, they believed that 

their li1l.1t,m:- cd sho'Y.red cha?:"'acteri st les of both §." !!!9£t~:"!. end ]f. 

!~~.!Mt~-!: and rairoed thfZ! p()sslbilH:y that these may be morphological 

es~ They decl ined t~) assign specif Ie 

names for these forms by calling them Eim£..JZ.!a SP<l Therefore." due to 

the OCCtlI'rf'oce of morphologi.cal fox-IDs in t?:"le present study l>rilich are 



T" .... BLE IX" 1 son of t:he eimerisn paras ites observed in Sciurus carol ~.!l!,ll.s~ from southwestern 
Virginia, 1966-July, 1969 
__ ~ __ ,,_"-, __ """":j ___ ~$I5'IQW • 'Il',;"~':UlIf"'IIOII"""IIIIIIf. ~M"~_.~~" '1'"n-Jr"~~"~~~""""-~= __ """ _________ _ 

Eimeria sp. Eimeria sp. Eimeria sp. gimeria 
~--r -"' B C .. ,.. -wong! ont::arioensls 

Eimer!,! 

:=========:~_~~ __ ~~~~~'~~~~~~~~ ill "''?'Lc:l~"y,~........,;:w;;; :;W~~~~." 
;oopeo,:>'w~.""I1~'IF~~~Z"'~ ~~",,"-'l!'lo'!I~!l".~~~"~~,~. __ ~-.~ ~>:;;:~~~:w-~~~~~~._, _______ _ 

Oocyst 812 17.,-·28 x 1 18 
• 22 x 14 

Oocyst ratio L.2 ... 2Gl 
Avg .. 1,,6 

sh.ape ellipsoirl:'ll!f/ 
rarely 

Oocyst 'tIel tl!1O ~ 

smooth, 
colorless 

Oocyst granules + 

l-iicropyle 

Sporocyst size* 

Sporocyst :t/w 
ratio 

Sporocyst 5hape 

St ieds body 

Sporulat ion t lrue 

7 ... 12 x 4 ... 8 
Avg~ 10 x 6 

1.3 .. 2.3 
Avg. 1.6 

avo idal 

+ 

2-3 days 

*/ Measurements in microns 

17 ... 34 x 12 .... 18 
Avgo 26 x 15 

1.4 ... 2 .. 2 
t} 1.8 

~i 1. ipso idal 
to 

indrical 

t~iO 

smooth, 
colorless 

+ 

+ 

9 ... 15 x 5 ... 9 
Avg .. 11 x 6 

1~3-2.2 
Avg .. ·l.8 

ellipsoidal 

2 days 

19 ... 29 x 12 .. 17 
Avg. 25 x 14 

1 .. 4 ... 201 
Avg. 1,,8 

ellipse 1 :tal 
to 

cyl1udt"ical 

two 
smooth, 

colorless 

+ 

t-+ 

9~14 x 5-9 
11 x 6 

lo3 ... 2~4 
Avgc 1.8 

ovoidal 

+ 

2 days 

32=44 x 25-35 
Avg .. 39 x 31 

1 .. 1-1 .. 4 
Avg. 1.2 

.subspherica.l 
to 

ell ipso idal 

tho 
outer thlck [;;.: t 

inner thin &: smooth 

+ 

... 
Ilj. ... 22 x 10 ... 13 
Avg. 18 x 12 

1..2 ... 2.0 
Avg. 1 .. 6 

ovoidal 

+ 

45 days (52%) 

25 .. ·40 x 17 ... 27 
.. 32 x 23 

1.2-1 O!' 7 
Avg. 1.4 

piriform, 'tlith 
short 

bott Vaneck 

CllO layers; 
outer thick & rough, 
inner thin & smooth 

+ 

11",,22 x 6-9 
Avg. 17 x 7 

1.6-3.3 
Avg., 2.4 

lanceolate 

+ 

4-13 days 

---------------------------------------,~--,----=-------------------------

~ 
Vt 
(]\ 

t 
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similar to the E~meFia sp. of Soon and Dorney (1971), I have pre

ferred to refer to th,1m as Eimer is sp.. A, Band C, rather than ass ign

ing them to the described forms which they resemble. 

Observations into the pathology of these parasites revealed that, 

although the hosts appeared alert and healthy, there was considerable 

tissue damage to the. ileum in these animals. Hovever, the hosts appear 

to be able to tolerate these p.arasites; and thus" they do not appear 

to be extremely pathogenic under the conditions in which the squirrels 

I examined were collected. 

Further studies on these coccidia should include experimental 

infections on parasite-free hosts using a drug such as Amprolium to 

eliminate natural infections in the experimental host. According to 

the techniqul\! of Remml~"?r .and r'1cGregor (1964) single species of coccidia 

may be isolated and administe~ed to the hosts. Using these procedures, 

it would be possible to determine the daily oocyst production during 

the patent period ,,:~ith varying initial dosages; to determint? what 

effects pregnancy would have on coccidial numbers; to study the tissue 

stages of the life cycle of each species; and to determine if those 

morphclogi cal types are Etctually different or variations of the same 

species. Also, furthor studies on experimental infections of other 

sciurid rodents with these coccidia would provide information on the 

hOG\: speclf of these pa.:rasltes. Finally, a study of the immuno-

logical mechanisms of this host and serological analysis may provide 

clues to species !der1tiflcation of coccidia. 
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B. Haemogregarins 

A survey of protozoan organisms occurring in the blood of gray 

squirrels was conducted and one species, Hepatozoon grlselsciuri Clark, 

1958, was discovered. Hepatozoon is a genus of sporozoan parasites, 

which, according to Hall (1953), is classified In the sub-phylum 

Sporozoa, class Telosporldea, sub-class Coccidia, Order Adeleida, 

because the gametocytes are associated in isogamy during differenti

ation. It is in the sub-order Haemogregarina because the life cycle 

involves two hosts and the zygote Is a motile ookinete and in the 

family Hepatozoldap because the large oocysts contain sporocysts, each 

with numerous sporozonts. Hepatozoon is the type genus. 

The genus Hepatozoon was first described by Miller (1908) who 

observed and recorded ~. pern!closum (now tl. murts) in white laboratory 

rats from Washington, D. C. Wellman and Wherry (1910) were the first 

to report the occurrence of Hepatozoon In a mammal indigtnous to the 

neartic region: ~. citel1icola from the California ground squirrel, 

Citellus beechevl (Richardson, 1829). Another observation of Hepato

!22U was made in 1953, by Herman and Price (1954), who observed an 

abundance of gametocytes of the parasite in the blood of gray squirrels 

on the Patuxent Research Refuge in Laurel, Maryland. These findings 

have stimulated an interest in the study of the life histories of these 

organisms and a search for them in other localities and in other hosts. 

Reviews on the species of Hepatozoon have been given by Brumpt 

(1946) and by Clark (1956). Clark (1956) indicates that there are 

about 59 names in the literature that have been assigned to the genus 
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Hepatozoon, many he believed to be synonymous. Added to the above 

number, about 16 forms have been reported without names. The taxonomic 

validity of many of these is doubtful as determined by their accompany

ing descriptions. Species of Hepatozoon are known to occur in a wide 

range of mammals and even in some birds and lizards. The distribution 

of the genus Is cosmopolitan, however, it may be more common in the 

tropics_ I have found 14 references to 6 species of Hepatozoon that 

are parasites of rodents in the family Sciuridae. 

The species of Hepatozoon that have been reported from the family 

Sciuridae include the following: Hepatozoon sciuri (Ooles, 1914) from 

Sciurus vulgaris Linnaeus, 1758, in England by Coles (1914) and in 

Italy by Franchini (1932), and tentatively from Sciurus carollnensls 

in England by Oasgupta and Meedeniya (1958), In Washington, D. C. and 

Maryland by Herman and Price (1954, 1955) and in Rhode Island by 

Weidanz and Hyland (1958);ll_ griselsciurl Clark, 1958, from Sciurus 

carolinensis in Maryland and Washington, D. C. by Clark (1958), in 

Wisconsin by Dorney and Todd (1959) and in Virginia by Parker (1968); 

fie cite11icola (Wellman and Wherry, 1910) from Cite11us beecheyi in 

California by Wellman and Wherry, 1910); ~. mereschkowskl (Tartakowskii, 

1913) from Citellus suslicus guttatus (Pallas, 1770) in Russia by 

Tartakowskll (1913); li. gaetu1um (Sergent" 1921) from Atlantoxerus 

.8.~tulus (Linn., 1758) in North Africa by Sergent (1921); li. funambuli 

(Patton, 1906) from Funambulus pennanti Wroughton, 1905 in India by 

Patton (1906) and from Spermophi1us muslcus-Citellus pygmaeus musicus 

Menetries" 1832 in Russia by Tarkatowskl1 (1913); several others 

without specific names have also been reported. 
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Hepatozoon has also been reported In the rat, Rattus norvegicus 

Berkenhout, 1769, in the eastern United States by Miller (1908), Price 

and Chitwood (1931), Andrews and White (1936), Herman (1939) and Eyles 

(1952). 

Herman and Price (1955) have postulated that some organisms 

assigned to the genera Leucocytozoon, Haemogregarina and Leucocytogre

aarina may be synonymous with ~eEatozoon. Wenyon (19l0) and Brumpt 

(1946) also considered that some of these organisms may be Hepatozoon. 

Clark (1956) summarized the characters considered in distinguish

ing between the various species of Hepatozoon as follows: preferred 

intermediate and definitive hosts, time required for sporogonic develop

ment, size of oocysts, number of sporoeysts developing within each 

oocyst, number of sporozoites developing within each sporocyst, loca

tion of schizogony in the host, size of the schizonts (segmenters), 

number of merozoites produced by each schizont, the time required for 

the gametocytes to appear in the peripheral circulation and the pro

duction of immunity. 

Clark (1958) elucidated the life cycle of ~. ariseiscluri that 

parasitizes gray squirrels. At present, it is believed that this is 

the only sp2cies found in this host in the United States and that 

those reports from this host by Dorney and Todd (1959), Weldanz and 

Hyland (1958), Herman and Price (1954, 1955) and Parker (1968) are 

actually only one species. 
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Materials and Methods 

Two methods of diagnosis were used to determine the incidence of 

Hepatozoon ~eiscturi among gray squirrels In southwestern 

Virginia. Herman and Price (1955) first began using both these methods 

for comparison, and they both have subsequently been used by other 

investigators. 

Herman and Price (1955) prepared Giemsa stained blood smears 

which were examined at 450X with a compound microscope for 5 minutes 

or until 100 leukocytes were observed. This technique was utilized 

in the present study except Wright stain was substituted on the blood 

smears. The second method was a modification (by Herman and Price, 

1955) of Knott's (1939) concentration technique for diagnosis of micro

filariae. The procedure Is summarized as follows: A sample of blood 

is taken by cardiac puncture from freshly killed or anesthetized 

squirrels using a needle (120) and syringe (5 or 10 cc capacity). One 

to 2 cc of blood is added to 10 cc of 2% solution of formalin in a 

15 cc conical centrifuge tube. The blood and formalin are mixed by 

inverting the tube several times. Within the next 48 hours, the tube 

is centrifuged for 5 minutes at about 1750 rpm. The supernatant 

fluid is then poured off md the tube inverted onto a paper towel to 

drain a few minutes, the leukocytes remaining in the apex of the tube. 

Finally, within 5-10 minutes, the tube is set upright and a few drops 

of a 1 to 1000 aqueous solution of methylene blue is added to improve 

microscopic contrast. Upon examining the sediment under 100Xt the 

parasites appear as refractile bodies with bluish nuclei within the 
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leukocytes or sometimes free, the latter especially when the blood has 

been forced from the syringe through the needle thus disrupting cells 

and freeing the parasites. 

Histological sections (10 microns) from several hosts were stained 

with Ehrlich's hematoxylin and eosin to be examined for the schizogonic 

stages of the parasite. The following material was prepared for examina

tion: brain, heart, lungs, liver, spleen, lymph nodes, muscle, kidney, 

small intestine, cecum, large intestine, gall bladder, esophagus, 

stomach, pancreas and skin. Also femural bone marrow smears were 

stained and examined. 

1E vitro cultivation of the blood forms of the parasites was 

attempted. In the first culture attempts, the following DIFCO culture 

media were employed: T-soy broth, Alblmi's Brucella broth and Brain

Heart infusion media. These media were prepared according to directions, 

and then each was divided into two equal quantities in cotton-stoppered 

flasks. To one-half of each of the divided media was added 0.1% agar. 

The material was autoclaved at 15 pounds pressure for 15 minutes. Then 

10 cc of each medIum was placed into sterile, screw-cap test tubes. 

Fresh cardiac blood was taken under sterile conditions from an etherized 

squirrel known to be infected with Hepatozoon. A 10 cc syringe and 

# 20 needle was used, and heparin was flushed through the syringe to 

lnoisten the inner surfaces to prevent coagulation of the blood. When 

10 cc of blood filled the syringe it was then transferred into a 15 ee, 

stertle, conical centrifuge tube, stoppered and placed in a tube rack 

inside an incubator at 37-380 C, the approximate body temperature of 

the gray squirrel. After 2-3 hours the leukocytes formed a layer at 
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the top of the contents of the tube. This layer of leukocytes was 

extracted with a Pasteur pipette and 3-6 drops were inoculated into 

3 tubes each of the 6 media preparations. One additional tube con

taining the medium was not inoculated and served as the control. The 

tubes were then incubated at 37-380 C and samples were taken from each 

tube daily and examined by phase microscopy. 

Another culture procedure was also attempted using products 

manufactured by Microbiological Associates, Inc. This method involved 

the following preparation: 10 cc of Medium 199 (10 X ~onc.) was 

diluted with 76.9 cc distilled, pyrogen free water; a solution of 1% 

agar in water was prepared by heating until dissolved tben 13.1 cc of 

this 1% agar Was added to the diluted Medium 199 to give a final agar 

concentration of .15%; next 10 cc of bovine serum was added to the 

medium, then .46 cc of a 7.5% solution of sodium bicarbonate was added 

to produce a concentration of approximately .03%; then I cc of L-Glut

amine (200 mM) was added and finally 2 cc of penicillin/streptomycin 

mixture (25,000 units) was added to conclude the preparation. The 

medium was dispensed into 4 test tubes with screw caps. Three tubes 

were inoculated with 1-2 drops of leukocytes obtained as described in 

the procedures above and incubated at 37-380 C, while the fourth tube 

served as a control. Samples from each tube were examined twice a day 

under phase microscopy for 5 days. 



-64-

Results and Discussion 

Table X shows the incidence of Hepatozoon griseisciuri in the 

squirrels of southwestern Virginia. The concentration technique re

vealed an incidence of 79%, while the stained smears revealed a less 

efficient estimate of only 58%. The incidence of infection between 

the sexes and between different age classes showed no differences and 

thus the parasite appears to be generally distributed in our sample of 

the squirrel population. Also there were no marked differences of 

incidence during dIfferent seasons of the year. 

The only stage of the parasite that was observed In this survey 

was the gametocyte encysted within monocytes. Plate 10 illustrates 

several gametocytes that have been freed from the monocytes in the blood 

concentrates. When the cardiac blood was forced from the syringe 

through the needle under pressure, it was found that many of the 

leukocytes would be ruptured and subsequently free the gametocytes 

from the cell. Plate 11 illustrates encysted gametocytes in a Wright's 

stained blood smear as they usually appear encysted. 

The encysted gametocytes in the Wright's stained material measured 

10.3 to 12.8 microns long (s.d. 0.68) by 2.4 to 5.1 microns wide (s.d. 

0.83) with an average (10 specimens) of 11.3 by 3.6 microns. The 

nucleus measured about 5.3 by 3.0 microns. Encysted gametocytes in the 

fresh blood concentrates measured from 9.1 to 13.7 microns long (s.d. 

I~07) by 3.0 to 4.6 microns wide (s.d. 0.48) with an average (18 speci

mens) of 11.4 by 3.6 microns. The nucleus measured about 4.0 by 2.5 

microns. These measurements are comparable with those given by Clark 
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TABLE X. Incidence of Hepatozoon sriseiseiurl Clark, 1958 In the 
gray squirrel, Sclurus carolinensis Gmelin, 1788, in southwestern 
Virginia as indicated by two diagnostic procedures 

Modified Knott's Wright's stained 
concentration technlgue blood smears 

No. % No. ~ 
examined infected examined infected 

Male squirrels 41 80 42 60 

Female squirrels 39 77 42 57 

Totals 80 84 
and 

Averages 79· 58 
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PLATE 10. Freed gametocytes of Hepatozoon grlselsciurl Clark, 1958, 
as seen in blood concentrates (4000 x) 
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PLATE 11. Gametocyte of Hepatozoon S!iseisciuri Clark, 1958, encyst
ed within leukocyte as photographed from a Wright's stained smear 
(4000 x) 
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(1958) who gave a range of 9.9-11.8 microns (average 10.9 microns) for 

length and 3.3-4.0 microns (average 3.4 microns) for width for encysted 

specimens In blood smears and an average of 12 microns long by 4 microns 

wide for encysted gametocytes In fresh blood concentrates. 

In addition to the gray squirrels herein reported to be infected 

with Hepatozoon In southwestern Virginia, I have had occasion to 

examine materials acquired from squirrels In North Carollna, Georgia 

and Florida. Table XI provides a comparison of results of previous 

studies with that of the present one. These data extend the presently 

known distribution of Hepatozoon griseiscluri in Washington, D. C., 

Maryland, Rhode Island and Wisconsin to southwest Virginia, western 

North Carolina to northwest Georgia. The Florida material that I ex

amined was negative. 

I examined histological sections of various tissues and femoral 

bone marrow smears from juvenile to adult squirrels which revealed 

no evidence of the schizogonic stages of the parasite. However, one 

squirrel was born In captivity of an infected parent and died the same 

day. I prepared histological sections of the liver, spleen and kidney 

and upon examination, I saw numerous schlzonts (Plate 12) In various 

stages of development in the liver and spleen. Since there were 

apparently no mites in the cage or on the parent squirrel and there 

was not sufficient time for the extent of development of the parasites 

herein observed from the time of birth to death, transmission apparent

ly occurred across the placenta. These results help to substantiate 

the findings of Clark (1958) who was unable to locate these stages in 

any squirrels older than 36 hours. The hypothesis put forth by Clark 



TABLE XI. Present records on the distribution of Hepatozoon griseisciuri Clark, 1958, in the gray 
squirrel, Sciurus carolinensis Gmelln. 1788 

locality 
St a ined smear s Concentrates 

References No. exam 1 ned % infected No. exam lned % infected 

Patuxent Refuge, Haryland 86 48 64 100 Herman and Price 
(1955) 

Takoma Park, Maryland 10 50 12 100 !M2.. 

Baltimore Co., Maryland 45 71 !M2.. 

Nat 1. Zool. Park, Wash., D. C. 19 16 21 100 !M2.. 

Rhode Island 11 27 Weldanz and 
Hyland (1958) 

Wisconsin 21 5 4 50 Dorney and Todd 
(1959 ) 

Virginia (southwestern) 84 58 80 79 present study 

North Carolina (western) 9 55 9 66 present study 

Georgia (northwestern) 5 60 5 100 present study 

Florida (north central) 4 0 present study 

I 

'" \0 
I 
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PLATE 12. Photomicrograph of schizont of Hepatozoon griseisciuri 
Clark, 1958, from 10 micron section of liver of a one-day-old gray 
squirrel (643 x) 
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(1958) for their apparent absence in the older squirrels was that 

possibly schizogony occurred It ••• throughout the blood spaces of 

the reticuloendothelial system without specIal emphasis on a parti

cular organ. If I was not able to conf lrm his hypothes is. If, Indeed, 

there are no tissue stages in older squirrels, the perpetuation of the 

parasite in the blood remains mysterious since I found squirrels known 

to be at least 4 years old (from retrap tags) to be relatively heavily 

infected. 

The !ll vitro cultivation attempts using leukocyte inoculum In 

various media proved unsuccessful in all but one case (Table XII). 

Only in the Brain-Heart infusion medium plus 0.1% agar were any 

Hepatozoon organisms observed. On the day following inoculation 

vermicular organisms were seen moving in this medium upon examination 

by phase contrast microscopy. These organisms were broad at one end, 

revealed a granular cytoplasm, and the smaller end appeared to serve 

as a holdfast structure (Figure 7). The movement appeared to consist 

of whip-like or thrashing movements into C- or U-shapes with the small 

end usually remaining stationary against the slide or coverslip. They 

did not appear motile or show any phototaxlc or photophobic responses. 

These organisms were observed each day for four days after which 

no movement could be detected, and they were assumed to be dead. The 

procedure using the Brain-Heart infusion medium plus 0.1% agar was 

repeated as initially outlined using blood inoculum from a different 

infected squirrel. The results from this second attempt were identi

cal to the first. Subsequent repeats were unsuccessful. 



TABLE XII. Culture procedures used in an attempt to maintain Hepatozoo~ griseisciuri Clark, 
1958, using leuKocyte inoculum from infected gray squirrels, Sciurus £!rollnensis Gmelin~ 
1788 

--------------._----------
CUlture medium 

Leukocyte 
inoculum 

Tubes 
inoculated Results 

~ __ ..... ·~.·_· __ ... · .. "'~a~~'~~~.t;:'"~"':;:;..""""· _. __ ~.,r:,~~~~~~~~..:""._ ...... ..,..,. _ 
____ ·~,~~_~~~~.&",~,.""" ..... IfIt;;~w,~. ","""_.:I",,,"~~~~_. """·'.~.:'t'r ........... 9Ioi!III:\i ... ____ "'"" ___ • 

T-say brothS 3 .... 6 drops 3 Negative 

T-soy broth + 0.1% agar 3 .. 6 drops 3 Negative 

Alhlmi's Brucella brothS 3 ... 6 drops 3 Negative 

Alhlml's Brucella broth + 0.1'% agar 3-6 drops 3 Negative 

Brain-Heart infusionS 3 ... 6 drops 3 Negative 

BrainJHeart: infusion.;.. 0.11. agar 3-6 drops 3 Positlvec 

Medium 199 b 1-2 drops 3 Negative 

Controls 

1 (negat i ve) 

1 (negative) 

1 (negat 1 va) 

1 (negat 1 ve) 

1 (negat 1 ve) 

1 (negat ive) 

1 (negat i ve) 

___ ~· __ ';.;rt ~...:=-"' ..... __ ~~ _ .... QV .. I'lIIMr.*"O!II ...... ~-....:;.JU.. ~~~),,~"-. ____________ ~ __ """"'~ ____________ ~ __ _ 

al DIFCO products 
bl Microbiological Associates, Inc. product 
cl Mainta ined alIve !!!. yi tro for four days 

I 
....... 
N 

• 
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FIGURE 7. Hepatoloon ,rlseisclurl, motile eamete 

from Brain ·Heart Infusion culture + ."0 aear 
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From these observations, it Is reasonably certain that the 

stage of the organism that survived in the culture medium was the 

motile gametes which had become excysted. These are apparently the 

same stages (gametes) observed by Clark (1958) who liberated the 

gametocytes from the leukocytes by osmotic disturbance (dropping several 

cc of blood into distilled water), washing several times to remove the 

cellular debris and examining In saline. He dld not mention whether 

or not he was able to maintain thp~ allve outside the host for any 

notable length of time. 

No multiplication, growth or union of these gametes was observed. 

However, these experiments do show that the parasite may be kept alive 

for at least 4 days outside the host. MOdifications of the procedure 

and/or serial transfers using fresh media might be ways to maintain 

them for longer periods in future studies. Also, if the schizogonic 

stages could be recovered and cultured, possibly some ~ vitro multi

plication would be possIble. In vitro cultivation of these organisms 

would be very helpful in order to gain more information concerning phy

siological, nutritional, behavioral and other aspects of these parasites. 

~atholo8l 

In general, pathogenic effects are not observed in animals in

fected with the varIous species of Hepatozoon, and there is little 

evidence in this study of pathological conditions precipitated by 

this parasite in squirrels, except that many of the squirrels examined 

had very large spleens and the one-day-old squirrel exhibited cell 
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destruction in the liver and spleen as the result of schizogonic 

development. 

I can briefly summarize the pathological evidence which exIst 

to date~ Richards (1961) reported no pathogenic effects of Hepatozoon 

procyonis Richards t 1961 in raccoons. However, Furman (1966), working 

with Hepatozo2n balfour! (Laveren, 1905) in jerboas (Jacu1us jaculus 

Jaculus)~ reported massive involvement of liver tissue with parencymal 

cell destruction by the growing trophozoites and the spleen enlarged 

three to four times. However, there was no other evIdence of host 

reaction. Brumpt (1946) has shown that intense infections of ~. murts 

in rats reveal hemorrhagic spots and small lesions on the liver at 

autopsy, and Miller (1908) indicated that the liver is distinctly 

enlarged and dull yellow in chronic cases. The lungs also showed small 

surface hemorrhages (Miller, 1908) and the spleen was dark in color 

and enlarged (Miller, 1908; Brumpt, 1946). The blood may show a great 

increase in the number of leukocytes (Brwnpt, 1946) and also may be 

thin and watery (Miller, 1908). Very heavy infections often resulted 

in the death of the rat (HJ.ller, 1908; Srumpt, 1946). 

Conclusion and SUmInElr.I, 

Hepatozoon griselsciuri appears to be prevalent (79% incidence t 

Table XI) in the squirrels of southwest Virginia. These figures are 

less than those reported by Herman and Price (1955) in Maryland and 

Washington, D. C. (100%) and in the present study from Georgia (100%), 

but greater than the figures given by Weldanz and Hyland (1958) in 



-76-

Rhode Island, by Dorney and Todd (1959) in Wisconsin and by the pre

sent data from North Carolina. As more data become available, it may 

be possible to determine some correlations of incidence of infection 

with geographical conditions such as altitude and climate. Also 

correlations between the distribution of He2atozo~n and that of the 

mite vector should be studied* This could determine the importance 

of prenatal infection across the placenta (as proposed by Clark, 1958). 

Specimens, in addition to those from southwest Virginia, were 

examined by me and served to extend the known distribution of this 

parasite into North Carolina and Georgia. 

A search for schizogonic stages in histological preparations 

failed to demonstrate the parasites in the juvenile to adult squirrels 

examined. However, these stages were seen in sections of liver and 

spleen which was taken from a one-day-old squirrel born in captivity. 

Their apparent absence in the tissues of older squirrels and high 

prevalence of gametocytes in the circulating blood requires more study 

in order to clarify this situation. 

Several attempts were made to maintain living parasites ~ vitro 

by using several culture media. The moving, excysted gametes were kept 

alive .!n vitro for four days without any apparent multiplication or 

union of gametes. Further studies along similar avenues may produce a 

method for maintaining them for longer periods and make available new 

techniques for study. 

No pathological disturbances could be ascertained except that 

splenomegaly was observed in many of the hosts and in a one-dAy-old 

squirrel examined there was evidence of cell destruction by the 
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schizogonic development of the parasite. 

c. Flagellates 

In the examinations of fecal material from gray squirrels collect

ed in southwestern Virginia, I discovered the cysts of the intestinal 

flagellate t Qi!E£ia sp. This is apparently the first observation of 

the parasite in this host. I also found one squirrel of nine examined 

from North Carolina to be infected with this parasite (Parker and 

Holliman, 1971; also included in the Addendum). 

Giardia sp. 

Giardia has been found in a wide variety of animals, including 

mammals t birds, reptiles, amphIbians, fish and even nematodes. I found 

two reports of Giardi~ in rodents of the family Sciuridae: Giardia sp. 

in Citel1~ richardson! Sabine 9 1822, (~~cklnnon and Debb, 1938) and 

Giardia ~eri Hegner, 1926, in .,91tellus trldecemlineatus Mitchill, 

l821 t in Iowa (Hegner, 1926). Ansari (1952) has maintained that Giardia 

is strictly host-specific and that reports of the same species in differ

ent hosts have been due to false idetztifications of either parasite or 

host or both. Therefore, it has traditionally been the case to label 

almost all giardias occurring in different hosts by different specific 

names. Early cross-transmission attempts from one host to another 

appeared negati ve. Lavi.er (1924) fal led to infect laboratory rats with 

Giardia lamblla from man; and Armaghan (1937) inoculated rats with 

trophozoites from the muskrat and cysts from rabbits and mice with 

negative results. Other evidence seems to point toward a less rigId 



host specIficity .. Fel~.r:;c> (1952) did not report any significant morpho-

logical d i ffel'cnces 'betweeZI. the gia!:"d Vas of ~l ... l11r lOus '\1i ld rodents and 

those of laboratory rats A number of suecesH:tu', ,-:;ross ... transmissions 

have been reported t)ut as yet hav(? not in! t I ated the st imu Ius necessary 

to begin a taxonomic (~v,aluation of the genus. Hegner (1927)" Armaghan 

(1937) and Halba (1956) her:\, succeeded in infecting laboratory rats 

wood rilts, ~~ fusci,ees, ,~ith 9.!!.rd,t~ from man and concluded that 

rats may possibly serve to spree.c human giardiasis. I suggest that a 

concentrated effort Is needed to study the host specificity of this 

organism before it can be determined if the many described species are 

indeed valid species or if all are actually one or several species, 

some of which may show host induced morphological variations. 

The in vitro cultivation of GJ.ardla had been unsuccessful until 

Karapetyan (1960) succeeded in culturing giardi~s from humans in mixed 

cultures with human intestinal yeasts and chicken fibroblasts, a trypsin 

digested protein eh~ract, human serum and a balanced salt solution. 

Karapetyan (1962) also similarly cultured giardias from rabbits, but, 

instead of using chicken fibroblasts, he substituted chicken embryo 

extract and instead of intestinal yeasts, he used ordinary baker's 

yeast. Substitutions of different blood serums were also equally sue-

cessful when transitions from one to the other were gradual. Meyer 

and Pope (1965) are apparently the only other investigators who have 

attempted to duplicate the culture procedures of Karapetyan. They fOUlld 

it necessary to modify the procedure somewhat in their CUltivation of 

giardlas from rabbits and chinchillas. Their modification involves 
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the daily reinoculation of yeast to the cultures instead of only one 

initial inoculatiol1, also they adjusted the pH daily using a 0.1 N 

solution of sodium bicarbonateo 

The present study sought to determine the prevalence of Giardia 

in our sample of gray squirrels; to perform cross-transmissions in 

order to learn something about thE: host specificity of Giardia from the 

gray squirrel; to attempt !u vitro cUltivation of the organism and to 

present a brief description of 9i~rdla from the gray squirrel. 

Materials and Nethoc!.~ 

To determine the prevalence of the intestinal flagellate, Giardia, 

in the squirrels I collected, examinations of the wet mount prepara

tions of fecal material from each squirrel, in conjunction with the 

study on coccidia already discussed, were made to determine if the 

cysts of this organism were present. In addition, trapping operations 

were initiated in a campus woodlot using box traps (~~sby, 1955) to 

obtain squirr~l hosts infected with ~~. This woodlot had yielded 

infected squirrels in thz initial survey. These additional squirrels 

were collected for use only in the study of this parasite and are not 

included in the numbers collected for any other survey. Trapped squir

rels were brought to the laboratory in the traps, their fecal material 

was examined, and If the ani.mal proved to be negative, it was taken 

back to the place of capture and released. After 23 animals had been 

trapped and examined~ 1 finally succeeded in acquiring one infected 

host. This animal was initially recorded as being negative, but after 
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retaining it in the laboratory for several days and feeding it on 

cracked corn, subsequent examinations demonstrated a high number of 

Giardia cysts in the feces. Fecal samples were taken from this animal 

and dissolved in tap water. The mixture was stirred and poured through 

several layers of cheese cloth, then centrifuged and washed several 

times. This procedure yielded a high number of giardial cysts sus-

pended in a small volume of water which I then used to experimentally 

infect other hosts. This material was added to the drinking water of 

the animals to be infected. For cross-transmission experiments, 3 

parasite-free gray squirrels were exposed to the drinking water con-

taining the cysts to insure a source of cysts for experimental work. 

Then, 6 hamsters, 6 laboratory white mice and one chipmunk, Tamlas 

strtatus, were fed cysts in a similar manner. These animals had been 

checked for Giardia infections before being exposed to the parasite. 

Experimentally infected gray squirrels, laboratory white mice and 

hamsters were sacrificed and the trophozoites of the parasites were 

recovered and used for culture studies. Attempts to maintain Giardia 

in cultures were made by following both the procedures of Karapetyan 

(1962) and the modification by Meyer and Pope (1965). The culture 

medium was prepared using the following constituents: 

25% inactivated bovine serum 
10% Hottinger's digest (tryptic meat digest) 

5% Chick embryo extract (purchased from ~1icrobiologlcal 
Associates, Inc.) 

60% Hank's balanced salt solution with phenol red as a 
pH indicator 
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The medium was adjusted to pH 7.3 and a penicillin/streptomycin 

mixture add~d to make a final concentration of 500 and 250 units per 

ml respectively. 

For preparations of the inoculum, the infected animal was killed 

with chloroform or ether, the body cavity opened and about 15-25 cm of 

the duodenum removed and placed in a sterile petri dish. The segment 

of the intestine was slit open lengthwise and the inside scraped with 

a scalpel. The remaining shell of the intestine was discarded and 

the tissue and intestinal contents retained. To this I added 15-20 ml 

of Hank's balanced salt solution and mixed. Then I filtered the 

material through several layers of washed cheese cloth and the fIltrate 

centrifuged at ItOOO rpm. for 10 minutes. The supernatant fluid was 

drawn off using a Pasteur pipette and the sediment containing the 

giardial trophozoites inoculated Into small culture bottles containing 

1 to 3 ml of media.. These bottles were about 46 rom long and 14 mm in 

diameter with a smaller neck fitted with rubber stoppers. Following 

inoculation of 9iardia, a loopful of yeast (Saccharomvces Ferevisiae) 

from a 48 hr old ~u1J;ure: was also inoculated into the medium and the 

culture bottles were placed in an incubator at 36-38 degrees Centrigrade, 

the bottles being slanted at a 5-7 degree angle. The cultures were 

examined daily and two-thirds of the medium was removed and replaced 

with fr.esh med.ium dailYI! Some cultures were reinoculated with the 

yeast daily (modification by Neyer and Pope, 1965). while others had 

only the one initial inoculat ion (after Karapetyan, 1960, 1962). Stock 

medium was maintained in a stoppered flask and was examined periodically, 

serving as my control$ 
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Results and Discussion 

In conjunction with the coccidia study, fecal samples from 167 

gray squirrels were examined by the wet mount method for the presence 

of Giardia cysts. These examinations demonstrated 8 (4.79%) squirrels 

to be infected with the intestinal flagellates (6 males and 2 females). 

I suspect that this is an infection rate that is much lower than that 

which actually occurs, since one additional squirrel, not included In 

this survey, was trapped and maintained for a short time in the labora

tory and was negative on initial examination of the feces, but after 

being fed cracked corn for several days, numerous cysts appeared in 

the feces. It is likely that the rough food material in some way 

promoted the movement of Giardia trophozoites down the alimentary tract 

where they encysted before passing in the feces. I have not been 

able to support this hypothesis wIth further evidence to date. Using 

a hemocytometer, estimates were made of the numbers of Giardia cysts 

occurring in the feces of 5 naturally infected hosts. These estimates 

yielded 336,000, 504,000, 600,000, 840,000 and 1,920,000 cysts per gram 

of feces in each of these hosts. The occurrence of Giardia in the 

gray squirrel constitutes a new host record. 

As noted earlier, the assignment of different specific names for 

glardias occurring in different hosts has been a common practice, 

many without reference to cross-transmission studies to substantiate 

their apparent host-specificity. Possibly many of these so-called 

species are synonymous. Attempts to infect other rodents with the 

Giardia I found in squirrels were undertaken. Table XIII outlines 
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TABLE XIII. Animals given drinking water contaminated with Giardia sp. 
cysts obtained from a naturally infected gray squirrel 

Experimental 
host 

Gray squirrel 

Hamster 

White mice 

Chipmunk 

No. animals 
exposed 

3 

6 

6 

I 

No. animals 
Infected 

3 (100%) 

6 (100'7.) 

6 (100%) 

1 (100%.) 

Relative abundance 
of trophozoites 

at autopsy 

Very high 

MOderate to high 

Low to moderate 

Very low 
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the results of those attempts. My results show that all of the animals 

exposed to the cysts in the drinking water became infected with 

~~ from the naturally infected gray squirrel. The average pre

patent period was about 5 to 7 days. Cysts could be demonstrated in 

the feces of the gray squirrels, hamsters and most of the white mice. 

However, no cysts were ever observed In the feces of the chipmunk and, 

when this animal was sacrifIced, trophozoites were relatively scarce 

when compared with the numbers occurring in the other experimental hosts. 

The magnitude of infection of the chipmunk was expected to be similar 

to that of the gray squirrel since they are more closely related, 

taxonomically, than the squirrel is to hamsters and mice. Possibly 

the low infection of the chipmunk was due to its drinking habits in 

that it appeared to drink less water than the other animals, thus re

ceiving fewer cysts. The most important fact is, however, that Giardia 

obtained from a gray squirrel can be transmitted to other hosts. Our 

work shows no host specificity for the parasite. The naturally infected 

gray squirrel has been retained in captivity for 8 months in the 

laboratory, during ~mtch time it has continually passed a high number 

of Giardi~ cysts in the feces. 

In my attempts of In vitro cultivation of Giardia taken initially 

from one naturally infected gray squirrel and experimentally trans

ferred to other gray squirrels, hamsters and laboratory white mice, I 

have only been partially successful. Trophozoites taken from experi

mentally infected gray squirrels were inoculated into cultures as pre

viously outlined. Following the procedures of Karapetyan (1962) in 

which one initial yeast inoculum was used, I kept the trophozoites 
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alive in cultures for 14 days. Signs of multiplication vere evident 

about the fifth day, but from the tenth to the fourteenth day, they 

began dying until none were alive in the cultures. Using the same 

stock medium, other culturing was done in which I followed the modI

fication of ~~yer and Pope (1965) by reinoculating with yeast daily. 

By using this modification, I was able to keep the trophozoites alive 

in culture for 21 days. Multiplication was apparent on the sIxth day 

and continued up to the nineteenth day after which the numbers rapidly 

decreased until all were dead at the end of the twenty-first day. ~o 

other attempts, using experimentally infected gray squirrels as a 

source for the trophozoites, did not yield any better results. Several 

attempts to culture Giardia trophozoites recovered from experimentally 

infected hamsters and white mice were even less successful. These 

trophozoites only survived from one to five days in the culture with

out any apparent signs of multiplication. 

Several reasons may be given for our inability to maintain Giardia 

in culture for extended periods of time. Foremost was the problem of 

pH change which occurred continually, both in the stock media and in 

the culture tube. More pronounced shifts occurred in the latter. The 

changes in pH, which tended toward the acid, were partially alleviated 

by the use of a 0.1 Normal solution of sodium bicarbonate to return to 

pH 7.30 However, after use of this to adjust the pH, undoubtedly there 

was some change in the balance of the salt ions. There was also the 

problem of mold contaminating the media. Other factors may have been 

the strain of yeast and the chicken embryo extract used which could 
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not have been identical to those used in the studies by Karapetyan 

(1962) and Meyer and Pope (1965). 

The following is a brief description of the Giardia sp. from 

the gray squirrel: The trophozoites (Plate 13; Figure 8a) are somewhat 

pyriform In shape. Twenty-five trophozoites measured 13.68 to 20.52 

microns In length by 8.55 to 11.97 microns in width, with an average 

of 16.90 by 10.50 microns. There are two nuclel t two sucking discs 

and 8 flagella present. The shapes of the median bodies are highly 

variable. Some appear rounded while others appear as straight and 

curved bars. The latter were noted particularly in actively dividing 

forms. The cysts {Figure 8b} are usually ellipsoidal and contain four 

nuclei near one end. Several thickened flagella are normally visible 

within the cyst. Twenty-five cysts measured 13.16 to 15.96 microns In 

length by 8.40 to 10.64 microns in width, with an average of 14.12 by 

8.91 microns. The trophozoltes generally occur throughout the upper 

small intestine, becoming less numerous in the ilium and absent in the 

cecum and large intestine. The cysts are usually absent in the duo

denum, a few are to be found in the ilIum, but are mainly seen in the 

cecum and large intestine before passing with the feces. 

Patholog~ 

The squirrels observed infected with giardlas in the general sur

vey did not exhibit any gross pathology or clinical symptoms of distress. 

However, one squirrel, experimentally infected with giardia in the 

laboratory, regurgitated frequently and also had dlarrhetic stools. 
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PLATE 130 Photomicrograph of a trophozoite of Q.iardla sp. from the gray squirrel; stained with iron-alum hematoxylin; 1360 x 
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FIGURE 8. Giardia sP. a. trophozoite b. cyst 
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The anJ.mal was rather sickly in appearance and had a dull, brittle coat. 

Upon sacrifice of the animal no gross pathological lesions were evident 

in the small intestine. 

Conclusions and Summarx 

In my survey of squirrel feces for the occurrence of the intestinal 

flagellate,Giardia sp., I found a relatively low incidence of cysts 

(about 5%) in the squirrels e~amined. I believe that the actual 

occurrence Is probably higher than this in which there may be many 

subclinical infections in which the cysts are not demonstrable in the 

feces. 

From cross-transmission studies it is concluded that there is 

little host specificity shown by the Giardia sp. from the gray squir

rel. I was able to establish infections in 6 hamsters J 6 white mice 

and one chipmunk (100% of the attempts), however, the degree of in

fection was not observed to reach the intensity seen in 3 experimentally 

infected gray squirrels. The prepatent period was about 5-6 days, 

while the patent period appears to last indefinitely. All experimentally 

infected animals were sacrificed while infected. 

I have attempted to culture this organism la vitro using the 

procedures of Karapetyan (1962) and also the modification by Meyer 

and Pope (1965). I succeeded in maintaining them in culture, in which 

multiplication was apparent, for 8 maximum period of 21 days using 

the modification by Meyer and Pope (1965). The procedure of Karapetyan 

(1962) allowed survival in cultures for a maximum period of only 14 
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days. Attempts to culture the ~dia from experimentally infected 

hamsters and white mice using both procedures demonstrated survival of 

the organisms only up to 5 days, usually 1 to 3 days, with no apparent 

multiplication. These differences in the reaction to the culture 

medium between the Giar~! from its natural host (squirrel) and an 

experimental host (hamster and mouse) suggest that there may have been 

some induced changes in the parasite. It is hypothesized that possibly 

some change in the organism had occurred as a result of host influence. 

If so, these were physiological changes since no morphological dif

ferences were noted. 

A new host record is established by my finding Giardia in the gray 

squirrel. This is the third host species of the rodent family 

Sciuridae known to harbor giardias. This discovery has potential 

lnedical significance because hunters come in contact with squirrel 

carca.sses and thus may be exposed to infection. The lack of parasite 

host specificity shown by this organism indicates that it may be of 

clinical importance and the array of species named from various hosts 

may conta in much synonomy" 



II. HELMINrliS 

Bibliographies which include the literature on helminths from gray 

squirrels have been given by Katz (1939), Doran (1954a, 1954b t 1955) 

and Clark (1959). These cited references to the occurrence of one 

species of acanthocephala, one trematode, at least nine cestodes and 

at least nineteen nematode parasites. In view of the numbers of squir

rels examined, the more extensive studies related to helminths of this 

host have been Harkema (1936), Katz (1938), Rausch and Tiner (1948) and 

Parker (1968). Further discussion of the literature will follow when 

each group of organisms is considered. 

Haterials and Hethods 

The viscera and body cavities of 175 gray squirrels were examined 

for helminthR.. Visceral organs were either injected with and preserved 

in 10% buffered formalin for later examination or examined in physio

logical saline while fresh. The larger portions of the alimentary 

tract (stomch, small intestine, cecum and large intestine) were slit 

open longitudinally and washed In running tap water over a #325 screen. 

Th(-~ residue left on the screen was collected in a minimal amount of 

water and, a little at a time, was examinee at 15X under a dissection 

microscope. The inner surfaces of these hollow organs were also ex

amined under the dissection microscope. The duodenum a.nd esophagus 

-91. ... 
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were pinned to a waxdbottomed petri dish for careful observation. lbe 

other visceral organs were dissected and examined under 7xo These in

cluded liver, spleen, gall bladder, lungs, diaphragm, kidney, heart, 

mesenteries and urinary bladder. The helminths were collected, counted, 

identified and stored in 70% ethanol. 

Examinations for microfilariae were made in conjunction with the 

!JeJ2atozoon survey already discussed (modification by Herman and Price, 

1955, of Knott's, 1939, concentration technique) and helminth eggs 

occurring in the feces were recorded in conjunction with the coccidia 

study discussed earlier. 

A. Phylum Platyhelminthes 

Class Trematoda 

Trematodes have seldom been reported in this host. Chapman (1938) 

recorded a "flukett from a gray squirrel in Ohio and Olexlk, Perry and 

Wilhelm (1969) recently reported the trematode, Nudacotx1e sp~, from 

the small intestine of three gray squirrels in Shelby County, Tennessee. 

I did not encounter any trematodes in this study. 

Class Cestoda 

Hall (1911) reported larval Multiceps serial,is (Gervais, 1847) 

Stiles and Stevenson, 1905, from the gray squirrel in the United states. 

In 1928, Schwartz noted the occurrence of "larval. tape'WOrms" in various 

organs of gray squirrels in Falls Church, Virginia, and Bowie, Mary

land. Harkema (1936) reported larval !.!.!!!.i..!. taeniaeformis (Batsch, 
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1786) Wolffhugel, 1911, from the gray squirrel in North Carolinao 

Katz (1938) listed ~atenotaenla sp. and Hymenole2is sp. in gray squir

rels in southern Oh\oo In 1946, Rankin reported Cittotaenla pectinata 

!merlcan~ (Goeze, 1782) Stiles and Hassel, 1896, in western Massa

chusetts~ Rausch and Tiner (1948) reported Catenotaenia pusl1la 

(Goeze, 1782) Janicki, 1904, and Hymenolepis dlminuta (Rudolph!, 1819) 

Blanchard, 1891, tn the North Central states, and Freeman (1954) suc

cessfully infected gray squirrels with the eggs of Taenia crassiceps 

(Zeder g 1800) Rudolph!, 1810, and obtained mature cysticerci. Packard, 

in 1956, reported Catenotaenia sp. in Kansas. Oldham (1961) recovered 

a single C~stlcercus fasclolaris from one squirrel and some other uni

dentified larval cestodes from two other squirrels out of 100 he ex

amined in southeastern England. Parker (1968) reported Catenotaenia 

sp. from southwestern Virginia. Recently Olexlk, Perry and Wilhelm 

(1969) reported the occurrence of Hymenolepis!!!!!! (von Siebold, 1852) 

and an unidentified species of pseudophyllidian cestode from gray 

squirrels of southwest Tennessee. These last two are questionable 

since the li. !!!!!!. "adultsU were reportedly "encysted" in the liver and 

the pseudophyllidian was identified only on the basis of gravid pro

glottid anatomy and operculated eggs. No scolex was recovered. Other 

cestodes of tree squirrels have been mentioned in the literature. but 

the identification of the host species is not very clear 1n these. 
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Results and_Dlscuss~ 

Five hosts (3.00%) harbored adult cestodes in the small intestine 

from which two species were recovered. NO larval cestodes were ob

served in any of the squirrels examined, however, one squirrel used in 

experimental studies of the Giardia SPa was found to be parasitized by 

larval cestodes. Dr. J. A. McLeod of Brandon University, Brandon, 

Manitoba, Canada, tentatively identified these as sparganid-type larvae 

of one of the spirometrids of the cestode order Pseudophyllidea. 

]Eirometra mansonoldes (Mueller, 1935) appears to be the only known 

species in North America. Specific identification could not be made 

from the larval forms which to date have been poorly defined. A total 

of 18 plerocercoids were recovered from this one squirrel in which 15 

were encysted and 3 were free in the body cavities. Of those encysted, 

one was located on the liver and 14 were attached to the mesenteries. 

There was a double cyst wall composed of an outer host generated wall 

and an inner parasite gar-erated wall. The larvae occurring free in the 

coelom numbered one in the thoracic cavity between the lobes of the 

lungs and two ~.n the abdominal cavity among the viscera.. These larvae 

appear to be of the non-buddi.ng type with a single holdfast at one end. 

Order Cyclophyllidea 

Family Catenotaeniidae SpasskYt 1950 

Catenotaenia dendritica (Goeze, 1782) 

Four hosts harbored ~~enotaenla dendrltica and the number of 

worms per infection ranged from 1 to 3 (average 2.00). The hosts of 

these worms were 2 subadult females, one adult female and one subadult 
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male. Three hosts were collected from the fringes of forested areas 

and one from a remote forest area. Two hosts were captured in the 

months of August and two in September. 

This tapeworm utilizes an intermediate host which is a free

living tyroglyphld mite in which the larval stage 15 a merocercoid. 

The definitive host, in this case the gray squirrel, becomes infected 

upon accidentally ingesting the mites which contain the merocercoid 

larvae. 

Apparently the gray squirrel is not the usual definitive host 

for this worm due to the low percentages of infestation. This appears 

to be the first report of this species from the gray squirrel. Other 

hosts from which it has been recorded that inhabit the areas from 

which the infested squirrels were collected include Clethrionomys 

gap2e£1 (Vigors) and Peromyscus !!piculatus (Wagner). Perhaps these 

are the usual definit ive hosts. 

The particular intermediate host involved In the transmission to 

squirrels is not known at the present time. 

Family Hymenolepididae Ral11iet et Henry, 1909 

Hrffienolepls diminuta (Rudolph!, 1819) Blanchard, 1891 

One host harbored one adult Hxmeno1epis diminuta. This worm was 

recovered from an adult male host captured on a farm woodlot in the 

month of June. The worm measured 160 rom in length and 3 mm at its 

greatest width. The eggs were about .068 by .063 mm. 

This species is a common parasite of many kinds of rodents 

including the genera Rattus. Mus and Microtus which occur in 
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southwestern Virginia. It has also been recorded in man. It 

requires an intermediate host in which the larva is a cysticercoid. 

The intermediate hosts recorded for this species are numerous and 

varied, but according to Chandler and Read (1962) are predominantly 

gra.in .. Infest ing' insects such as meal months, earwigs and grain beetles 

and also dung beetles, flea larvae and myrtapods. 

This appears to be the third report of lie dlminuta in gray 

squirrels and the first in Virginia. Previous reports of the genus 

occurring in squirrels were in Ohio (Katz, 1938) and the North Central 

states (Rausch and Tiner, 1948). 

This worm could constitute some pathological importance to squir

rels if it became frequent in numbers and in occurrence. Squirrels 

appear to be accidental hosts, but in such cases possibly serve as 

reservoirs and aid in the dissemination of the parasites. In south

western Virginia the apparent rarity of this species in squirrels 

does not constitute a significant problem. 

Bo Phylum Acanthocephala 

The ,only acanthocephalan reported from gray squirrels has been 

~niliformis clarki (Ward, 1917) Van Cleave, 1924, by Chandler (1947) 

from squirrels in Florida. No acanthocephala have been encountered 

in the present study, however, in the addendum I will report on the 

occurrence of Moniliformis clark!. in squirrels from l"lorida. 
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c. Phylum Aschelmlnthes 

Class Nematoda 

Price (1928) described Helismodendrium hassalll (Price~ 1928) 

Travassos, 1937, from the gray squirrel in Maryland. Cameron (1932) 

described .~terobius scluri from the introduced American gray squirrel 

in Scotland. In 1936, Harkema reported Lonslstriata hassalli-Hellgmo

dendrium hassalli from this host in North Carolina. Katz (1938) 

listed larval Ascaris lumbricoid~ Linn., 1758, Cite1l1nema bifurcatum 

Hall, 1916, He1igroodendrlum hassalli and Rictularia SPa in Ohio. 

"Nematoda" Spa and "pinworms'· were given by Goodrum (1940) in Texas. 

Chitwood and Graham (1940) noted the occurrence of Strongyloides Spa 

in Texas. Reiber and Byrd (1942) listed Citellinema bifurcatup.!~ 

9ite11JLnema s1eggs! ~mnter, 1930 and Strongyloides 2ap1110sus (Wedl, 

1856) Ransom, 1911. Citel1inema blfurcatum and f. s1eggs! were shown 

to be synonymous by Dlkmans (1938). Also in 1942, Chandler reported 

Heligrnodendrium hassall! and described Strongyloides robustus from 

the gray squirrel in southeastern Texas. In 1943, Lucker described 

the nematode~ BOhmiella wilson!, from the stomachs of gray squirrels 

in West Virginia, Virginia and Georgia. Impalal~ Spa and Neclstocirrus 

sp~ were reported by Brown and Yeager (1945) in Illinois. Rausch and 

Tiner (1948) listed a number of nematodes found in gray squirrels in 

some of the North Central states. These included BOhmiella wllsoni~ 

Heli8modendriu~ hassall!, immature Physaloptera sp., Rictularia sp •• 

Rictula~i~ halli Sandground~ 1935, and Trichostrongx1us calcaratus 

Ransom, 1911, from \Hsconsin; Capillaria sp. from Ohio and Wisconsin; 
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§!FongIloid~ sp. from ~lichigan and Wisconsin and Citellinema 

bifurcatum and Trichostrongylus sp. from Hinnesota. Capillaria 

!!!!l.,ericana '-7as described by Read (1949) from gray squirrels in Illinois, 

Ohio and Hlsconsin. Also, in 1949, Tiner reported the experimental 

infection of a gray squirrel in Illinois with larval Ascaris columnaris 

Leidy, 1856 8 Packard (1956) reported the occurrence of Strongyloides 

~bustus in gray squirrels in Kansas. Microfilariae were reported 

from gray squirrels in the \.Jashington, D. C.-Baltimore, Naryland area 

by Price (1954) and in Georgia by Robinson (1954). ~vans, Phillips 

and Bickley (1959) reported the occurrence of the microfilaria, 

Dipetalonema sp., in Naryland. In 1962, Price described a microfilaria 

from the gray squirrel in Haryland, giving it the name ,Pipetalonema 

}n~~!stiti~~. Parker (1968) reported five species of nematodes from 

gray squirrels in southwestern Virginia. They were Citellinema 

~ifurcatum, Bohmi~~ w!lsoni, Contracaec~ sp., Rictu1aria coloradensi~ 

Hall, 1916 and SYpahcia !!:!2.mpsoni Price, 1928. Olexik, Perry and 

Wilhelm (1969) listed CJtellinema sle~~si (p£. bifurcatum), Rictularia 

sp , Heligmosomum sp. (probably the genus Heligmodendr!wJI), Strons~

~ sp.~ Capillaria sp. and a large stomach worm of the Tricho

strongylidae (probably Bohmiella) from gray squirrels in southwestern 

Tennessee. Lichtenfels (1970) recently described the nematode, 

Pt.er~odermatites Earkeri, from this host in southwestern Virginia. 

Table XIV provides a cross-reference to this literature for easy 

reference and locality distribution comparisons. It can readily be 

seen that the data from many localities within the gray squirrel's 

distribution are widely scattered or lacking. 
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TABLE XIV. Cro •• reference to the literature of nematode para.ite. ot the gray aquirrel, 
Sclurua carolin.nala. tor reported localitle. 

LocaUti •• 

Nea.tode ; 

I~ specie. 
III iii 

II 
~,~ 

i !! I: ! lili ~,a IS !1 
:II:! :iI: 

Ascaris co1umnarl.~ (larval) X 
Ascaris lumbricoid •• (larval) 

BohmleUa WIl.onr IX 

Capillaria sp_ 

'capIllaria americana X 

Citel11nema blfurcatum X 

Cltel11nema sleggai-C. 
blfurc.tum X 

Contr.caecum ap. (larval) 
Dipetalon .... ap. X . . 

Dipet.lon ... Interstitium X 
Enterobius aclur! 
Hellgmodendrlum hassalll 

X 

lJiiij;aIa~ X 
~°Longistrlata ha.salll X 
Mecistocirrus sp. X 
mlcrotUarlae xri=t 

X 
nematoda specre;s-----o---~ Physaloptera sp. (larval) 
pinworms 
pterygodet'llili.t ltes parker! 
Rictu1arla sp. m liIctularla ~~loradensis 
Rlctularla halli 
Strongyloides sp. X 

Strongylo lOeS-paplllosus 
strongyloides robustus 

X 
Syphacia tho~sonl 
Trichostrongylus sp. X 
Trichostrongylus calcaratus 

ft Trichostrongylus retorta.formis 

1/ Introduced American gray squirrel h08t 
2/ Experimental infection 

X 

X 
X 

X 

X 

I 

X 

U 
&. .... 
a a 

• ~Ij :,; M : j 
11 

-;- Il .. i ;:, 
'Ii 

X X 
X 

X 
X 

X 
X 

X 
X 

X 

X 
X 

X 

.x 
X 

X 

X 

X 
X 

X 
X !! 

X 
X 

X 

X 
X 
X 

X 

X 

,lI 
X 

aeterellc.a 

1 
i 

Tiner (1949) 
Katz (938) 

X Oldham (1961) 
Lucker (1943) 
Rausch and riner (1948) 
Parker (1968) 
Rausch and Tiner (1948) 
Hanson (1966) 
Olexlk. at. al. (1969) 
Read (1949) 
Rauach and riner (1948) 
Rausch and Tiner (1948) 
Reiber and Byrd 11942) 
Katz (1938) 
Parker (1968) 
Re~ber and Byrd (1942) 
Packard (19~6) 
Parker (1968) 
Evans, et. ale (1959) 
Price (1962) 
CUleron (1932) 
Rausch and Tiner (1948) 
Olandler (1942) 
Price (1928) 
Katz (1938) 
Brown and Yeager (1945) 
Harkella (1936) 
Brown and Yeager (1945) 
Price (1954) 
Robinson (1954) 
Goodrum (1940) 
Rausch and Tiner (1948) 
Goodrum (1940) 
Lichtenfels (1970) 
Rausch and Tiner (1948) 
Katz 09l8} 
Olexlk, et. al. (1969) 
Parker (1968) 
Rausch and Tiner (1948) 
Rausch and Tiner (1948) 
Olltvood and Graham (1940) 
0lexlk. et. a1. (1969) 
aelber and Byrd (1942) 
Olandler (1942) 
Packard (1956) 
Parker (1968) 
aausch and Tiner (1948) 
Rausch and Tlner (1948) 
cameron and Parnell (1933) 
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~ults and Discusslo~ 

A total of 12 species of nematodes, representing 8 families and 6 

orders, were recovered from 175 gray squirrels. Table XV lists these 

species and gives the percent of squirrels infected, numbers recovered, 

range of intensity and average per infected squirrel. A total of 109 

(61.71%) squirrels harbored nematodes. The number of nematode species 

per host ranged 1 to 6 (average 1.87) species per host infection, and 

the number of worms per infection ranged 1 to 170 (average 20.76) worms 

per infected host. The most common species was Citell1nema blfurcatum 

(45.23%), with Strongyloides robustus and Bohmiel1a wilsoni second and 

third, respectively. 

The nematodes I observed may be divided into four categories on 

the basis of their modes of transmission and development: those which 

exhibit free-living stages in the soil and reach the host by penetrating 

the skin or by ingestion (Strongyloides, Trichostrongylus, Citellinema, 

~ohmi~!.!.!. and ~modendrium); those which have adlrect life cycle 

and the larvae usually develop and remain in the egg to be eaten by the 

host (Capillaria, Ascaris, SIPhacia and Enterobius); those which re

quire an intermediate host to complete their development (Gongylonema); 

and those in which the life history Is improperly known at the present 

(Pter~.2dermat ites and Contracaecum). 

In examining the data of all hosts harboring nematodes, considera

tions were made to determine what correlations might exist between 

incidence and degree of nematode infection and sex and age classes of 

the hosts, localities in which hosts were collected and seasonal varia

tions., 



TABLE XV. Nematode parasites recovered from 175 gray squirrels. Sclurus carolinensis 
Gmelin, 1788$ in southwestern Virginia, September, 1966-July, 1969 

Species 
No. squirrels 

infected 
'X Total no. 

infected 1 recovered Range 
Avg./inf. 
squirrel 

------------------_.-,---------------------------------------------------,--------------------------,,--_ .. _---------------_. __ .... _------_. 
Citell!nema bifurcatum 76 45.23 1146 1 .. 158 15.08 

Strongyloides ~obustus 47 28.14 528 1-92 11.23 

BOhmlella wilsonl 18 13.85 123 1-31 6.83 

Capillaria americana 12 7.14 22 1-3 1.83 

Hellgmodendrium hassalli 11 6.58 228 1-65 20.73 

Syphacia thompsonl 9 5.35 151 1-135 16.78 

Pterygodermatites £!~ 7 4.16 18 1-10 2.57 

Trichostrongylus calcaratus 7 4.16 10 1-4 1.43 

Enterobius sclurt 4 2.38 14 1-11 3.50 

Gongylonema pulchrum 4 2.38 13 1-6 3.25 

Ascaris !.~mbricoldes (larval) 1 0.59 1 1.00 

Oontrscaecum sp. (larval) 1 0.59 1 1.00 

11 From host to host the visceral organs sometimes differed slightly because other 
investigators removed them before I could examine them. Therefore. refer to the text 
for the exact numbers of hosts examined for each species according to the organs where 
they occur. 

...... 
o 
1-1 
I 
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Table XVI illustrates the percent of squirrels infected in re-

latlon to the sex and age classes of the hosts. In examining the per-

centages of the age classes for the total examined, it appears that 

the juveniles and adults have higher infection rates than the subadults. 

However, this may not be the real condition 1n the population. It Is 

expected that infection rates should increase with the age of the host. 

Since I did not get these results, I believe it is due to the sample 

size in each age class. The juvenile sample totaled 21 hosts; the sub-

adult sample totaled 49 hosts; and the adult sample totaled 105 hosts. 

Therefore, the smallness of the juvenile sample in comparison with the 

subadult and adult samples apparently influenced these results. In 

examining the average percentages according to host sex, the numbers in 

each sample size are similar and indicate a higher incidence of nematode 

infection in the males. 

Data regarding squirrels collected from different localities were 

considered. Since the entire collecting area was basically a continuum 

of the eastern deciduous forest biome and vegetational types did not 

appear to differ sharply from one collection site to another, it was 

decided that it might be possible to study squirrel nematode parasites 

on the basis of the nearness of the squirrels collected to human en-

vironmental influence. Therefore, four such areas were selected and 

are herein defined: 

TOWN - squirrels that were collected within the town limits of 
Blacksburg or from the V. P. I. campus proper where there is ready 
access to lawns, and people and domestic animals are present; 
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TABLE XVI. Incidence of nematode infection according to the sex and 
age classes of the gray squirrel hosts 

Age classes 
Males Females Totals 

Examined % tnf. Examined % Inf. Examined % Inf. 

Juveniles 14 64.28 7 71.42 21 66.66 

Subadults 24 66.66 25 40.00 49 53.06 

Adults 48 70.83 57 61.40 105 65.71 

Totals 86 89 175 
and 

averages 68.60 56.06 61.71 
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WOODLOT - squirrels collected from farm woodlots which are, for 
the most part, isolated stands of trees, which are usually separated 
from other such areas by pastureland or fields and where there may be 
occasional visits by man or domesticated animals; 

FOREST FRINGES - squirrels collected from the extremities of 
extensively forested areas with moderate to heavy understory, that may 
be adjoining farmlands .nd roads, but regular intrusions by man is not 
as pronounced as In the first two areas; 

RE~~TE FOREST - squirrels collected deep in the interior of heavily 
forested areas, considered to be remote from human habitation as com
pared with the other areas. 

Figure 9 shows a comparison of percentages of infection and average 

numbers of nematodes per infection between these designated areas. The 

town sample yielded the lowest percentage (11.10%), the woodlot and 

remote forest samples were higher, each with similar rates, 66.66% and 

72.00%, respectively. The highest percentages occurred in the forest 

fringes sample (87.75%). The forest fringes area also showed a 

greater nematode species diversity and averaged 2.21 species per in-

fection. The town, woodlot and remote forest samples averaged 1.00, 

1.54 and 1.55 species per infected host, respectively. The average 

number of worms per infected host was 1.75 in the town sample, 12.72 

in the woodlot sample, 35.53 in the forest fringes sample and 7.22 

in the remote forest sample. Katz (1938) observed In Ohio that squir-

rels collected from forested areas did not show a significantly greater 

susceptibility to parasitism than those taken from small woodlots, 

however, higher numbers of parasites per infection occurred in the 

forests than in the woodlots. It is therefore evident that certain 

characteristics of the forest fringes environment exist which better 

fosters the transmission of nematode parasites than the other areas. 
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FIGURE 9. Percent infected and average number nematodes per infection 
according to habitat of the hosts 
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One can only surmise what these may be. Perhaps there Is greater di

versity of habitat due to a transitional zonation. Possibly shade, 

moisture and soil conditions are more favorable here than in the other 

areas yielding greater survival of the parasites to infect squirrels. 

The data were examined to see what seasonal variations might occur 

for the total number of nematodes harbored by the squirrels. The 

calendar dates December 21-~.rch 20 were the collection dates for the 

winter sample; March 2l-June 20 the spring sample; June 21 to September 

20 the summer sample; and September 21 to December 20 the fall sample. 

Figure 10 shows, by means of a bar graph, the seasonal percentages of 

infection and average number of nematodes harbored per host. The 

lowest percent infected occurred In winter (40.00%), the highest in 

spring (85.71%), with a steady decline into summer (69.23%) and fall 

(60.00%)~ If the spread of nematodes among squirrels was directly 

related to the density of the squirrel population, the results obtained 

herein should closely follow that assumption because the population, 

being at a low point in winter, reaches its high point In spring and 

decreases through summer and fall although there Is a second litter 

produced in late summer or early fall which retards the decline. 

Looking at the average number of nematodes per infected squirrel, there 

is a steady increase from a minimum In winter to a maximum in summer. 

A considerable decrease is noted in the fall. Perhaps there is some 

sort of lag phenomenom illvolved. Possibly. due to the maximum number 

of squirrels infected 1n spring, the spring squirrels contaminate the 

soil, from which the summer squirrels become infected. Since the 

results showed a somewhat lower percentage infected In summer, perhaps 



-107-

FIGURE 10. Seasonal incidence and intensities of nematodes in 175 

gray squirrels, 1966-1969 
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squirrels may spend more time in the trees than on the ground at this 

time of year than at other times, whereby the ones that do frequently 

visit the ground become more heavily infected. These aspects will 

be given more consideration in the discussion of the three most common 

species of parasites in this study. 

On the next few pages will be given a brief discussion of each 

nematode species encountered in this study. 

Subclass Aphasmidia 
Order Trlchurldea 

Family Trlchurldae Ralliet, 1915 

Capillarie americana Read, 1949 

This nematode Was found in the small intestine of 12 (7.14%) 

squirrels. The worms were usually embedded in the mucosa of the gut 

wall and were always located from 5 cm below the pyloric sphincter to 

the lower end of the duodenum. None were recovered from the jejunum 

or ileum. All infections were light. The numbers of worms ranged 

from 1 to 3 with an average of 1.83 per infected host. All the worms 

recovered were females. The incidence shown by this study is somewhat 

lower than that of Olexik (1968) who recorded Capillaria sp. in 7 

(17.5%) of 40 gray squirrels examined in southwest Tennessee. 

The type host for this worm is G1aucomys volans volans (Linn., 

1758). Other hosts given by Read (1949) are Sclurus carolinensis 

leucotis Gapper, 1830, Peromyscus manlculatus bairdi! Hoy and Kennicott, 

1857, and Peromyscus leucopus noveboracensis (Fischer, 1829). The type 

locality is Illinois, with another locality in Wisconsin. The worms 

recovered from gray squirrels and reported in the literature under the 
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name of Capillaria sp. by Rausch and Tiner (1948), Hanson (1966), 

Olexik (1968) and Olexik, Perry and Wilhelm (1969) probably belong to 

this species. 

These small worms have a simple life cycle as do most of those in 

the family Trichuridae. The eggs (Plate 22), which exhibit the 

characteristic barrel-shape, with a plug on each end, reach the soil 

by way of fecal contamination and, with sufficient moisture, become 

infective after about 3 to 6 weeks of embryonation (Chandler and Read, 

1962). Infection results from ingesting material containing embry-

onated eggs or hatched larvae. 

Capillaria americana does not appear to pose any serious patho-

genic problems to squirrels in southwestern Virginia as indicated by 

the low incidence and light worm burdens. The tunneling of these worms 

in the gut mucosa does not appear to cause any significant pathology. 

It is not known what pathology heavy infections would induce. 

Subclass Phasmidia 
Order Rhaddiasidea 

Family Strongyloidldae Chitwood and McIntosh, 1934 

§trongYloides !Obustus Chandler, 1942 

This species occurred in the duodenum of 47 (28.14) of 167 hosts 

examined. Numbers ranged from 1 to 92 (average 11.2), and all the 

worms recovered were parasitic females; the males being free-living 

in soil. 01exik (1968) reported Strongyloides sp. in 19 (47.5%). 

Generally, these worms are restricted to the upper portion of the 

duodenum near the pyloric sphincter. They are usually embedded in the 

mucosa, and often bore through it and become tangled in the intestinal 
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villi. Occasionally the worms are found in the tissue surrounding 

the opening of the bile duct. They are rarely encountered more than 

15 em below the pyloric sphincter. 

This species was most difficult to remove without breaking. A 

#1 dental pulp file with the first few millimeters of the tip bent at 

a right angle to the shaft was used to recover the worms. With this, 

the duodenum, which had been pinned to a wax-bottomed petri dish, was 

examined for worms by using raking strokes with the tip passing between 

and through the villi. This method tended to dislodge worms that were 

not readily visible on the mucosal surface. Digestion techniques for 

the recovery of these worms were not used because many of the host 

viscera had been preserved in formalin. 

This species was first described from the gray squirrel by 

Chandler (1942). All those organisms from this host listed in the 

literature as ~rongYloides sp., clS well as the name ~. papillosus by 

Reiber and Byrd (1942), probably belong to the same species, ~. 

rpbustu! (see Table XIV). Apparently, no redescriptions of ~. robustus 

have been presented since the original one by Chandler (1942). Since 

his description was based upon only 13 specimens, data from additional 

specimens from other localities, such as those reported on herein, 

should be beneficial to future students. Table XVII presents the data 

as gleaned from 20 specimens and provides a comparison with those given 

III the original description by Chandler (1942). The measurements re

corded herein show slightly greater ranges which are to be expected in 

a larger sample size. None of the cl1aracters appear to differ signi~ 

ficantly. 
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TABLE XVII. Characteristics of Strongyloides robustusChandler, 1942, 
from the gray squirrel in southwestern Virginia as compared with those 
described from the gray squirrel in Texas 

Locality 

Parasitic females 

No. specimens measured 

Total length (mm) 

Maximum diameter (mm) 

Esophagus length (rom) 

Esophagus % total length 

Vulval distance from 
posterior end (mm) 

Post-vulvar length 1. of 
total length 

Shape of tail 

Present study 

Virginia 

20 

3.90-7.84 
(6.01)a 

.050-.069 
(.055) 

.9R-1.30 
(1.13) 

14.80-26.79 
(19.37) 

1.37-3.56 
(2.41) 

29.4-48.4 
(39.8) 

Clavate 

Eggs (mm) 8040-.071 x .023-.035 
(.054 x .028) 

Incidence 

Degree of parasitism 

a/ Average 

28% of 167 hosts 

1-92 worms 
(11.2) 

Chandler (1942) 

Texas 

13 

4.5-6.8 
(6.1 ) 

.040-.075 

.86-1.26 
(1.14) 

17.7 .. 19.0 

1.60-2.88 

35-43 

Not given 

.055-.060 x .027-.030 

50% of 4 hosts 

Moderate numbers 
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In examining my data concerning this species, attempts were made 

to determine what correlations might exist between tqe occurrence of 

this norm and sex and age classes of the host, localities in which 

hosts were collected and variations between seasons. 

Table XVIII shows the percent of squirrels infected, subdivided 

into the sex and age classes of the hosts. The juvenile and subadult 

males Bnd females had a lower frequency of infection than the adults 

of either sex. '~en considering all the males of all ages as one group 

and all the females as another, the infection appears to be slightly 

higher in the males. In speculating over the reasons for this, one 

idea I might suggest is that perhaps this is due to males having a 

greater home range than females (Bakken, 1952; Robinson and Cowan, 

1954; Deebel, 1967), thus facilitating more frequent opportunities to 

encounter infective stage larvae in the soil. These data, however, 

differ from that of 01exik (1968) who recorded Strongyloides spo in 3 

(21.4%) of 14 male gray squirrels and in 16 (61.57.) of 26 female gray 

squirrels he examined in southwest Tennessee. When c~nsidering the 

total of both sexes as a separate age classes, the juveniles show a 

slightly lower percentage infected than the subadults; and similarly, 

the subadults show a lower percentage than the adults. This is to be 

expected since I assume that the older the animal becomes, the chances 

cf encountering infective larvae become greater. 

Figure 11 shows relative differencies in percent infected and 

average number of worms per infection when hosts from different locali

ties are compared. The group collected from town yielded low percent

age and numbers, those from woodlots a little higher and those from 
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TABLE XVIII. Incidence of infection with Strongyloides robustus 
Chandler, 1942, related to sex and age classes of gray squirrel hosts 

Age classes Males Females Totals 
Examined % tnf. Examined % tnf. Examined % Inf. 

Juveniles 14 14.29 6 0.00 20 10.00 

Subadults 21 9.52 24 12.50 45 11.11 

Adults 46 47.83 56 32.14 102 39.22 

Totals 81 86 167 
and 

averages 32.10 23.72 28.14 
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FIGURE 11. Percent infected and average number per infection of 

Strongyloides robustus Chandler, 1942, correlated with habitat 

Q 
I..I.J .... 
(.) 

LaJ 
u.. 
z 

~ 

100 

80 

60 

40 

20 

TOWN 
(35)3 

WOODLOT 
(66) 

al Number examined 

FOR EST 
FRINGES 

(49) 

REM OT E 
FO RES T 

(25) 

18 

14 

10 

6 

2 

o 
z 



-115-

forest fringes highest, while those from remote forest areas were 

within a range comparable with the town group~ These differences are 

difficult to explain. Perhaps one explanation for the higher figures 

in the forest fringe gl"OUP may be due to a greater access of the hosts 

to more diverse habitat: conditions in which some factor or factors would 

enable greater survival rates of the larvae in the soil. Possibly 

these may include soil humidity, soil type, humus thickness and leaf 

litter cover, pH~ temperature, etc. O1andler and Read (1962) state 

that nThe larvae of Strongyloides are easily destroyed by cold, desic ... 

cation, or direct sunlight, and are rather short-lived even under the 

most fa~~rable conditions. This probably accounts for the infrequence 

of .?£.!:ons:£:loi.des infections outside warm, moist climates." 

It is my opinion that these percentage differences may be due, 

in. part At least, to altitudinal differences, or rather to environmental 

differences which exist as a result of differences in elevation. This 

conjecture was proposed after a reexami.nat Ion of the data in which est i-

mates of th('! altitude at 'ldhich each squirrel was collected were consi-

deredo The group of squirrels collected from town came from an average 

elevat ion. of 2100 ft '!)' those from woodlots also 2100 ft., those from 

forest areas 1900 ft. and those from remote forest areas 2680 

K~''T~r-ning Figure 11, the highest percent infected and the great-

est numbers of \lOrIns was in the forest fringes group, and this group 

was ,glso collected from the lowest average elevat ion. To further pur-

sue this point, Table XIX shows percent infection and average number of 

worms per infection according to elevation. Although there were marked 

differences in the sample sizes at various elevations and thus the data 
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TABLE XIX. Incidence of infection and average numbers of Strongyloides 
~ Chandler, 1942, harbored at various elevations at which the 
gray squirrel hosts were collected 

""'!II!'.;!«riII" :$0)(01$ .......... ..,._ 

Elevation (ft. ) Number Per cent Average no. 
examined infected wormsl inf. 

1700 14 50.00 17.86 

1800 9 77.77 25.29 

1900 2 50eOO 12 .. 00 

2100 120 24.16 7.38 

2500 14 21.42 1.67 

2700 2 0.00 0.00 

3300 2 0.00 0.00 

3500 4 0.00 0.00 
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are not conclusive, apparently there is a decrease in the percent of 

squirrels infected with Strongyloides, and also an apparent decrease 

in the number of worms per infection, as altitude increases. 

Since the town sample and woodlot sample were both taken at an 

average altitude of 2100 ft~, the lower percentage infected in the 

former may be due to desiccation and sunlight reducing the numbers of 

larvae in soil whereas more shade and moisture fostered a higher per

centage of infection in the latter habitat. 

Squirrel population densities may possibly be higher in town and 

in woodlots than In tha other areas, due to availability of food and 

nesting sites, and reduced predation. If this be the case, the present 

data do not show any correlation between host density and percent In

fected with this species in the habitats designated. Therefore, for 

the present, I must assume that certain environmental conditions are 

invol'v'ed wh ieh 1 imit rates of infect ion. 

Further, percent infected and average numbers of worms per squir

rel were examined to determine what variation might occur between seasons 

(Figure 12). It was observed that the lowest nwnbers of squirrels 

Infected occurred in winter (5.41%)t the highest in spring (50.00%), 

with a decrease through summer (38.29%) and fall (23.63%). The average 

number of worms per squirrel, however, increased from winter to a pe~k 

in summer, then showed a considerable drop in the fall~ The percent 

infected w~s greatest in the spring when the host population density 

Is high, probably accoun.ting for a greater dissimination of parasites. 

However, the height of the bar for the spring sample must be accepted 

cautiously because this may have been influenced by the relatively 
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FIGURE 12. Percent infected and average number per infection of 

Strongylo1d~s robustus Chandler t 1942,correlated with seasons 
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smaller sample size. It is difficult to explain why the summer sample 

showed about 12% lower rate of infection than the spring sample but 

averaged about twice as many worms per infection. It is my opinion 

that the movements of squirrels on the ground at this time of year is 

tninimal and possibly the squirrels that do visit the ground become more 

heavIly infected due to more infective larvae being in the soil at that 

time. These hypotheses demand further attention in future studies. 

Order Ascarididae 
Family Heterocheilidae Ral1liet and Henry, 1915 

Oontracaecum sp. (larval) 

One larval .Contracaecum sp. occurred in the small intestine of one 

squirrel (0.59%). It appears that this occurrence is entirely acc!-

dental", Hembers of the genus Contracaecum are worldwide in distribu-

tion and are parasites of fish, birds and fish-eating mammals. Yams-

guti. {1961} listed no mammals in the southeastern United states as hosts 

of any specIes of the genus. However, he does list several birds and 

fish that are native to the area as hosts for certain species of 

Contracaec~~. At present no further explanations for this occurrence 

in squirrels can be given. 

Family Ascarididae Blanchard, 1849 

Ascaris lumbrlcoide~ Linn., 1758 

One specimen of an i!1mature Ascaris l,!-lmbricoides l·TBS recovered 

from the small intestine of a single (0.59%) gray squirrel. The 

specimen was a female worm about 112 mm in length. There was no 
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evidence of egg production. 

AscarJ.s lumbricoides has been reported in several hosts including 

man, mice, monkeYR, bears, muskrats and squirrels. The worm has been 

reported in the fox squirrel, Sciurus niger ruflventer, by Brown and 

Yeager (1945) and Tiner (1951) and in the gray squirrel by Katz (1938) 

and Oldham (1961)6 Katz (1938) recorded one immature female Ascaris 

lu~brl:oid~s which measured 72 rom in length. Only one host was infected 

of the 72 (1.4%) that he examined .. 

According to the results of the present study, in which this 

species showed a low p~rcentage of occurrence and the worm was immature, 

it appears that this occurrence ls accidental. To bear out this assunlp-

tion, the reports from tree squirrels in the literature appear to have 

been of larval stages also. 

Order Oxyuridea 
Farni ly Oxyurid~~e Cobbo Id, 1864 

S~hacla tho~~ Price, 1928 

This nematode was harbored in the cecum and large intestine of 9 

(5.35%) gray squirrels. ~rumbers of worms harbored ranged from 1 to 135 

with an average of 16.78 per infection. These figures may be somewhat 

misleading because the infections were, for the most part, very light. 

Six hosts haX"bored only "'>!1e worm each; one host harbored two worms; 

one harbored eight worms; and one exceptional individual hflrbored 135 

'Worms. 

1~sl! !Pompso~ is a new host record for the gray squirrel and 

was so designated in roy preliminary research report (Parker, 1968). 
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Other hosts of this species in the United States include the flying 

squirrel (type), ~~comys volens volans, in Virginia by Price (1928) 

and Gla.ucomy~ .~abrinus macrotu.§. in Nichigan and Wisconsin by Rausch 

and Tiner (1948), and the red squirrel, Tamias.9iurus h't!.~ .. sonlcus in 

Wisconsin by Tiner and Rausch (1949). 

The life cycle of this nematode is simple and direct. Upon in

fection the larvae become sexually differentiated in about 48 hours. 

Burther details into the life cycle are given by Chan (1951; 1952). 

!Uterobius sciur! Cameron, 1932 

This nematode occurred in the cecum and large intestine of four 

(2.38%) hosts. Infections were light, ranging from 1 to 11 worms per 

host with an average of 3.50 worms per infected squirrel .. 

. ~n~erobius ~t "(vas first described by Cameron (1932) from the 

introduced Ameri.can fl:Cay squirrel in Scotland. Subsequently, this 

species has only been reported in the United States from the flying 

squirrel, Q~ucomys .Y!?J~ yolans, and fox squirrel, Sciurus !l,ip;er 

,Lufiventer, i.n Ohio, l'ii(!higan and '~']isconsin by Rausch and Tiner (1948). 

Therefore, this is the first report of its occurrence in the gray squir ... 

I'el in l:brth America.. I have also observed the species in borth 

Carolina gray squirrels in which infections were very heavy (see 

Add f3ndum) • 

The eggs of ~teroblu~ (Plate 16) are voided with the feces and 

the part ially developed embryo matures in several hours.. Infect ion 

results from swallowing the eggs containing fully-developed larvae. In 
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the gut, the larvae hatch and temporarily burrow into the mucosal wall, 

usually in the region of the cecum, where they remain for a while before 

growing to maturity in the lumen (Chandler and Read, 1962). 

Order Strongyl idea 
Family Trichostrongylidae Leiper, 1912 

Trichostrongylus ca1caratus Ransom, 1911 

This nematode was found in the small intestine and cecum of 7 

(4.16'%) squirrels. Numbers ranged from one to four with an average of 

1.43 worms per infected host. These worms are very small and have a 

narrow cephalic and esophageal region and the body increases in diameter 

posteriorly. They are difficult to observe even when the gut is pinned 

out and viewed at 15X under the dissection microscope. Usually the 

worms have their narrow head portion embedded in the mucosa of the gut 

and are not readily dislodged by the washing technique., 

In addition to the gray squirrel, I. calcaratus occurs in rabbits 

(Sylvilagus sp.) and hares (Lepus sylvaticus and Oryctolagus sp.), 

muskrats (Ondatra zibethica), woodchucks (:Harmota ~) and fox squir ... 

rels (Sciuru~ niger rufiventer) in the United States. 

The eggs of the nematode are passed with the feces of the host and, 

under favorable conditions, the larvae hatch and develop to the in-

f0ctive stage in about 4-6 days. For some species it has been shown 

that the larvae migrate on vegetation to where they are vulnerable to 

the ~razing activities of herbivores (Levine, 1963; SouIsby, 1965). 

These movements have been shown to be influenced by temperature, lIght 

intensity and moisture. The morphological features of the 
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developUlental stages of Trichostrongylus is gIven by Douvres (1957). 

The pathogenesis and immunology of Trichostrongylus spp. have been 

given for domestic animals. The effects on gray squirrels is unknown, 

and, among those examined, there were only light infections and no 

indication of significant pathology. 

fitellinema blfurcatum Hall, 1916 

This nematode was the most common helminth harbored by the squir

rels studied. A total of 1146 worms were recovered from the duodenum 

and stomach of 76 (43.43%) hosts. ~bst of the worms were found in 

the first few centimeters below the pyloric sphincter. The head 

portions were often embedded in the duodenal mucosa; and in heavy in

fections many worms were entangled together only to be separated with 

much difficulty. rfumbers of worms ranged from 1 to 158 with an average 

of 15.08 worms per infected host. Apparently the few worms recovered 

from the stomach were the result of post mortum migrations since none 

were found to be attached to the stomach mucosa. These data may be 

compared with that of Katz (1938) who found this nematode in 25 (34.7%) 

gray squirrels out of 72 examined with an average number of worms per 

infestation of 11.7, while the maximum number recovered from an indi

vidual host was 122. Olexik (1968) recovered this worm in 17 (42.5%) 

of 40 gray squirrels examined in southwest Tennessee. The highest 

degree of infestation recorded was 78 worms. The infection rates of 

my animals most closely corresponds to that reported in the latter 

study. 
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Citeilinema bifurcatum has been reported from a number of species 

of tree and ground squirrels in the United States and a few in Canada. 

A list of the reports of this species in gray squirrels is given in 

Table XIV. Most of the other host species are to be found in Hall 

(1916), Katz (1938), Dikmans (1938), Reiber and Byrd (1942), Rausch 

and Tiner (1948) and others which are catalogued by Doran (1955a). 

Apparently the details of the life cycle of this worm have not 

been elucidated. Probably the eggs mature in the soil and either 

hatched larvae or infective larvae remaining in the eggs penetrate the 

skin or are swallowed by the host to ultimately reach the small 

intestine. The worms encountered in the present study were either 

adults or immatures completing their final stages of maturation. All 

were distinguishable as males and females, however, the sizes were 

greatly variable. The small sizes and absence of egg production in 

some of the worms indicated that development was not complete. 

As with Strongyl?ides robustus discussed earlier, attempts were 

made to determine what correlations might exist between the incidence 

of Citellinema ~~~ in relation to the sex and age classes of 

the host, localities in which the hosts were collected and variations 

between seasons. 

Table XX sho,{s the percent of squirrels infected, subdivided into 

the sex and age classes of the hosts. These data show a slightly 

higher percentage of infected squirrels In the males (47%) than in 

the females (40%). References were cited in the discussion of 

Strongyloides indicating that males have greater home ranges than 

females, In which I speculated that it may be one factor accounting 
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TABLE XX. Incidence of infection with Citeilinema blfurcatum Hall, 1916, 
related to sex and age classes of the gray squirrel hosts 

Age classes Males Females Totals 
Examined % inf. Examined 10 inf. Examined % inf. 

Juveniles 14 42.86 7 71.43 21 52.38 

Subadults 24 37.50 25 16.00 49 26.53 

Adults 48 52.08 57 47.37 105 49.52 

Totals 86 89 175 
and 

averages 46.51 40.45 43.43 
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for the higher rates in the males. The higher percentages shown by 

the juvenile females over subadult and adult females, and similarly, 

the juvenile males over the subadu1t males, cannot be explained by 

the data presented herein. Higher percentages in the older age 

classes would be expected but my data do not support this assumption. 

The main factor to consider on this point is the smallness of our 

juvenile sample. These data are opposite from that of Olexik (1968) 

who recorded a higher incidence in the females in which this worm 

occurred in 5 (35.7%) of 14 male gray squirrels examined as compared 

with 12 (46.1%) of 26 female gray squirrels examined. 

Figure 13 shows relative differences in percent infected and 

average number of worms when hosts from different localities are com

pared. The town sample shows the smallest percent infected (2.85%), 

the woodlot sample is considerably higher (36.64%), while the highest 

was recorded in the forest fringes sample (77.55%). The sample from 

remote forest areas showed B lower percentage (52.00%), but constituted 

the second highest area for infection with this worm. The average 

number of worms per host infection was closely correlated with the 

percentages of infection in each area. These differences between the 

localities are similar to those explained in the discussion of 

StrongYloide~. Also these data closely reflect the observations of 

Katz (1938) who noted that f. blfurcatum occurred more frequently in 

forest inhabiting squirrels as compared with those from small woodlots. 

He showed that 34.7% of 72 squirrels examined from heavy forest were 

infected whereas only 25.0% of 16 animals examined from small woodlots 

were infected. 
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FIGURE 13. Percent infected and average number per infection of 

Cltell1nema bifurc.tum Hall, 1916 correlated with habitat 
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Table XXI shows the percent infected and average number worms per 

infection according to the altitudes at which the hosts were collected. 

Unlike the results for Strongyloides, Citellinema blfurcatum does not 

show any particular correlation with elevation, except that higher worm 

burdens were encountered at the lower altitudes. In future studies, 

larger sample sizes collected at each altitude may provide enough 

information to reach some conclusions in this area of study. 

finally, the percentage of infected squirrels and the average 

number of worms per animal were examined to determIne what variations 

might occur between the seasons of the year (Figure 14). These data 

showed the lowest percentage of infections in winter (15.00%), a consi

derably higher percentage in spring (46.43%) and the highest in summer 

(57.69%), while the percentage in the fall dropped off again (49.097.). 

The average number of worms per squirrel were very similar in the 

winter (9.67), spring (8.85) and fall (10.48); however, the summer 

average was more than twice that of any other season (23.00). These 

seasonal percentages differ somewhat from that of Strongyloides, which 

had the highest percentage of infection in spring. However, the 

average number of l\TOrmS per host were closely correlated in that high

est worm burdens occurred in summer. Apparently, environmental con

ditions are optimal for the survival of the larval stages and squirrel 

activities and densities are adequate so that higher rates of infection 

and degrees of infection result with this species in summer. 
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TABLE XXI. Incidence of infection and average numbers of Citeilinema 
blfurcatum Hall, 1916, harbored at various elevations at which the 
gray squirrel hosts were collected 

Elevation (ft.) Number Per cent Average no. 
examined Infected worms/ inf. 

1700 14 85.71 33.75 

1800 14 71.43 31.40 

1900 2 100.00 50.00 

2100 123 34.15 6.17 

2500 14 42.86 6.50 

2700 2 0.00 0.00 

3300 2 100.00 11.50 

3500 4 50.00 12.50 
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FIGURE 14. Percent infected and average number per infection of 

Clte11in .. a blfurcatum correlated with se •• ons 
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BOhmlella wilson! Lucker, 1943 

This large nematode was found in the stomach of 18 (13.85%) squir

rels out of 130 stomachs examined and constituted the third most common 

nematode encountered (see Table XV). Post mortem migrations into the 

esophagus and duodenum were observed. Usually the worms were localized 

in the pyloric region of the stomach but were never observed to be 

attached to the stomach mucosa. The numbers of worms ranged from 1 to 

31 with an average of 6.83 per infected host. Counts to determine the 

sex ratio of this worm were made from 17 infected hosts which yielded 70 

(60%) males and 48 (401.) females. 

The details of the life history of this nematode have not been well 

studied. SOme development probably occurs in the soil from which the 

host becomes infected. future studies should include the development of 

the worm and methods of infection of the host. 

In addition to the gray squlrrel t ~. wilso~l has also been reported 

in the fox squirrel, Sciurus niger niger,by Lucker (1943) and 1- ~. rufi

venter by Rausch and Tiner (1948) and in the rat, Neotoma floridana osa

gensis, by Murphy (1952). 

In examining my data concerning ~. wilsoni attempts were made to 

determine what correlations might exist between the incidence of this 

worm and the sex and age classes of the host, localities in which the 

hosts were collected and variations between seasons. 

Table XX.II shows the percentage of squirrels infected, subdivided 

into the sex and age classes of the hosts. The avera.ge incidences in 

the juvenile and subadult male and female age classes are lower than the 

averages for the adults of both the males and females. This confirms 
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TABLE XXII. Incidence of infection with BOhmiella wilsoni Lucker, 1943, 
related to the sex and age classes of the gray squirrel hosts 

Age classes 
Males Females Totals 

Examined % inf. Examined % Inf. Examined 1- Inf. 

Juveniles 12 0.00 5 20.00 17 5.88 

Subadults 20 15.00 13 7.69 33 12.12 

Adults 39 12.82 41 19.51 80 16.25 

Totals 71 59 130 
and 

averages 11.27 16.95 13.85 
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the assumption that the older animals would have greater opportunity to 

become infected. The average for all ages of females is somewhat higher 

than the average for all ages of males. Since it has been shown that 

males have a greater home range than females (Bakken, 1952; Robinson and 

Cowan, 1954; OOebel, 1967), I speculated that it may be a factor which 

influences a higher incidence in males. The higher incidence of this 

worm in females cannot be explained at this time. Sufficient data for 

this species were not available for making any conclusions concerning 

individual age classes within each sex. 

Figure 15 shows relative differences in percent infected and aver

age numbers of nematodes per infection when hosts from different locali

ties are compared. No squirrels from the town sample were found to har

bor this species. Of the hosts from woodlots 9.68% were infected, where

as the highest rate of infection was recorded from the forest fringes 

areas at 30.43%. Squirrels from remote forest areas showed a low per

centage of only 4.00%. The average number of worms per infection was 

not very dissimilar between localities with 6.33 in woodlots, 7.14 in 

forest fringes and 4.00 In remote forest. It is my opinion that possi

bly greater diversity of habitat and certain microhabitat factors could 

be instrumental in producing higher rates of infection in the forest 

fringes. Also, it was pointed out in the discussion of Strongyloides 

that the hosts from forest fringes areas were collected at an average 

elevation of 1900 feet, whereas the town and woodlot samples averaged 

2100 feet and remote forest areas averaged 2680 feet in elevation. In 

summary, Table ~{III shows the incidences of infection at various alti

tudes. The sample sizes were considerably different at each altitude, 
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FIGURE 15. Percent infected and average number per infection of 

!Ohmi.1l. wilsonl Lucker, 1943 correlated with habitat 
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TABLE XXIII. Incidence of infection and average numbers of Bohmlella 
wilson! Lucker, 1943, harbored at various elevations at which the gray 
squirrel hosts were collected 

Elevation (ft.) 
Number Per cent Average no. 

examined infected worms/ inf. 

1700 11 27.27 4.00 

1800 14 71.43 8.30 

1900 2 100.00 4.50 

2100 81 3.70 6.33 

2500 14 0.00 0.00 

2700 2 0.00 0.00 

3300 2 0.00 0.00 

3500 4 0.00 0.00 
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however, in view o~ the total squirrels (18) found to be infected with 

this worm, 15 (83%) were collected from altitudes below 2100 feet and 

3 (17%) at 2100 feet elevation. No squirrels were found to harbor ~. 

wilson! at elevations above 2100 feet. Since the majority of hosts 

were collected at 2100 feet and similar numbers of hosts were collected 

below and above this altitude (27 and 22, respectively), it is possible 

that certain environmental factors which differ with altitude, at least 

in part, limit the distribution of this worm. 

My data were examined further to determine what variation in inci

dence of this worm occurred between seasons of the year (Figure 16). It 

appears that rates of infection increase from winter to spring to a peak 

in summer, with a low point in the fall. The size of the spring sample 

was considerably lower than the others and, therefore, must be accepted 

with caution when comparing it to the other seasons. The average number 

of worms per infection are comparatively similar during winter. spring 

and summer, but they are reduced in the fall. 

~ligmoden~rium hassalli (Price, 1928) 

This nematode was found in the small intestine (usually duodenum) 

of 11 (6.58%) gray squirrels. The numbers of worms per infection ranged 

from 1 to 65, with an average of 20.73 per infected host. Katz (1938) 

found this species to be the most common nematode occurring in gray 

squirrels in Ohio. He reported a higher incidence in 50 (69~4X) hosts 

of 72 examined, with an average of 74.6 worms per host and a maximum of 

443 worms in one host. Counts to determine the sex ratio of this vorm 

in my study vere made from 10 infected hosts which yielded 70 (451.) 
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FIGURE 16. Percent infected and average number par infection of 

BOb.lella wilson! Lucker, 1943 correlated with s •• sons 

100 

80 

60 

Q 

8 
k1 
~ 40 .... 
l'( 

20 

WINTER 
248 

./ Number examined 

SPRING 
9 

Suw.ER 
52 

FALL 

45 

18 

14 

10 

6 

2 

• 
~ .... 
~ 
W 
~ 

• 
i 
• g 

< 



-138-

males to 95 (55%) females. 

All squirrels infected with M. hassalll were adult or subadult 

squirrels: ten infected hosts were collected during the summer months 

and one during the fall months and infected squirrels for the most part 

came from lower altitudes. Three infected squirrels were collected at 

1700 feet elevation, six at 1800 feet, one at 1900 feet and one at a 

high elevation of 3300 feet. 

In addition to the gray/squirrel, ~. hasssll! has been reported in 

fox squirrels, §,ciurus niaer brx:antl, in Maryland by Dozier and Hall 

(1944) and Sciurus ni8.,er rufiventer in Ohio by Katz (1938), in 1Hsconsin 

by Rausch and Tiner (1948), in Kansas by Ulhrich and Graham (1941), and 

in Texas by Chandler (1942), and in the red squirrel, !!miasciurus 

hudsonic~~, in Wisconsin by Rausch and Tiner (1948). 

Order Spiruridea 
Family Rictu1ariidae Railliet, 1916 

Pterygodermatite~ ~arkeri Lichtenfels, 1970 

This species was found in the small intestine of 7 (4.2%) squirrels. 

The numbers per infection ranged from 1 to 10 (average 2.6). A total of 

18 worms (16 female, 2 male) were recovered. Katz (1938) reported Rictu-

faria sp. in 7 (9.7%) of 72 hosts examined, with an average number of 

2.6 per host and a maximum of 6 worms in one host. 

The genus Rictularla Froelich, 1802, (Rictularildae) has now been 

separated into two genera by QUentin (1969). These are Rictularia 

Froelich, 1802, and Pterygodermatites Wedl, 1861. Some of the material 

recovered in the present study was examined by Dr. J. Ralph Lichtenfels 
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at the Beltsville Parasitological Laboratory in Beltsville, Maryland, 

the result of which led to the description of PterYgodermatites parkeri. 

The species referred to as Rlctularia coloradensis by Parker (1968), 

Rlctularia halli by Rausch and Tiner (1948) and Rictularia sp. by Katz 

(1938), Rausch and Tiner (1948) and Olaxik, Perry and Wilhelm (1969) 

from gray squirrels probably all belong to this same species, Pterygo-

dermatites earkerl. Specimens collected during the course of the present 

study have been deposited in the USNN Helminthological Collection as 

follows: No. 63207 (holotype: female) and No. 63208 (allotype: male). 

With the permission of the author, the description of f. parkeri 

Lichtenfels, 1970, is quoted as follows: 

Buccal cavity contains three equally large buccal 
teeth that extend anteriorly from its floor about one
third its depth. Buccal teeth consist of three main 
portions with middle portion of each tooth shorter than 
lateral portions, giving anterior edge of each tooth a 
concave appearance. 

FEMALE (Based on 12 complete specimens and some 
fragments): Length 19.9-34.4 mm. Diameter at vulva 
315-536& Buccal cavity round in en face 65-100 deep 
by 65-105 wide. Mouth roughly ov;t,-;Iightly elongated 
laterally, bordered by 14-19 perioral dentlcles up to 
13-16 long. Esophagus length 2.70-4 .. 14 mm; anterior 
muscular portion 610-810 long. Nerve ring 315-449 and 
excretory pore 518~555 from anterior end. Cervical 
papillae 415-700 from anterior end at level of 6th or 
7th pr. of combs. Vulva posterior to end of esophagus 
(except specimens from NaEeoz82us in which it is 
anterlor),between pairs of cuticular processes numbers 
30 and 32, 2025-4.27 mm from anterior end. Eggs embryo
nated, length 40-50; width 30.33. Total number pairs 
cuticular processes 61.67 including 32-34 pairs of 
combs. Largest combs 147-240 by 60-120 high. Naximum 
spine length 970167. Tail length 255-442. 

MALE (allotype): Length 6.18 mm. DIameter: maxi
mum 268; .at base of buccal capsule 100. Buccal cavity 
43 by 43. ~buth bordered by 13 perioral denticles up 
to 11 long. Esophagus length 1.40 mm; anterior muscular 
portion 400. (Excretory pore not seen.) Nerve ring 175 
from anterior end between 3rd and 4th combs. Cervical 
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papillae between 5th and 8th pairs of combs 300 from 
anterior end. Total of 42 pairs of combs; largest 162 
long by 59 high; last one 500 from tail end. Ventral 
cuticular fans absent. Tail length 243. Spicules 
nearly equal, curved ventrally, left 270, right 256, 
long. (Neither gubernaculum nor accessory piece dis
cernible.) Ventral surface of tail and pericloacal 
region with 10 paired and one unpaired genital papillae, 
and a finely rugose papillation in the pericloacal 
region (Figure 14). 

Figure 17 (a-d) is after Lichtenfels (1970) and in his paper were 

indicated as figures 11 to 14, respectively. 

The life cycle of this species is unknown at present. It is 

possible that larval development requires some intermediate host and 

insects are suspectod. 
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FIG U R E 17. Pte r y god e r mati t e spa r k e r i Lie h ten f e Is, 1970 
a. en face, female b. dorsal view of head, female c. left 
lateral view of head, female d. male tail 
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Order Spirurldea 
Family Spiruridae Oerley, 1885 

Gongylonema Eulchrum Molin~ 1857 

In examinations of the esophagus of 168 gray squirrels, I found 

Gongylonema Eulchrum In four (2.38%) hosts. All of the worms except 

one were embedded, according to their characteristic wavy pattern, in 

the mucosa of the esophagus. One worm, however, was recovered free in 

the stomach and obviously was the result of post mortum migration. I 

did not regularly examine the tongue, buccal cavity and pharynx in this 

study and it is possible the incidence reported herein might be somewhat 

conservative. The number of worms per infected host ranged from one to 

six (average 3.25) and a total of 13 worms were ,recovered (4 males, 9 

females). These findings constitute a new host record for this worm 

in the gray squirrel. Apparently this is only the fourth species of the 

order Rodentia found to harbor these worms and Is the first from the 

family Sciuridae. 

The esophagus was removed from the squirrel, split lengthwise and 

pinned to a wax-bottomed petri dish for examination under a dissection 

microscope at 15X. Considerable care and patience was required for 

the removal of the worms without fragmentation. This was minimized by 

the use of a number 1 dental pulp file, the tip of which had been bent 

at a right angle. Damage incurred to worms by the initial incision 

could not be prevented. 

GongY~0n!!! pulchrum appears to be relatively non-specific with 

reference to choice of host and is worldwide In its distribution. A 

review of the lIterature for reported hosts of ~. pulchrum yielded 
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mammals from seven orders: Insectivora, in the hedgehog; Rodentia, in 

the Guinea pig, nutria and rat; Lagomorpha, in the rabbIt and hare; 

Perissodactyla, in the horse and donkey; Artiodactyla, in the European 

wild boar, domestic swine, goat, sheep, cattle, camel, water buffalo, 

roe deer, red deer and White-tailed deer; Carnivora, in the black bear, 

fox and dog; and Primates, in the Rhesus macaque, monkey and man. Young 

chicks and turkeys have also been experimentally infected with g. 

pulchrum. Human infections have been reported from the United States 

(Georgia and Arkansas), Russia, China, Morocco and Panama. Ward (1916) 

provides an interesting case account of the pathology of this species 

in man. 

The intermediate hosts of Q. pulchrum are also numerous and lIttle 

specificity is shown. The more extensive studies on intermediate hosts 

for this worm have been conducted in Russia. Popova (1959) found in

fective larvae in 27 species of beetles; Iwashkin and Khromova (1961) 

found them in at least 5 species; and Chebotareu and Polishchuk (1961) 

found them in 28 species of Scarabaeidae and Tenebrionidae. Threlkeld 

(1958) gave three intermediate hosts for this worm in southwestern 

Virginia: the dung beetle, Aphodius lividus (Olivier); the scavenger 

beetle, Derme~ vulpinus Fabr.; and the cockroach Parcoblatta sp. 

Perhaps one of these insects was involved in the transmission to the 

squirrels in this study. 

Gongylonema pulchrum produced only minor pathologIcal effects in 

the gray squirrel in which the tunneling under the esophageal mucosa 

was most evident. There was no evidence of inflammation, edema or 
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blockage caused by these worms. The pathology in domestic animals has 

been reported by several investigators. 

Morgan and Hawkins (1949) reported no significant pathology in 

swine, cattle and sheep infected with ~. pulchrum, but they added that 

the worms rendered the esophagus of these animals unfit for use as food. 

¥ore specific pathological descriptions in similar animals have been 

given by Popova (1960, 1962, 1964) and Baunann (1961) who recorded 

tissue destruction and lesions, inflammation, edema, hyperemia and re

sultant chronic conditions in the organs affected. 

Since this is a new host record and morphological dimensions of 

this species differ between various hosts, a brief description appears 

to be in order. The following measurements are in millimeters: 

Five ,female ,lorms measured 27.8-37.9 (31.3) in length; greatest 

width .170-.225 (.203)8 Buccal capsule .039.$051 x .008-.013 (.045 x 

.010). Anterior portion of esophagus .353-.454 (.409); posterior por

tion of esophagus 3.622-4.258 (3.625); total esophagus 3.512-4.708 

(4.033) and 12.4-14.6% (13.4%) of the total length. Distance from 

anterior end to nerve ring .176-.24.5 (.219). Vulva located 1.984 .. 

3.100 (2.284) from posterior end. Tall length 165-.240 (.200). Origin 

of cervIcal alae from anterior end .137-.231 (.184). Origin of cuti

cular bosses from anterior end .011-.028 (.017) and terminate at 

.604-1.186 (.851). Ten eggs measured .044-.052 x .023-.024 (.048 x .023). 

Four males measured 17.2-19.1 (18.0) in length; greatest width 

.136-.163 (.147). Buccal capsule .032-.046 x .007-.009 (.040 x .008). 

Anterior portion of esophagus .365-.463 (.416); posterior portion of 

esophagus 2.975-3.164 (3.038); total esophagus 3.438-3.529 (3.454) and 
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17.8-20.0% (19.0%) of the total length. Left spicule 6.940-9.208 x 

.027-.029 (8.054 x .028). Right spicule .093-.119 x .011-.023 (.108 x 

.017). Gubernaculum .074-.086 x .024-.029 (.080 x .027). Length of 

right caudal alae .245-.465 (.368); length of left caudal alae .325-.535 

(.463). Origin of cervical alae from anterior end .131-.171 (.153). 

The occurrence of g. Eulchrum in squirrels is of particular interest 

since the possibility exists that squirrels may serve as reservoir hosts 

and aid in the dissemination of these worms to domestic animals and man. 

Prestwood, Smith and Nahan (1970) have recently shown Q. Eulchrum to be 

widely distributed in deer in 13 southeastern states. Therefore, owing 

to the apparent non-specificity for host, I suggest that future studies 

of wild mammals include examinations of the upper alimentary tract for 

this worm. Perhaps there are other animals which serve as reservoir 

hosts and serve to disseminate this worm to domestic animals and, occa-

sional1y, to man. The importance of Q. eulchrum in the gray squirrel 

demands further attention. 

Examination for Microfilariae 
In conjunction with the study of Hepatozoon, which was discussed 

earlier, Knott's (1939) concentration technique (modification by Herman 

and Price, 1955) was employed in the examination of cardiac blood from 

80 squirrels (41 males, 39 females). The results yielded no positive 

cases of microfl1ariae in the blood concentrates from squirrels of 

sou.thwestern Virginia. 

Nematodes referred to in the literature as "microfilariae" in the 

gray squirrel have been reported by Price (1954) and Robinson (1954); 
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microfilariae under the name Dipetalonema sp. was discussed by Evans, 

Phillips and Bickley (1959); and Price (1962) described Dipetalonema 

interstitium front gray squirrels in Maryland. Various species of mos

quitoes have been implicated in the transmission of mlcrofilariae to 

squirrels (Evans, ~. a1., 1959). 

Fecal Analysis for Helminth Ova 

In conjunction with my survey of the coccidia of gray squirrels 

using the "wet-mount" preparation, fecal samples were examined for the 

presence of helminth ova to determine the reliability of fecal analysis 

in the diagnosis of helminth infections. Samples frODt 167 squirrels 

were examined of which 61 (36.53%) were positive. Nany squirrels found 

to harbor helminths at autopsy did not exhibit ova in the feces by this 

technique, especially when only a few worms were harbored. Greater 

accuracy might have been gained in the use of floatation techniques, but 

this was not done in this study because of the amount of time involved. 

Plates 14 .. 25 provIde a comparative index to the helminth ova which might 

be encountered in the feces of gray squirrels, but for practical purposes 

I find it more reliable to dissect the alimentary tract and search for 

the worms. the ova were removed from the adult worms in order to photo

graph them for these plates. 

F'or most of the helminths encountered in this survey, few produced 

signs of pathology in the host upon gross examination. The majority of 
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15. 
Catenotaenia 
dendritica 

19. 
Hel1gn!Odendrium 

hassalli 

23. 

16. 17. 
Enterobius ~Yphacia 

sci uri thompsoni 

20. 21. 
Citeliinema Trichostrongylus 
bifurcatum calcaratus 

24. 25. 
Gongylonema 

pulchrum 
Pterygodermatites 

parkeri 
Strongyloides 

robustus 

PLATES 14-25. Comparative index to the helminth ova likely to be 
encountered during fecal analysis o f Sclurus carolinensls (400X) 
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the helminths were found in the small intestine, while some were found 

in the esopha~ls, stomach, caecum and large intestine. The following 

helminths were often attached to the mucosa of the organs in which they 

occurred: Catenotaenia dendritica, Hymenolepis diminuta, Citellinema 

blfurcatum, Trichostrongylus calcaratus, Hellgmodendrium hassall! and 

Pterygodermetites parkeri. Except for only slight local disruption of 

tissues, no other pathology caused by these worms was observed. 

~bre extensive pathological damage was caused by the worms, Gongx1o

~ pulchrum, StrongYloi~ robustus and CaEillaria americana. These 

worms produced tissue damage by their tunneling movements in the mucosa. 

CDngylonema pulchrum exhibited its typical zig-zag tunneling pattern in 

the mucosa of the esophagus~ yet there was no evidence of inflammation 

in this area resulting from It. Strongyloides robustus appeared to be 

responsible for the most severe nematode pathology. These worms, al

though very small, perforated the duodenal mucosa (Plate 26); i.n certain 

heavy infections many of the intestinal villi were badly eroded. The 

worms did not appear to be randomly distributed, but were localized in 

patches or areas yThere many minute holes could be seen in the villi. In 

some infections, worms were observed to inhabit the tissue surrounding 

the opening of the bile duct, and several patches of these worms could 

usually be found in the duodenal enlargement near the opening of the 

pyloric sphincter. Capillaria americana tunnels just und(~r the duodenal 

mtcosa in a fashion similar to Gongylonema. Due to the few numbers 

encountered the pathology vas not significant in any infections that I 

observed. 
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PLATE 26. Photomicrograph showing the pathology caused by 
Strongyloides robustus Chandler, 1942, in the duodenum of the 
gray squirrel (164 x) 
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Summary and Conclusions 

Two species of adult cestodes were observed in the squirrels in 

this study: fatenotaenia dendritica and Hymenolepis dimlnuta. The 

fir.st species is a new host record. No larval cestodes occurred in the 

squirrels of my survey. but one squirrel collected subsequent to the 

survey to be used for experimental work was found to be infected with 

sparganld larvae of a pseudophyliidian tapeworm. No representatives 

of Trematoda or Acanthocephala were found in this study. In the 

Aschelminthes., 12 species of nematodes were harbored by the squirrels 

examined. Clte11in~ma bifurcatum, Strongyloides robustus and BOhm!e11a 

wilsonl were the most frequently encountered species and occurred in 

45.23%, 28.14% and 13.85% of the hosts, respectively. Capillari~ 

~erlcana, Heligmodendrlum hassalll, Trichostrongylus calcaratus, 

Cltelli~ bifurcatum, Strongyloides robustus and Ascaris lumbricoides 

are new distributional records for this host in Virginia, and SYphacia 

!~mpsoni, Gongy12nema pulchrum and Contracaecum sp. are new host re

cords. !.!It!roblus, .!StUD .. is herein reported for the first time in the 

gray squirrel in North America. One nematode, Pterlspdermatltes 

~~~, that I recovered in this study was described as a new species 

by Lichtenfels (1970). 

According to the examination of data concerning the three most 

pre'Valent nematodes, it appears, for the most part,. that male squirrels 

show higher incidences of nematode infections than females and usually 

incidence also increases with the age of the host. Collection locali

ties designated as town, woodlot, forest fringes and remote forest were 
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defIned. The forest fringes yielded the highest rates of infection. 

It was speculated that perhaps this was due. in part, to diversity of 

habitat in this area and to environmental differencles resulting from 

differences in elevation. Seasonal variations in three species showed 

peaks of incidence to occur in the spring for Strongyloides robustus 

and in the summer for Citeilinema bifurcatum and BOhmlella wilsonl. 

No microfilariae were observed in the examinations of blood con

centrates from 80 hosts. 

Fecal analysis showed 36.53% of 167 squirrels to have helminth 

eggs in the feces but was concluded to be a poor diagnostic method. 

A comparative index to helminth ova of squirrels is included. 

The pathology of helminth infections in this study for the most 

part was insignificant. Strongyloides robustus appeared to be the most 

important species for its pathogenesis. 



I I I. ARTHROPODS 

The final s~ctlon of this study of gray squirrel parasites concerns 

the arthropods present on the skin and in the fur of these animals and 

also these occurring in gray squirrel nests. The following groups of 

organisms will be considered: Insecta, order Mallophaga (biting lIce), 

order Anoplura (sucking lice), order Diptera (files) and order Slphonap-

tara (fleas); and Acarina (ticks and mites). The literature dealing 

with these forms on gray squirrels Is rather extensive and widely 

scattered. The lar~er works come from Harkema (1936) who reported 

species of lice, mites and ticks in lbrth Carolina; from Katz (1938) who 

reported botfly larvae and fleas in Ohio; from Bishopp and Trembly (1945) 

who reported ticks from various areas of the United States; from Brown 

and Yeager (1945) who reported species of fleas, lice, mites and ticks 

from Illinois; from MOrlan (1952) who reported fleas, lice, mites and 

ticks in Georgia; from Allison (1953) who reported fleas, botfly larvae 

and mites from North Carolina; from Burbutis (1956) who reported fleas 

on this host in New Jersey; and from Watson (1959) who reported fleas 

and 1 ice in Florida. A more speci f Ie summary of the literature with 

reference to the individual groups and species Is given below. 

Class Insecta 
Order ~1allophaga 

No species of biting lice were reported on gray squirrels until 

~ruelia rotundata (Osborn, 1896) was reported by Parker (1968) in 
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Virginia. This species was found in the early phases of my study, the 

details of whIch will be given in the results. 

Order Anoplura 

Among the Anoplura, or sucking lice, Ferris (1916) reported Ender

leinellus Jongiceps Kellogg and Ferris, 1915, on the gray squirrel from 

Nebraska and in 1919 from Mississippi and Nebraska. Ferris (1921) des

cribed Hoplopleura sclurlcola from this host in Mississippi and Florida. 

In 1936~ Neohaematopinus sciurinus (Mjoberg, 1910) and Hoplopleura 

sclur!cola were listed by Harkema in North Carolina. Keegan (1943) 

reported lieohaematoplnus antennatus from this host in Iowa. Baker 

(1944) reported Neohaematoplnus sp. in eastern Texas. In 1945, Brown 

and Yeager listed ~lopleura sciurlcola in Illinois. MOrlan (1952) 

listed H~£lepleura sciur~, PoIYplax spinulosa (Burmeister), Nechee

matop~ sp. and Neohaematopinus sclurlnus from this host in Georgia. 

Scanlon (1959) reported Neohaematopinus sclurl Jancke, 1932. in New 

York.. Watson (1959) listed Hoplopleura sciurlcola and NeohaematopinU8 

sciu!l from thIs host 1n Florida. Parker (1968) listed Enderleinellus 

longiceps, Hoplopleura !,Siurlcola and Neohaematoplnus sclur.i in 

Virginia. Johnson (1959) showed li. sclurinus to occur on Sciurus niger 

in North America and ~. ~ciuri to occur both on the £uropean Sciurus 

vulgaris and the l'brth American Sclurus £arol1nensI8. He separated 

these species on differences in antennae morphology. Therefore, reports 

of .!i. sclurlnus on the gray squirrel are likely misidentifications of 

.!i. scluri .. 
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Order Diptera 

CUterebra sp., the botfly or warblefly larva, has been reported on 

gray squirrels in Ohio by Katz (1938) and Chapman (1938), in Virginia by 

cross (1942), in Alabama by Atkeson and Heflin (1948) and Atkeson and 

Givens (1951), in NOrth Carolina by Allison (1953), in West Virginia by 

Uhlig (1956) and. in eastern Tennessee by Dunaway, Payne, Lewis and Story 

(1967). It was also reported by Parker (1968) in Virginia. Cuterebra 

emasculator Fltsch was reported in this host in North America by von Bau 

(1906). 

Order Siphonaptera 

A number of fleas have been reported on gray squirrels. In 1904, 

Baker reported Ceratophyllus wickhami (Baker) Wagner from New York, 

Michigan, Iowa, Nebraska and Georgia. Shaftesburg (1934) reported Pulex 

l!ri~a~~ Linnaeus t 1758 t in North Carolina. Shipley (1941) and Cross 

(1942) llsted ~hopeas Spe from squirrels in Virginia. In 1945, Brown 

and Yeager reported Orchoeeas nepos Rothschild and Orchopeas howardil 

(Baker, 1895) in Illinoiso In 1947, Hubbard showed Q. ~lckhami to be 

synonymous with .9.. howardli, the latter taking precedence. l-brlan (1952) 

listed XenoE§yllus cheoei, Rothschi1d~ 1903, Orehopeas howard!i and 

~chldpopha8a B!llinacea (Westwood, 1875) from this host in Georgia. 

AIIJ.son (1953) repor.ted 9rchopeas !,ickhami-.Q.. howard!! In North Carolina. 

Also, In tho same year, Dean (1953) reported Q. howard!! from Alabama, 

and in 1959, Watson also reported it from this host in Florida. Bur but Is 

(1956) listed Orchopeas sp., Nosophyllus fasclatus (Bose d'Antic, 1801), 

~enocephalides fell~ (CUrtis, 1820), Cediopsylla !1,!21ex Baker, 1904, 
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and Ceratophyllus sallinae (Schrank, 1803) from New Jersey. Goodrum 

(1961) reported 'tfleastt on this host in Texas. Olexik (1968) and Olexik~ 

Perry and Wilhelm (1969) reported Orchopeas howardli from the gray squir-

reI In southwest Tennessee, and Parker (1968) reported the same species 

In Virginia. Other literature reports of fleas on squirrels are not 

clear as to the Identity of the host specIes. 

Class Arachnida 
Order Acari 

Ticks 

At least eight species of ticks are reported in the literature as 

parasitic upon gray squirrels. Harkema (1936) listed Ixodes cooke! In 

North Carolina. In 1940, Hixon reported Amblyomma maculatum Koch In 

(":.eorgia, and Shipley (1941) recorded "ticks" in Virginia. Oemacenter 

variabills (Say, 1821) was reported by Cross (1942) in Virginia, by 

Brown and Yeager (1945) in 1111n018 9 by Bishopp and Trembly (1945) in 

the United States, by Anastos (1947) In New York and by Morlan (1952) in 

Georgia. Ixodes ~ Banks~ 1908, was listed by Katz (1941) from Ohio 

and by Clifford, Anastos and EIbl (1961) from Maryland, Alabama, Delaware, 

Maine, New Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode 

Island, South Carolina, Vermont and the District of COlumbia. Amblyomma 

amerlc~ (Linn.) has been reported by Baker (1944) in eastern Texas, 

by Blshopp and Trembly (1945) in the United States and by Morlan (1952) 

In Georgia. Bishopp and Trembly (1945) also reported }xodes cooke! 

Packard t 1869, and Haemaphysalis ~~P2rls-E!lustrls (Packard) from the 

gray squirrel in the United States. Anastos (1947) has recorded the 
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species, lxode~ muris Blshopp and Smith, 1937, from this host in New 

York. 

Mites 

Harkema (1936) reported the mite, Haemo18elaR~ alasgowi Ewing, 

1925, from the gray squirrel in North Carolina. This species was again 

reported in Georgia by MOrlan (1952). Sarcoptes ap., the mite often 

associated with mange in wild animals, has been reported by Chapman 

(1938) and ~~rtin (1938) in Ohio, by Brown and Yeager (1945) in IllinoIs, 

by Uhlig (1956)in West Virginia, by Goodrum (196l) in Texas and by 

~~dson (1964) in Michigan. Trombicula (Eutromblcula) troplea-alfreddu

gesi has been reported from squirrels in east Texas by Goodrum (1940). 

1romblcula (Neotromblcula) wharton! Ewing, 1929, has been reported from 

this host by Brennan and Wharton (1950) in North Carolina and by t-k>rlan 

(1952) t,n Georgia. M:>rlan (1952) also reported 'rrombicula (Eutrombieula) 

splendens Ewing, 1913, Trombicula (Eutrombicula) al!reddugesi (Oudemans, 

1910), ~schons~stla sp., Ornlthon~ss~~ bacoti (Hirst, 1913), Parasitus 

amerlcanus Berlese and Haemolaelaps mesaventralis from gray squirrels 

in Georgia. Allison (1953) recorded Trombicula sp. from this host in 

North Carolina. Clark (1958) reported Haemogamasus ambulans (Thorell, 

1872) from this host in Maryland. and he (Clark~ 1960) also described a 

new speeies of nasal mite, Speleognathopsls sefurl. Goodrum (1961) re

ported tlchiggors" in Texas, and Shoemaker and Joy (1966) noted the 

occurrence of Trombl.cul..! .f',tchl Loomis, 1954, in West Virglnla. 
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Materials and Method~ 

Upon bringing collected squirrels to the laboratory, the animals 

were carefully skirmed over a white enamel pan and the skin rolled and 

frozen in the same plastic bag used. The skinning was accomplished by 

the following process: Midway on the body. the skin was cut with 

seissors all around so as to divide it into anterior and posterior 

halves. Then each half was carefully removed from the carcass toward 

its appropriate end. The anterior portion was peeled to the tip of the 

nose and cut away from the head, whereas the posterior portion was peeled 

to the tail and the tail pulled out of the skin covering it. The skin 

on the legs was peeled to the tIp of the toes and pulled away from them. 

Thus the skin of each squirrel was recovered in two halves, resembling 

a shirt and pants. The enamel pan over which the skinning was done was 

washed with 70% ethanol and the fluid retained to be inspected later. 

To determine the incidence of ectoparasite species on the squir

rels~ the squirrel skins were thawed and brushed over a white enamel 

pan. Next, the skin was placed into a gallon-size jar containing 701-

ethanol and vigorously shaken for several minutes. The skin was removed 

from the jar, the enamel pan and plastic bag washed and all of the fluid 

was collected and examined, fractions at a time, in a petri dish under 

a dissection microscope (7x). The arthropods were removed from the 

fluid using II 11 or 12 dental pulp file, the end of which had been 

shaped in the fnrm of a loop, and were stored in screw-cap vials contain

ing 70% ethanol until identification could be made. Some of the arthro

pods had to be mounted on mIcroscope slides and observed under a compound 
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microscope before identification was possible. These were transferred 

from the 70% ethanol directly into a drop of Hoyer's medium on a slide 

and the coverslip mounted. This is a rapid method involving only the 

one step which clears the speclman and makes a permanent mount. 

It was decided that attempts should be made to determine the total 

numbers of ectoparasites which occur on some of the individual squirrels 

and also the densities of these ectoparasites in relation to the surface 

,area available for them on the body of the host.. It was ant icipated 

that these data might provide information concerning preferences of 

various species for certain body regions. Therefore, 24 adult squirrels 

(12 males and 12 females) were selected to be processed by the follow

ing method: The skin was thawed and cut into the various body regions 

over a white enamel pan. These regions were designated as head, back, 

underparts, legs and tall. The head region was separated by cutting 

the skin about oneNfourth inch behind the base of the ears, separating 

it from the other parts. The back was composed of the entire dorsal 

area and the sides down to where the white belly hair began. The under

parts were designated as the ventral area covered by the white belly 

hair, except that on the underside of the head and legs. The legs were 

cut away from the body proper on a straight line where they joined the 

body. All four legs w~re considered together as one body region. The 

tt~11 was cut where It joined the body. Thus the aki.n covering each 

body region as designated was removed and manipulated separately from 

each of the other regions. Figure 18 shows a diagrammatic scheme of the 

body regions as they appeared when separated and ready for tracing. 

The skin of each body region was spread onto a piece of cardboard 
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DrEARS-

BACK BACK 

~------------~TA~IL-------~ 
FIGURE 18. LAYOUT OF TRACINGS OF BODY REGIONS FOR 
AREA DETERMINATIONS 
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In a manner to avoid distortion and stretching. Then each was traced 

around its margin with a pencil. Afterwards, the traced area of 

each body region was traced again using a Keuffel and Esser Co. compen

sating polar planimeter which was calibrated to read dIrectly in square 

centimeters. These procedures yielded the approximate surface area of 

the skin of each body region. By adding the surface area readings from 

the planimeter of all of the regions of the skin, the approximate total 

skin surface area of each animal was determined. Next, the skin from 

each body region was placed into separate beakers and a 5% solution of 

sollum hydroxide was poured into the beaker to cover the skin. This 

phase of the procedure is the HOpkins (1949) hair dissolving technique 

for the removal of ectoparasites. The skin was allowed to remain in the 

5% sodium hydroxide solution overnight by which time the hair had dis

solved. The remaining hairless skin was examined for arthropods still 

clinging to it and then dIscarded. All of the fluid in the beakers, 

which by this time was a dark brown color due to the hair pigments, was 

examined under a dissection microscope (7x) in small quantIties poured 

in.to a petri dish. The petri dish was methodically examined and the 

arthropods removed and counted. All the arthropods washed from the 

plastic bag and those in the enamel pan had become detached from the 

skin were also identified and counted. Because I was not certain from 

which body region these came, they were classed under an additional 

heading entitled "unoertain location". With the surface areas of each 

body regIon determined and the ectoparasites counted, I was able to 

calculate the parasite densities. Density is expressed as the number 
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of organisms per square centimeter. 

The methods I have described made it possible to determine, as 

accurately as possible, the total numbers of ectoparasltes on the host, 

the densities of the parasites on each body region and the regions of 

the body on which various species occurred. Only 24 squirrels were 

examined by this technique due to its excessive time consumption. Only 

adult squirrels were examined because I did not consider it feasible 

to compare adult surface areas with those of immature squirrels. 

Another project was undertaken in this study which involved the 

survey of arthropod parasites occurring in the nests of gray squirrels, 

in which I anticipated that I might find some species not regularly 

found on the squirrels. Rather than collect the nests for a single 

sample, I thought it more desirable to produce a device for monitoring 

the sa~e nests for considerable lengths of time. Therefore, I modified 

the construction of the "nest-funnel" device proposed by Drummond (1955; 

1957), who used this device to survey acarine populations in the nests 

of Peromyscus leucopus and I have utilized the approximate shape and 

dimensions given by Barkalow and Soots (1965) for gray squirrel nest 

boxes. Figure 19 shows my modified nest-funnel design. Mason-size 

jar lids for the attachment of pint-sized canning jars were attached 

to the funnels under the nest boxes. Fourteen nest-funnels were 

constructed and placed in two woodlots on the campus of Virginia Poly

technic Institute and State University, 7 in Crumpacker woodlot and 7 

in Prices Fork woodlot. One nest-funnel in each woodlot had the en

trance hole covered with one-fourth inch mesh hardware cloth to keep 

squirrels out but to allow small arthropods to enter. These served 
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as controls. The nest-funnels were attached to large trees about 

20 feet above the ground. After installation, I allowed four months 

for the squirrels to become accustomed to the nest-funnels and, hope

fully, to construct nests in them. After the four months, fresh jars 

were positioned under the funnels. About one inch of 35% ethanol with 

10% glycerol and several thymol crystals to retard mold was placed into 

each jar. The jars were changed once each month for a year, during 

which time the nest-funnels were also inspected for occupation by squir

rels and the presence of leaf litter. The jars I collected each month 

were returned to the laboratory and inspected for parasitic arthropods. 

A 24 foot, aluminum, extension ladder was easy to transport and facili

tated the close inspection of the nest-funnels and the changing of the 

jars. 

Results and Discussion 

This portion is presented in four sections. First are the results 

of the general survey in whIch incidence and species were determined 

on the 106 squirrels examined; second are the results of the density 

studies which were made on 24 adult squirrels; third is the discussion 

of the species found in these studies, with comments and discussion 

relating to both the general survey and the density studies; and last 

are the results of the nest-funnel survey. 
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1. General Survey 

Of the 176 gray squirrels collected for parasite investigations, 

106 of these were examined for ectoparasitic arthropods occurring on 

the skin and in the fur. These examinations revealed 103 (977.) to be 

infested with parasitic arthropods. These arthropods included four 

species of lice (one Mallophaga; three Anoplura)~ two species of flies 

(Diptera) and one flea (Siphonaptera) among the insects and one species 

of tick (Ixodidae) and at least six species of mites among the acarines. 

Table XXIV shows the data concerning the number of squirrels observed 

to be infested with each species and the percent of squirrels infested. 

The louse, Neohaematoplnus sciuri, was the most frequently observed 

species, being found on 817. of the squirrels examined. The second most 

common species was the flea, Orchopeas howardii, being present on 74% 

of the hosts. Other species in decreasing order of prevalence were the 

lIce, Enderleinellus longiceps 681. and Hoplopleura sciuricola 55%; the 

mite, Haemogamasus ambulans 30%; the tick, Ixodes marxi 2370; chiggers 

(Trombiculidae) 147.; and the mite, Androlaelaps casalis 12%. Other 

species were less common and each was present on fewer than 10% of the 

hosts. These included the warble fly, CUterebra sp. 8%; some very small 

unidentified mites (Rodentopididae) 27.; the louse, Bruella rotundata 

2%; the black fly, Simulium sp. 2%; and the mItes, Echtnolaelaps sp. 

1%, Hl1emogamasus sp. (probably pont tger) 11. and Hirst ionyssus sp. 11.. 

2. Density Studies 

All of the 24 adult male and female gray squirrels examined for 

total numbers of ectoparasites had at least a few parasites on them. 
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TABLE XXIV. Ectoparasltic arthropods recovered in the examinations of 
106 gray squirrels in southwestern Virginia, September, 1966-July, 1969 

Ectoparasites 

Insecta (Insects) 
Mallophaga (biting lice) 
~rue1i~ £otundata 

Anoplura (sucking lice) 
~aematopinus sciuri 
HOEloeleura sclurico1a 
Enderleinel1us lo~~ic~~s 

Diptera (flies) 
Cuterebra sp. 
Simulium sp. 

Siphonaptera (fleas) 
Orchopeas howardll 

Acari (ticks and mites) 
Ixodidae 

Ixodes ~ 

Laelaptidae 
AndrolaelaEs casalts 

No. squirrels 
infested 

2 

86 
58 
72 

8 
2 

78 

24 

tl!emogamasus sp. (probably E~ntiger) 
HaewDaamasus ambulans 

13 
1 

32 
1 Echlnolaelaps sp. 

l-Iacronyssidae 
.!!!.!:.§.,t ion:ts~l!.~ sp. 

Rodentopidldae? 
genus? 

Trombiculidae 
chiggers 

1 

2 

15 

Percent 
infested 

1.89 

81.13 
54.71 
67.92 

7.55 
1.89 

73.58 

22.64 

12.26 
0.94 

30.19 
0.94 

0.94 

1.89 

14.15 
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The twelve males yielded a total of 6.156 ectoparasites (average 513) 

and the twelve females yielded a total of 3,686 ectoparasites (average 

307) for a total of 9,842 ectoparasites (average 410) on the 24 squir

rels. The total number of individual species on the 24 squirrels reflect 

slightly higher rates of occurrence than those of the general survey of 

the total 106 squirrels. This indicates the hair-digest method to be 

the more efficient. Neohaematopinus scluri was found on 22 (9l.6~) 

hosts, Orchopeas howard1i was found on 20 (83.3%) hosts, Enderleinellus 

longiceps was found on 20 (83.3%) hosts, Hoplopleura sciurlco1a was found 

on 18 (75.0%) hosts and Ixodes marxi was found on 9 (37.5%) hosts. Other 

species were found less frequently, which included Haemogamasus ambulans 

that was on 8 (33.3%) hosts, Androlaalaps casalis that was on 3 (12.5%) 

hosts and chiggers (Trombiculidae) that were on 3 (12.5%) hosts. These 

incidences of occurrence do not necessarily reflect the density of indi

vidual species. A total of 3,799 Neohaematopinus scfuri comprised 38.6% 

of the total ectoparasite fauna on the 24 squirrels; 137 Orchopeas 

howard!i comprised only 1.4% of the ectoparasite fauna; 2,845 Ender

leinellus longiceps comprised 28.9% of the ectoparasite fauna; 2~564 

Hoplop1eura sclurlcola comprised 26.01. of the ectoparasite fauna; 203 

Ixodes marxi comprised 2.110; 192 Haemogamasus ambulans comprised 2.0%; 

12 Androlaelaps casalis comprised 0.1% and 88 chiggers (Trombiculidae) 

comprised 9.9% of the total ectoparasite fauna. 

The averaged calculations of the surface areas of the bodies of 

the 24 squirrels are shown in Table XXV. The average weights of the 

12 males compared with the 12 females were remarkably similar. the males 
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TABLE xxv. Averaged body surface areas of 24 gray squirrels (12 males t 

12 females) calculated from tracings of skin of various body regions 
using a compensating polar planimeter t with the averaged weights 

Body region Male Female 
surface areas1 surface areas 

Back 161.64 154.33 

Legs 117.56 107.11 

Underparts 86.73 86.89 

Head 66.80 63.59 

Tail 33.27 30.00 

Entire body averages 465.99 441.92 

Average weights2 508.30 507.70 

1/ Numbers represent square centimeters 
2/ Average weights are in grams 

Total 
surface areas 

157.99 

112.33 

86.81 

65.19 

31.63 

453.95 

508.00 
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averaging 508.3 grams and the females 507.7 grams. Although the actual 

measurements given in Table XXV show very close similarities between 

the males and females, Table XXVI shows that when the area of each body 

region is expressed as a percentage of the total body surface, the 

measurements for both males and females are almost identical. With this 

in mind, I feel that it is proper to compare the male and female para

site densities. The largest body region Is the back (34.80%), followed 

by legs (24.75%), underparts (19.12%), head (14.36%) and tail (6.977.). 

Since the surface area was measured in square centimeters, para

site densities are expre s sec!' as the number of ectoparasites per square 

centimeter. Four-digit numbers after the decimal were used because of 

convenience in calculations and because some densitie.s were extremely 

low so that they could not be expressed in any other manner. Therefore, 

these numbers are not the result of extreme accuracy, but to the calcu-

1at ions from my data. 

In the paragraphs which follow, I will summarize my data concerning 

the numbers and densities of all ectoparasites as a group according to 

body regions and host sex. Individual species numbers and densities will 

be discussed later. 

On the body region I designated as the back, ectoparasite numbers 

on male squirrels ranged from 5 to 446 (average 194.7), whereas the 

densities ranged from 0.0296 to 2.8875 per square centimeter (average 

1~12l1). On the back regIon of females, numbers ranged from 2 to 544 

(average 112.8), whereas the densities ranged from 0.0164 to 3.6899 

per square centimeter (average 0.7543). The averages for the back region 

of all those examined (12 males and 12 females) were 153.7 ectoparasites 



-169-

TABLE XXVI. Average surface areas of body regions expressed as per
centages of the total body surfaces of 24 adult gray squirrels (12 
males. 12 females) 

Males Females Average 
Body region 

% % 
of total 

% 

Back 34.69 34.92 34.80 

Legs 25.23 24.24 24.75 

Underparts 18.61 19.66 19.12 

Head 14.33 14.39 14.36 

Tall 7.14 6.79 6.97 

Totals 100.00 100.00 100.00 
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per host back and 0.9377 per square centimeter. The highest average 

number and the greatest average density occurred on this body region. 

On the legs, parasite numbers on males ranged from 1 to 452 (average 

147.6), whereas the densities ranged from 0.0081 to 4.0082 per square 

centimeter (average 1.2978). Numbers on females ranged from 0 to 262 

(average 50.6), whereas the densities ranged from 0.0000 to 2.3196 per 

square centimeter (average 0.4755). Averages for the total examined 

were 99.1 ectoparasites per host legs region and 0.8866 per square 

centimeter. 

On the underparts, parasite numbers on the males ranged from 4 to 

215 (average 65.6), whereas the densities ranged from 0.0468 to 2.2194 

per square centimeter (average 0.7634). On the female underparts, 

ectoparasite numbers ranged from 1 to 436 (average 52.4), whereas the 

densities ranged from 0.0106 to 4.5060 per square centimeter (average 

0.6102). Averages for the 24 squirrels were 59.0 ectoparasites per 

host underparts and a density of 0.6868 per square centimeter. 

On the head region, parasite numbers on male hosts ranged from 0 

to 146 (average 53.3), whereas the densities ranged from 0.0000 to 

2.0977 per square centimeter (average 0.7832). On the head regIon of 

females, parasite numbers ranged from 0 to 330 (average 53.9), whereas 

the densities ranged from 0.0000 to 5.1969 per square centimeter (average 

O.8454)G Averages for the 24 squirrels examined were 53.6 ectoparasites 

per host head region and a density of 0.8143 per square centimeter. 

Ectoparasites on the tall region vere found in fewest numbers and 

least densities. On male hosts, parasite numbers ranged from 2 to 58 

(average 17.5), whereas the densities ranged from 0.0500 to 1.6667 per 
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square centimeter (average 0.5402). On the females. the numbers ranged 

from 0 to 54 (average 11.8), whereas the densities ranged from 0.0000 

to 1.9636 per square centimeter (average 0.4139). Averages for the 24 

squirrels were 14.7 ectoparasites per host tail and a density of 0.4771 

per square centimeter. 

To summarize the results given above for entire body averages, 

ectoparasite numbers on male hosts ranged from 17 to 1167 (average 513), 

whereas the densities ranged from 0.0353 to 2.6742 per square centi

meter (average 1.1136). On female hosts, ectoparasite numbers ranged 

from 7 to 1685 (average 307) and the densities ranged from 0.0161 to 

3.7617 per square centimeter (average 0.7026). The averages for all 

24 hosts were 410 ectoparasltes per host and 0.9081 per square centi

meter. Table XXVII provides the total numbers of ectoparasites recovered 

from each body region of the males and females and summarizes the 

average densities. On the back region, 3,689 ectoparasites constituted 

37.5% of the total recovered; 2,378 ectoparasites on the legs consti

tuted 24.11. of the parasites recovered; 1,416 ectoparasites on the under

parts constituted 14.4% of the parasites recovered; 1,287 ectoparasites 

on the head constituted 13.1% of the parasites; and 352 ectoparasites 

were recovered from the tail which accounted for 3.6% of the total. 

During handling processes, 720 ectoparasites became separated from the 

host and could nat, with certainty, be assigned to any body region. 

These were categorized under the title "uncertain location", and they 

constituted 7.3% of the total parasites recovered. 

Therefore, my data on ectoparasite densities indicate the highest 

densities to occur on the back region, with decreasing densities on 
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TABLE XXVII. Ectoparasite numbers and average densIties according to 
body regions on 24 adult gray squirrels (12 males and 12 females) 

Males Females Total 
Body regIons· No. Avg. No. Avg. No. Avg. 

densityl density density 

Back 2,336 1.1211 1,353 0.7543 3,689 0.9377 

Legs 1,771 1.2978 607 0.4755 2,378 0.8866 

Head 640 0.7832 647 0.8454 1,287 0.8143 

Underparts 787 0.7634 629 0.6102 1,416 0.6868 

Tail 210 0.5402 142 0.4139 352 0.4771 

Uncertain 412 308 720 
locat Ion 

Body totals 6,156 3,686 9,842 
and 

averages 1.1136 0.7026 0.9018 

1/ Number of ectoparasites per square centimeter of body surface 
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the legs, head, underparts and tail. Watson (1959), in his study of 

the insect ectoparasites of gray squirrels In Florida, observed that 

ectoparasites appeared to be more numerous on the back between the 

shoulders. His conclusions were based on observation, whereas my con

clusions are based on calculations and actual numbers. 

I believe this study is the first in which ectoparasite densities 

have been calculated for the total surface area of any host. Apparently, 

this is also the first time that surface areas have been determined for 

the gray squirrel. I suggest that expressions of densities of parasites 

on hosts are more valuable and more meaningful than mere total counts 

which have long been used. Total count figures do not reflect the 

effects of the parasites on the host If the size of the host Is unknown. 

In my study I have relied on the calculation of the surface areas of 

the host, which, after the ectoparasites had been counted, yielded the 

densities of the parasites in numbers per unit area. I believe this 

study introduces a more meaningful method of ectoparasite research and 

can be modified to conform to future studies. The principle disadvantage 

of the technique was its great time consumption which limited the number 

of specimens that could be examined. It would not be practical to use 

my method on animals much larger than squirrels unless sample areas are 

studied rather than the entire host. 

3. S2ecies Accounts 

A discussion of the ectoparasite species I found in this study 

follows and includes data and observations from both the general survey 

and the density study. 
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Class Insecta 
Order Mallophaga 

Druella rotun4ata (Osborn, 1896) 

As a rule, lice of the order Mallophaga, which are the so-called 

biting lice, are generally found on birds. Therefore, due to the 

apparent host specificities of most lice, few mallophagan parasites 

have been reported on mammals. In my study of ectoparasites of gray 

squirrels, two squirrels vere killed by a wildlife student and brought 

to me for examination. Both squirrels were infested with Bruelia 

rotundata. The lice were still clinging to the squirrel carcass when 

inspected. No other squirrels I examined harbored this species and 

thus it occurred on 2 (1.89%) of the 106 examined. This constitutes 

the first report of a mallophagan parasite on squirrels. Since the 

usual host Is the crow, Corvus corone brachyrhynchus Brehm., I cannot 

explain the presence of this species on squirrels, unless the hunter 

who collected the squirrels had previously carried dead crows in his 

game bag. In any event, these lice were actively feeding or attempting 

to feed on the carcasses of the dead squirrels. 

Order Anoplura 

Neohaematoplnus sciuri Jancke, 1932 

In the general survey of 106 gray squirrels, M. sciuri was present 

on 86 (81%) of the hosts. Table XXVIII shows the incidence of infests-

tian in relation to the sex and age categories of the hosts. The 

averaged data indicate no significant differences in incidence between 

the sexes or age classes. Figure 20 Illustrates the seasonal incidence 
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TABLE XXVIII. Incidence of Neohaematopinus sclurl Jancke t 1932. on the 
gray squirrel in southwestern Virginia related to the sex and age cate
gories of the hosts 

Males Females Total 
Host age Examined % Examined 1- Examined % 

infested infested infested 

Juvenile 12 75.00 3 100.00 15 80.00 

Subadult 9 77.78 12 83.33 21 80.95 

Adult 31 93.55 39 71.79 70 81.43 

Totals 52 54 106 
and 

averages 86.53 85.04 81.13 
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FIGURE 20. Percent squirrels infested with Neohae..toplnu8 sciurl 

Jancke, 1932 correlated with seasons 
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of this species. The data show that a peak in incidence occurs in 

winter (100%); the lowest occurs in spring (0%); another high peak occurs 

in summer (85%), followed by a slight decline in fall (81%). Harkema 

(1936) in North Carolina noted that the highest incidence of this louse 

occurred In December (100%). There was a little decline In January (90%), 

but a sharp decline was noted in February (17%). Animals he examined 

during March, April and May were reported negative. He had no June, 

July or August s?~les, but beginning In September (14%), there was an 

increase In incidence by October (50%) and November (88%). Also, Watson 

(1959) indicated that ~. sciuri populations on Florida gray squirrels 

increased to a peak in early winter, declined to a low in February, then 

showed a moderate increase In March, reaching another perk in May. He 

also suggested that these population changes were correlated with season

al conditions. Apparently lower temperatures and less rainfall favored 

increases in the lice populations in Floridao 

In the density determinations undertaken on 24 adult squirrels. ~. 

sciuri comprised about 39% of the total ectoparasite fauna and yielded 

the highest numbers and greatest average density of any single species 

I recovered. Twenty-two hosts (91.6%) were infested with this species. 

12 males (100%) and 10 females (83.37.). Parasite numbers on infested 

males ranged from 12 to 826 (average 228.2), whereas the numbers on in

fested females ranged from 3 to 317 (average 106.1). The average number 

for all infested squirrels in the density studies was 172.7 M. sciuri 

per host. 

The data relating this species to the various body regions will be 

summarized in the paragraphs that follow. 
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On the body region I designated as the back • .t!. sciuri occurr lng 

on the male hosts ranged In numbers from 3 to 292 (average 92.8). whereas 

the densities ranged from 0.0178 to 1.8905 per square centimeter (aver

age 0.5785). On infested females the numbers ranged from 1 to 167 

(average 45 .. 6), whereas the densities ranged from 0.0067 to 1.1327 per 

square centimeter (average 0.3059). The averages for the total of the 

infested males and females were 71.4 parasites per host back and 0.4546 

per square centimeter. This species occurred In highest numbers and 

densities on the back region. 

On the legs, ~. sciuri numbered from 1 to 209 (average 53.1) 

parasites per host legs on infested males, whereas the densities ranged 

from 0.0081 to 1.8866 per square centimeter (average 0.4597). On the 

legs of infested females, parasite numbers ranged from 1 to 81 (average 

24.3) parasites per host legs, whereas the densities ranged from 0.0084 

to 0.7034 per square centimeter (average 0.2283). The averages for the 

total (males and females) were 40.0 parasites per host legs and 0.3545 

per square centimeter. 

On the underparts region, ~. sciuri numbered from 2 to 136 (average 

40.6) among infested males, whereas the densities ranged from 0.0234 to 

1.8865 per square centimeter (average 0.4780). Among infested females, 

~. sciur! numbers on the underparts ranged from 0 to 43 (average 12.5), 

wher.eas the densities ranged from 0.0000 to 0.7264 per square centimeter 

(average 0~1590). The averages for the total infested squirrels were 

27.8 parasites per host underparts and 0.3330 per square centimeter. 

On the tail region of infested males, M. sciurl numbers ranged from 

1 to 45 (average 13.0), whereas the densities ranged from 0.0250 to 
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1.6304 per square centimeter (average 0.4198). Among infested females, 

numbers ranged from 0 to 14 (average 6.3), whereas the densities ranged 

from 0.0000 to 0.4521 per square centimeter (average 0.2260). The tail 

averages for the total infested squirrels were 9.9 parasites per host 

tail and 0.3317 per square centimeter. 

The least numbers and densities were found on the head region. 

Parasite numbers among infested males ranged from 0 to 57 (average 10.3), 

whereas the densities ranged from 0.0000 to 0.8282 per square centimeter 

(average 0.1514). Among infested females, numbers ranged from 0 to 20 

(average 6.6) parasites per host head region, whereas the densities ranged 

from 0.0000 to 0.2801 per square centimeter (average 0.1006). For the 

total infested squirrels, the averages were 8.6 parasites per host head 

and 0.1283 per square centimeter. 

Table XXIX summarizes the results of the density determinations and 

total numbers for the louse, li. sciurt, according to host sex and pro

vides the averages for each body region. 

Out of 3,799 ~. sclur! which occurred on 22 squirrels of 24 examined 

for numbers and densities, 41.3% occurred on the back, 23.2% occurred 

on the legs, 16.1% occurred on the underparts~ 5.7% occurred on the 

tail and 5.0% occurred on the head. Due to some handling losses. 8.7% 

of the total were included under the heading "uncertain location", 

because I ow'as not certain of their exact locat Ion on the host. Corres

pondingly, the greatest densities occurred on the back, followed by de

creasing densities on the legs j underparts, tail and head. I also 

observed that adult lice were more numerous on the back, head and tall 
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TABLE XXIX. ~Umbers and average densities of Neohaematopinus sclurl 
Jancke, 1932, related to body locations on adult gray squirrels 

Host 12 males 10 females Total 
Total Avg. Total Avg. Total Avg. 

body region number densities1 number densities number densities 

Back 1114 0 .. 5785 456 0.3059 1570 0.4546 

Legs 637 0.4597 243 0.2283 880 0.3545 

Underparts 487 0.4780 125 0.1590 612 0.3330 

Tail 155 0.4198 63 0.2260 218 0.3317 

Head 124 0.1514 66 0.1006 190 0.1283 

Uncertain 
location 221 108 329 

Entire body 
totals 2738 1061 3799 

and 
averages 0.4175 0.2040 0.3204 

1/ Number per square centimeter of skin surface 
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with the majority of Immatures occurring on the legs and underparts. 

Enderlelnellus lOnglce2~ Kellogg and Ferris, 1915 

From the general survey of the 106 gray squirrels examined, !. 

longiceps was found on 72 (68%) of the hosts. Table XXX shows the 

incidences of infection related to the sex and age categories of the 

hosts. The incidence appears to be the highest among the male squir

rels and the totals for the age groups of juvenile and subadult show 

a slightly higher percentage than the adults. Since the sample sizes 

in these two age categories were less than those of the adult category, 

a proper comparison cannot be made. However, this is a very small louse 

which must cling to the smaller dlamter hair shafts and, therefore, I 

cannot completely rule out the possibility that it shows preference for 

younger animals. 

Flgure 21 illustrates the seasonal lnel.dence of this species. The 

highest percentage of squirrels infested were collected during winter, 

with 14 (93.3%) animals infested of 15 examined. The lowest percentage 

of infestation occurred in the spring, with 1 (20.0%) animal infested of 

5 examinedo This low was followed by an increase in summer, with 23 

(58.9%) animals infested of 39 examined, and fall, with 34 (72.3%) 

animals infested of 47 examined. Therefore, there appears to be a 

d~finite seasonal relationship in percentages of infection with !. lOngl

ce~so This trend shows a steady increase in the percentage of squirrels 

infested from a low in spring to a high in wlnter~ Watson (1959) showed 

that the frequencies of certain species of lice increase during cold, 
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TABLE XXX. Incidence of Enderleinellus longice~~ Kellogg and Ferris~ 
1915. on the gray squirrel in southwestern Virginia related to the sex 
and age categories of the hosts 

--
Males Females Total 

Host age Examined % Examined % Examined % 
infested infested infested 

~~ .... -
Juvenile 12 66.67 3 66.67 15 66.67 

Subadult 9 77.78 12 75.00 21 76.19 

Adult 31 83.87 39 51.37 70 65.71 

Totals 52 54 106 
and 

averages 78.85 57.41 67.92 

--
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FIGURE 21. Percent squirrels infested with Enderlelne11us longlceps 

Kellogg and Ferris, 1915 correlated with seasons 

WINTER 
158 

a/ Number examined 

SPRING 
5 

SUMMER 

39 

FALL 

47 



-184-

dry climatic conditions and decrease in warm, moist conditions. 

The incidence of !_ longice2s on the 24 squirrels in the density 

studies was somewhat higher than was shown by the general survey_ 

Twenty squirrels (83.3%) were infested, 11 males (91.7%) and 9 females 

(75.01.). The numbers occurring on individual infested hosts ranged 

from 13 to 314 on male squirrels and from 3 to 1,264 on female squir

rels'll The average number for all infested squirrels was 142.3. 

On the body region I designated as the head, the numbers of !. 

!2Ea1ce2s on the region in infested males ranged from 1 to 133 (average 

39.6), whereas the densities ranged from 0.0151 to 1.8839 per square 

centimeter (average 0.7039). The numbers found on the head of infested 

females ranged from 0 to 296 (average 58.9), whereas the densities 

ranged from 000000 to 4.6614 per square centimeter (average 0.7580). 

lbe average on the head of the total (11 males, 9 females) were 48.3 

parasites per host head and 0.7337 per square centimeter. Enderlelnellus 

lonsiceE.! occurr.ed in the hi,ghest numbers and densities on this body 

region. 

The underparts region yielded an average density that was the second 

highest over other body regions. Numbers ranged from 2 to 75 (average 

18.8) among infested males, whereas the densities ranged from 0.0245 to 

0.7478 per square centimeter (average 0.2640). Among infested females, 

p&rasite nurnbers on the underparts ranged 0 to 401 (average 54.2), 

whereas the densities :t"anged from 0.0000 to 4.1443 per square centimeter 

(average 0.5059). The underparts averages for the total (11 males and 

9 females) were 34.8 parasites per host underparts and 0.3971 per square 

cent imeter • 
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On the back region. 1. longlceps numbers ranged from 0 to 91 

(average 27.6) among infested males, whereas the densities ranged from 

0.0000 to 0.6399 per square centimeter (average 0.2125). Among Infested 

females the numbers ranged from 0 to 353 (average 50.3), whereas the 

densities ranged from 0.0000 to 2.3944 per square centimeter (average 

0.2806). The averages for the total were 37.9 parasites per host back 

region and 0.2500 per square centimeter. 

On the legs, parasite numbers ranged from 0 to 48 (average 10.9) on 

infested males, whereas the densities ranged from 0.0000 to 0.4256 per 

square centimeter (average 0.1187). On infested females the numbers 

ranged from 0 to 173 (average 25.6), whereas the densities ranged from 

0.0000 to 1.5317 per square centimeter (average 0.1900). The averages 

on the legs of the total were 17.5 per infested host and 0.1580 per 

square centimeter. 

This species occurred In fewest numbers and densities on the tall 

region. On Infested males, the numbers ranged trom 0 to 1 (average 0.2), 

whereas the densIties ranged from 0.0000 to 0.0362 per square centimeter 

(average 0.0075). None of the feaales harbored this species on the 

tail. The total averages were 0.1 parasites per host tail and 0.0034 

per square centimeter. 

Therefore, of 2,845 Enderlelne11us longlceps collected from 20 

adtllt gray squirrels, 34.07. of these occurred on the head region; 26.6% 

occurred on the baek region; 24.4% occurred on the underparts region; 

12.3% occurred on the legs; and 0.1% occurred on the tail. During 

handling manipulations, 2.6% of the total became separated from the 
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host and could not be assigned to any certain body region. These 

were classified as "uncertain location". These percentages do not 

relate exactly to the densities which occur on the body regions. The 

head region does show the highest parasite numbers and the greatest 

average density. Ibwever. the underparts which shows the second highest 

density actually had fewer parasites than the back region which had the 

third highest density. I suggest that these densities (which are number 

per unit area), rather than actual numbers of parasites, indicate 

parasite preferences for location on the host. Therefore, from the 

density study. I sho~ that !~ longiceps prefers the ecological conditions 

of the head pelage" with decreasing preferences for underparts, back, 

legs and tail~ Table XXXI summarizes these data according to sex and 

body regions and provides the total parasite numbers and average densi

ties of all hosts examined. 

Er~er!~~e)~ lONL~%e2s is restricted for the most part to gray 

squirrels and fox squirrels. Sc~ur~~ ~olinensis Is the type host. 

Kim (1966) has published a revision of the genus Ende,Fleinellus includ

ing a key to the species. 

Hoploeleura sclurlcola Ferris, 1921 

In my general SU!"V9Y, the louse, Hoplopleura sciuricola, was found 

on 59 (55~7%) squirrels of 106 examined. Table XXXII shows the percent

ages of squirrels infasted related to the sex and age categories of the 

hostso The males demonstrated a higher incidence of this species in 

which 35 (67.3%) were infested of 52 examined as compared with 24(44.4%) 

females infested of 54 examlrr.ed ~ The data seems to indicate the highest 
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TABLE XXXI. Numbers and average densities of Enderleinellus longieees 
related to body locations on adult gray squirrels 

__ 11 males 9 females Total 
Host . 

Total Avg. Total Avg. Total Avg. 
body region number densities l number densities number densities 

Head 436 0.7039 530 0.7580 966 0.7337 

Underparts 207 0.2640 488 0.5059 685 0.3971 

Back 304 0.2125 453 0.2806 757 0.2500 

Legs 120 0.1187 230 0.1900 350 0.1580 

Tail 2 0.0075 0 0.0000 2 0.0034 

Uncertain 
location 30 4S 75 

Entire body 
totals 1099 1746 2845 

and 
aVrarages 0.2613 0.3469 0.3084 

1/ Number per square centimeter of skin surface 
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TABLE XXXII. Incidence of Hoplopleura sciurlcola Ferris, 1921, on the 
gray squirrel in southwestern Virginia related to the sex and age cate
gories of the hosts 

.. Males 
Host age Examined % 

infested 

Females 
Examined X 

infested 

Total 
Examined 1-

infested 

----~-----.. --------------------------------------------------------
Juvenile 12 25.00 3 0.00 15 20.00 

Subadult 9 88.89 12 50.00 21 66.66 

Adult 31 77.42 39 46.15 70 60.00 
• ________ Iti A " 

Totals 52 54 106 
and 

averages 67.31 44.44 55.66 
.,~~ ---
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percentage of in.festation in the subadult age category, with the adults 

showing a slightly lower percentage. The juvenile squirrels had signi

ficantly lower percentages than the other age categories. It must be 

considered, however. that the juvenile and subadult categories included 

fewer numbers of squirrels e"amined and do not provide good comparison 

with the adults. 

By examining the incidence of li. scluricola in relation to the 

seasons of the year (Figure 22), the highest percentage of squirrels 

are infested in winter (53.3%) and summer (66.7%) and the lowest in 

spring (40.0%) and fall (46.8%). 

The incidence of this species on the 24 squirrels in the density 

studies was somewhat higher than that shown by the general survey. 

Eighteen squirrels (75.0%) were infested with ~~ sciuricols 9 11 males 

(91.7%) and 7 females (58.3%). Numbers on infested hosts ranged from 

2 to 637 (average 185.6) among the male squirrels and from 1 to 273 

(average 7[4>.6) among the females. with an average for the total of 14204. 

On the body region I designated as the legs, the numbers of lie 

§c~Ut~221! on infested males ranged from 0 to 370 (average 90.5), whereas 

the densities ranged from 0.0000 to 3.2810 per square centimeter (average 

0.7354). The numbers of this species on the legs of infested females 

ranged from 0 to 43 (average 1304), whereas the densities ranged from 

O~OOOO to O",l,,~!20 per square cent Imeter (average 0.1392) OJ The leg 

averages for the total infested were 60.5 parasites per host and 0.5157 

per square centimeter. This louse species occurred in higher densities 

on the legs than on any other body regiono 
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FIGURE 22. Peroent squirrels infested with Hoplopleura sciurloola 

Ferris, 1921 correlated with seasons 
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On the back region, the numbers of M. sciurlcola on infested males 

ranged from 1 to 228 (average 79.7), whereas the densities ranged from 

O~0054 to 1.5557 per square centimeter (average 0.4756). The numbers 

on the back of infested females ranged from 0 to 220 (average 55.9) 

parasites per host, whereas the densities ranged from 0.0000 to 1.4701 

per square centimeter (average 0.3650). The back averages for the total 

infested were 70.4 parasites per host and 0.4348 per square centimeter. 

The numbers of .ti. sciuricols .. occurring on the head region of in

fested males ranged from 0 to 15 (average 5.1), whereas the densities 

ranged from 0&0000 to 0.2155 per square centimeter (average 0.0750). 

The numbers found on infested females ranged from 0 to 8 (average 1.7), 

whereas the densities ranged from 0.0000 to 0.1220 per square centimeter 

(average 0.0268) It The averages of the he,ad region of the total infested 

lfere 3.8 parasites per host and 0.0572 per square centimeter. 

On the body region I designated as'the underparts, H. sciurlcola 

numbers ranged from 0 to 28 (average 6.3) on infested males, whereas the 

densities ranged from O~OOOO to 0.3097 per square centimeter (average 

000641.). On the underparts of illfested females, the total numbers ranged 

from 0 to 4 (average 1.0) .. whereas the densities ranged from 0.0000 to 

OC'0392 per squar~~ centimeter (average 0 .. 0104). The a,verages for the 

underparts of the total squirrels infested were 4.2 lice per host under

parts and 0,,0445 per square centimeter. 

!;I0l?l0E.,l.e,!!!".!. ~ occurred in fewest numbers and densities on 

the tail. Parasite numbet~s on infested males ranged from 0 to 2 (average 

0.3), whereas the densities ranged from 0.0000 to 0.0661 per square 

centimeter (average 0.0081). On infested females t the numbers ranged 
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from 0 to 1 (average 0.1), whereas the densities ranged from 0.0000 to 

0.0334 per square centimeter (average 0.0048). The averages for the 

tail region of the total squirrels infested were 0.2 parasites per host 

tail region and 0.0069 per square centimeter. 

Therefore, of 2,563 M. !£~uricola occurring on the infested squir

rels in the density study, 49.5% occurred on the back region and 42.5% 

on the leg region (together comprising 92.0%). On the underparts, head 

and tail occurred only 2.9%, 2.6'10 and 0.2% of the total, respectively. 

Due to the fact that some lIce became separated from the host during 

the handling processes, I collected an additional 2.3% under the head .. 

ing nuncertaln location". Although the greatest numbers of li. 

sc~icola occurred on the back, my data indicates that this species 

occurred in the highest densities on the legs. During the processes 

of gathering these data, I observed that most of the. M. !ciuricola on 

the legs were immatuxes,. whereas on the back there was also a majority 

of Inmatures, but the n,mbers of adults vere greater. Perhaps it is 

more advantageous for the adults to remain on the back because these 

large adult lice are probably more subject to the scratching activities 

c;f the host on other areas~ I conclude, therefore, that 1!. sciuricola 

generally prefers the habitat of the legs and back over the other body 

regions since the parasite numbers and densities appear to be signifi

cant greater there .. 

Table XXXIII summarizes these data according to sex and body regions 

and gives the total parasite numbers and average densities. 



-193-

TABLE XXXIII,. Numbers and average densities of !fop1opleura §_c~,uricola 
Fe.rris, 1921, related to body locations on adult: gray squirrels 

~"~~_~~_~",,,,~1lt'\IilI'!f 

11 males 7 females Tott?l 
Host Total Avg. Total Avg. Total Avg. 

body regions number densities l number densities number densities 
'"",*"f~~ _____ ,, __ 

~:~l'~~,_~'~ __ ~~;-'~""-,, ... ;..-~-

Legs 995 0.7354 94 0.1392 1089 0.5157 

Back 877 0.4756 391 0.3650 1268 0.4348 

Head S6 0.0750 12 0.0268 68 0.0572 

Underparts 69 000644 7 0.0104 76 0.0445 

Tail 3 0.0081 1 0.0048 4 0.0069 

Uncertain 
location 42 17 59 

---'_._---
Entire body 

totals 2042 522 2568 
and 

averages 0 .. 2717 0.1092 0.2118 

1/ Nu.mber per square centimeter of skin surface 
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Order Dlptera 

CUterebra sp. 

The botfly or warblefly maggot, CUterebra, Is one of the most 

important parasite species of the gray squirrel with regard to game 

management e Due to the numbers of squirrels harboring these large 

maggots under the skin during the early hunting seasons in certain 

lc,calitles, many of these squirrels killed by hunters are discarded 

clue to the idea that they render the animal unfit as a food item. For 

this reason~ and others, several states have postponed the opening of 

their squirrel hunting seasons until most of the larvae have emerged. 

I have found relatively few squirrels infested with CUterebr~ sp. 

in the present study~ Eight: hosts (7.5%) of 106 examined harbored them. 

All infested hosts were collected between August 31 and October 4e One 

host (1.0.0%) of 10 examined in the month of August was infested; three 

hosts (10.7%) of 28 examined in September were infested; and 4 out of 18 

(2202%) examined in October 'Were infested. Numbers per infestation 

ran~ed from 1 to 2 (sverage 1.1). All infested hosts were collected at 

an elevat h')n of approximately 2100 feet. Two hosts came from farm wood

l~ts, whereas six were from forest areas. Among the eight infested 

hosts four were rCAles (1 juvenile; 2 subadults; I adult) and four were 

females (1 juvenile; 2 subadults; 1 adult). The parasites were located 

on the thro.t=Jt~ on the head behind the ear and on the anterior thoracic 

exes.. No 'Warblefly was found on any of the 24 squh~'rels examined in the 

density study .. 

Chapman (1938) sho'(o1ed that 44 (12.2%) of 326 gray squirrels examined 

't-lere infested with ~~:~...2.~",t!!. sp. in south8l!stern Ohio. In Virginia, 
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Cross (19/.2) r'evelaed that 29 (28.2%) of 103 squirrels examined were 

infested. Parasite numbers ranged from 1 to 4 (average 2)~ The peak 

of infestation apparently occurred between September 1 and 15. Atkeson 

(19/,.8) lIsted 1.51 (/.1%) of 2,128 gray squirrels in Alabama to be in

fested. There the peak of infestation apparently occurred between 

October 1 and 15., The most: intensive investigation of this parasite 

has been conducted by Allison (1953) in North Carolina. He noted the 

seasonal and geographical dlstribut ions of Cuterebr.!. sp. as the result 

of hunter bag checks and questionnaires sent to license holders. The 

bag checks show.ed that peaks of infestation in the Mountain Region 

occurred between September 1 and October 1; in the Piedmont Region 

between September 15 and October 15; and in the Upper and Lower Coastal 

Regions between October 1 and November 1. Percentages of infestation 

averaged 7119% in the t-fountain Region, 30 .. 5% in the Piedmont Region, 

28 .. 0% in the Upper. Coastal Region and 0.6% J.n the Lower Coastal Region. 

Quest lonna ire resp(")nses provided s i.m i lar rates. The result s of the 

preSf!nt sturly l.n t"lhich 7 ~5% of the hosts vere j,nfested are comparable 

with the 7.,9% for the l>lountaln RegIon percentages in the North Carolina 

studyot According to the findings of Cross (1942), it appears that other 

localities in Virginia haye higher rates of infestation than was shown 

in my study. 

Although l.erval Q1terebra have been successfully reared to adults by 

several investigators (Johnson. 1930; Greene, 1935; Beamer" Permer and 

Hibbard, 1943; Allison, 1953), it appears that no one has identified or 

described the adults of larvae recovered from gray squirrels. 
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Apparently the larvae do not have significant morphological differences 

to facilitate specific IdentIfication. Therefore, most investigators 

have relied on the use of only the generic name. I unsuccessfully 

attempted to I'ear these to adults In ajar with so i 1 and damp Sphagnum 

moss. I did manage to secure pupated larve, but the adults never 

emerged. 

Payne and Cosgrove (1965) have described the pathology and healing 

processes associated with Cuterebra infestation ill gray squirrels. They 

observed some oruscular involvement and slower healing of the wounds in 

the gray squirrel than in other animals they observed infested with 

similar species. 

.Simul tUB! SPe 

Two specimens of the black fly (adults), Simulium, ap., were found 

on 2 (1..89%) grliy a'll! irrels of the 106 examined in my general survey. 

One occurred on an adult male host collected on September 18; and the 

other occurred on a subadult femal~ collected on September 30. The 

occurrance of §~ on gray squirrels suggest that they are also 

parasitic on them.. It is well known that these flies feed by sucking 

the blood of animal victims. Some have been shown to transmit certain 

protozoan and nematode diseases of domestic animals and man, which is 

facilitated by their feeding activities. ~ven if these flies feed fre

quently on gray squirrels. actual recoveries of them on hosts killed by 

shooting would be rare. Tho specimens collected In this study were 

obviously flies that had inadvertently become trapped in the fur of the 

squirrel. 
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One specImen of Simulium sp. was tentatively identified as 

Simul.ium sp .. (Jenn..i~8!! group). 

I also recovered Simuliu~ sp. from gray squirrel nests. 

Order Siphonaptera 

.Q.r.choeea§, ~lowardl.1 (Baker, 1895) 

In my general survey the flea, OrchoEeas ~~!~i~, occurred on 

78 (73.6%) of the 106 gray squirrels examined. This was the second 

most frequently encountered species. Table XXXIV records the incidence 

as related to the sex and age categories of the hosts.· Accepting the 

data at face value, it appears that the highest percentages of squlr

~els infested with Qo howardli are the juveniles, with decreasing 

frequencies on the subadults and adults. It also appears that a great

er percentage of males are infested than are the females. However, I 

run cognlzant that these data are not conclusive, due to the difference 

in sample sizes between the age categories. 

I examined my data to see what corretations exist between the in

cidence of Q .. ~t!ll and the seasons of the year.. Figure 23 compara

tively iilustrbtes my rt~sltlts$ The winter sample of 15 squirrels 

showed 100% to be infested with Q. ~~ardlt; the spring sample of 5 

yJ.elded 1 (20100%); the summer sample of 39 yielded 24 (61.5%); and the 

fall sEunple of 47 squirrels yielded 38 (80.9%). Therefore, it appears 

that fleas increase in frequency on gray squirrels, from a low f,n spring, 

wi th increas'~s in summer through fall, to a h 19b in winter. These 

observations may be compared to those of Watson (1959) who made acto

p~rasite counts on squirrels in Florida. He noted the highest number 



TABLE XXXIV. Percent gray squirrels infested with ~hopeas howardi! 
related to the sex and age categories of the hosts 

Males Females Total 
Host ago Examined % Examined % Examined % 

infested infested infested 

-
Juvenile 12 91.66 3 100.00 15 93.33 

Subadult 9 88.88 12 75 .. 00 21 80.95 

Adult 31 74.19 39 61.53 70 67.14 

Totals 52 54 106 
and 

averages 80.76 66.66 73.58 
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FIGURE 23. Percent squirrels infested with Orchopea~ howardll (Baker. 

1895) correlated with seasons 
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of fleas occurred on squirrels in November, with a decline to very low 

numbers in January, February and March. A slow increase began in April 

to ~~y~ with higher numbers in June, July and October. He had no 

August and September samples. 

The density studies of the 24 adult squirrels yielded a slightly 

higher percentage infested than did the general survey. Twenty (83.3%) 

hosts were infested, 10 males (83.3%) and 10 females (83~3%). The 

numbers occurring on individual hosts ranged from 1 to 28 (average 9.1) 

among the male squirrels and from I to 14 (average 4.4) among the fe

males, for an average of the total of 6.8. 

On the body region designated as tall, Q. ~owardil numbers ranged 

from 0 to 4 (average 0.8) on infested males, whereas the densities 

ranged from 0.0000 to 0.0984 per square centimeter (average 0.0240). 

On infested females, parasite numbers ranged from 0 to 4 (average 0.9), 

whereas the d~nsit!es ranged from 0.0000 to 0.1633 per square centimeter 

(average 0.0318). the tall averages for the total infested were OG8 

fleas per host tail region and 0.0281 per square centimeter. The high

est densities were encountered on this body reglon. 

On the legs, numbers ranged from 0 to 6 (average 1.1) on infested 

males, whereas the densities ranged from 0.0000 to 0.0522 per square 

centlmater (average 0.0103). On infested females, the numbers ranged 

frf)m 0 to 3 ( Rver age 0 I) 5), whereas the dens i ties ranged from 0.0000 to 

Oe0261 per square centimeter (average 0.0047). The averages for the 

total infested were 0.8 fleas per host legs and 0.0074 per square cent!-

meter. 
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On the back region, flea numbers on infested males ranged from 0 to 

6 (average 1.4), whereas the densities ranged from 0.0000 to 0.0325 per 

square centimeter (average 0.0091). On infested females, flea numbers 

on the back regIon ranged from 0 to 3 (average 0.7), whereas the densities 

ranged from 0.0000 to 0.0183 per square centimeter (average 0.0045). 

The averages for the total infested were 1.1 fleas per host back regIon 

and 0.0067 per square centimeter. 

On the underparts region, flea numbers on infested males ranged 

from 0 to 2 (average 0.3), whereas the densities ranged from 0.0000 to 

0.0235 per square centimeter (averageO.0037). The numbers on infested 

females ranged from 0 to 1 (average 0.1), whereas the densities ranged 

from 0.0000 to 0.0107 per square centimeter (average 0.0011). The 

averages for the total infested were 0.2 fleas per host underparts and 

0.0023 per square centimeter. 

Fleas occurred In least numbers and dansit les on the head region. 

On infested males, the numbers ranged from 0 to 1 (average 0.2), whereas 

the densities ranged from 0.0000 to 0.0151 per square centimeter (aver

age 0.0033). On infested females, no fleas occurred on the head region 

of any examined. The head averages for the total infested were 0.1 

fleas per host head region and 0.0015 per square centimeter. 

Of the 135 fleas, Q. howardii, which occurred on 20 of the squir

rels in the density survey, 12.6% occurred on the tail region, 11.8~ on 

the legs, 15.6% on the back, 3.0% on the underparts and 1.5% on the 

head. 0f all the species I collected in the density studies, Q. howard!i 

showed the greatest tendency of becoming detached from the host during 
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handling procedures even though they had been killed with ether upon 

immediate collection of the host. From "uncertain location", 55.5% 

of the fleas recovered were placed in this category. Therefore, the 

results of the density study which showed decreasing densities from 

tail to legs, back, underparts and head, cannot be conclusive, since 

the numbers on these areas amounted to less than half of the total 

popUlation collected. Table XXXV summarizes the data of the density 

study as related to Q. howard!! and the body regions and sex of the 

host. 

Class Arachnida 
Order Acari 

Family Ixodidae 

Ixodes marx! Banks, 1908 

In my general survey the tick, Ixodes marx1, was found on 24 (22.61.) 

of the 106 hosts examined, 11 (21.21.) males and 13 (24.1%) females. 

Table XXXVI provides the percent infested related to the sex and age 

categories of the hosts. There appear to be no definite patterns between 

the age categories, in which the highest percentage was shown by the 

juveniles (33.3%), the second highest the adults (24.3%), and the sub-

adults least (9.5%). These results may have been influenced by differ-

ences in sample size. Otherwise the higher incidence in the juveniles 

cannot be explained. The averages for the total of the males and females 

do not appear to be significantly different. 

In examining my data concerning the seasonal incidence of 1. marx!, 

I discovered that no squirrels collected during winter and spring months 

harbored them and that 6 (15.4%) of 39 hosts examined 1n summer and 18 
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TABLE XXXV. Numbers and average densities of Orchopeas howard!! (Baker, 
1895) related to body locations on adult gray squirrels 

Host 
body region 

Tail 

Legs 

Back 

Underparts 

Head 

Uncertain 
location 

Entire body 
totals 

and 
averages 

10 males 10 females 
Total Avg. Total Avg. 
number densIties l number densities 

8 0.0240 9 0.0318 

11 0.0103 5 0.0047 

14 0.0091 7 0.0045 

3 0.0037 1 0.0011 

2 0.0033 o 0.0000 

53 22 

91 44 

0.0189 0.0101 

Total 
Total Avg. 
number densities 

17 0.0281 

16 0.0074 

21 0.0067 

4 0.0023 

2 0.0015 

75 

135 

0.0145 

1/ ~umber per square centimeter of skin surface 
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TABLE XXXVI. Percent squirrels infested with Ixodes ~ Banks, 1908, 
related to the sex and age categories of the hosts 

Males 
Host age Examined % 

infested 

Juvenile 

Subadult 

Adult 

Totals 
and 

averages 

12 

9 

31 

52 

16.67 

11.11 

38.10 

21.15 

Females 
Examined % 

infested 

3 100.00 

12 8.33 

39 23.08 

54 

24.07 

Total 
Examined % 

infested 

15 33.33 

21 9.52 

70 24.29 

106 

22.64 
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(38.3%) of 47 examined in fall harbored them. Figure 24 illustrates 

these seas()nal differences for visual comparison .. 

The incidence of this species on the 24 squirrels of the density 

study was somewhat higher (37.5%) than was shown by our general survey 

(22.6%), demonstrat lng a more efficient recovery technique in the use 

of the Hopkin's hair dissolving method. Numbers on individual infested 

hosts ranged from 2 to 138 (average 36.2) among the males and from 1 to 

26 (average 11.6) among the females, with an average of 22.5 on all in

fested hosts (9 

On the body region designated as the tail, 1. marx! numbered from 

o to 26 (average 6.5), whereas the densities ranged from 0.0000 to 0.6399 

per square centimeter (average 0.1599). No ticks occurred on the tail 

region of infested females. The averages for the total infested were 

2$9 ticks per host tall region and 0.0711 per square centimeter. 

On the head region, 1. marx! numbers ranged from 0 to 14 (average 

400) on infested males, whereas the densities ranged from 0.0000 to 0.2003 

per square centimeter (average 0.0579). On infested females, the 

numbers ranged from 0 to 11 (average 4.8), whereas the densities ranged 

froll 0.0000 to 0.1678 per square centimeter (average 0.0746). The 

average for the total inf~sted was 4.4 ticks per host head region and 

0.0672 per square centimeter. 

On the body region designated as the back, 1. marx! numbers ranged 

from 0 to 24 (average 6.7) on infested males, whereas the densities 

ranged from 0.0000 to 0.1507 per square centimeter (average 0.0430). On 

infested females, tick numbers on the back ranged from 0 to 14 (average 

5.2), whereas the densities ranged from 0.0000 to 0.0936 per square 
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FIGURE 24. Percent squirrels infested with Ixodes marx! Banks. 1908, 

correlated with seasons 
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centimeter (average 0.0343). The averages for the total infested were 

5.9 ticks per host back region and 0.0382 per square centimeter. 

On the underparts region, the numbers on infested males ranged from 

o to 17 (average 4.7), whereas the densities ranged from 0.0000 to 

0.1995 per square centimeter (average 0.0557). On infested females, 

tick numbers ranged from 0 to 1 (average 0.2), whereas the densities 

ranged from 0.0000 to 0.0116 per square centimeter (average 0.0023). 

The averages for the total infested hosts were 2.2 ticks per host under

parts and a density of 0.0260 per square centimeter. 

Ixodes marxi occurred on the legs In the least numbers and densi

ties. On the legs of infested males, the numbers ranged from 0 to 7 

(average 1.7), whereas the densities ranged from 0.0000 to 0.0486 per 

square centimeter (average 0.0121). On infested females, tick numbers 

on the legs ranged from 0 to 2 (average 1.0), whereas the densities 

ranged from 0.0000 to 0.0196 per square centimeter (average 0.0092). 

The averages for the total infested were 1.3 ticks per host legs and a 

density of 0.0105 per square centimeter. 

The summary of our data given above and in Table XXXVII was pro

vided for future reference and should be considered cautiously, since 

one host had an unusually high number of ticks which accounted for 67.9% 

of the total collected. From my observations in this study, it is my 

opinion that 1. marx! usually prefers the environs of the head and back 

over other positions on the body. 

Of the 9 hosts which harbored 1. marx! In the density studies, 6 

hosts had these ticks located on the back region, accounting for 26.1% 

• 
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TABLE XXXVI r. Numbers and average densities of Ixodes marx! Banks. 1908, 
related to body locations on adult gray squirrels 

4 males 5 females Total 
Host Total Avg. Total Avg. Total Avg. 

body region number densities l number densities number densities 

Tail 26 0.1599 0 0.0000 26 0.0711 

Head 16 0.0579 24 0.0746 40 0.0672 

Back 27 0.0430 26 0.0343 53 0.0382 

Underparts 19 0.0557 1 0.0023 20 0.0260 

Legs 7 0.0121 5 0.0092 12 0.0105 

Uncertain 
location 50 2 52 

Entire body 
totals 145 58 203 

and 
averages 0.0731 0.0261 0.0470 

1/ Number per square centimeter of skin surface 
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of the total recovered; 7 had them on the head region, accounting for 

19.7%; 1 had them on the tall, accounting for 12.8%; 3 had them on the 

underparts, accounting for 9.9%; and 4 had them on the legs, accounting 

for 5.91.. An additional 25.6% was listed as "uncertain location." 

The majority of the specimens of 1. marxi occurring on the squirrels 

in this study were 6- and 8-legged larval stages. Very few adults were 

collected. 

Clark (1956) reported finding this species in the nests of gray 

squirrels in Maryland and Washington, D. C. I also recovered this 

species from nests in the present study in southwestern VIrginia. 

Family Laelapidae 

Androlaelaps casalls (Berlese, 1887) 

In the general survey for ectoparasites on 106 gray squirrels the 

mite, Androlaelaps casal is, was found on 13 (12.3%) hosts, 6 males (11.57.) 

and 7 females (13.0%). Table XXXVIII provides the percent incidence 

related to the sex and age categories of the hosts. Due to the few 

numbers of hosts infested, a proper appraisal of the differences cannot 

be made. My data showed that subadults had the highest percentage (19%), 

whereas the juveniles were second (13%) and the adults least (10%). 

There were no significant differences between the average percentages 

on each sex. 

In examining my data in relation to the seasonal incidence of this 

species, I discovered that all infested squirrels were collected during 

the months of July, August, September and October, with percentages of 
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TABLE XXXVIII. Percent squirrels infested with Androlaelaps casalis 
(Berlese, 1887) related to the sex and age categories of the hosts 

Males Females Total 
Host age Examined % Examined % Examined % 

infested infested infested 

Juvenile 12 8.33 3 33.33 15 13.33 

Subadult 9 22.22 12 16.67 21 19.05 

Adult 31 14.29 39 10.26 70 10.00 

Totals 52 54 106 
and 

averages 11.54 12.96 12.26 
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25.0%, 40.0%, 14.310 and 16.7%, respectively. This yielded none for 

squirrels collected in winter and spring, 7 (17.9%) for summer and 6 

(12.8%) for fall. Therefore, the occurrence of this species on squir

rels appears to be determined by seasonal influences. 

Few mites of this species occurred on the squirrels in the density 

study. One male had one mite on the back for a density of 0.0090 per 

square centimeter or a total body density of 0.0023 per square centi

meter. Two females were infested, one host with 1 on the legs for a 

density of 0.0087 per square centimeter and 3 of "uncertain location", 

for a total body density of 0.0100 per square centimeter; and the other 

host had 1 on the back (0.0067 per square centimeter), 1 on the legs 

(0.0084 per square centimeter), 1 on the head (0.0160 per square centi

meter) and 3 were listed as "uncertain location" for a total body densi

ty of 0.0152 per square centimeter. 

Clark (1956) found this species in gray squirrel nests in Maryland 

and Washington, D. C. It was more common in nests which had been in 

use for some time, but was not seen in high numbers. I also found this 

species in squirrel nests in the present study. 

Haemogamasus ambulans (Thorell, 1872) 

In my survey of 106 gray squirrels for ectoparasitic arthropods 

the mite, Haemogamasus ambulans, was found on 32 (30.2%) hosts. Accord

ing to Allred and Beck (1966) who differentiated between morphological 

forms within the n. ambulans species complex as A, B, C and D forms, 

variations in the present study included only the C and D forms. Table 

XXXIX shows the percentages of infestation related to the sex and age 
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TABLE XXXIX. Percent gray squirrels infested with Haemosamasus ambulans 
(Thorell, 1872) related to the sex and age categories of the hosts 

Males Females Total 
Host age Examined % Examined % Examined % 

infested infested infested 

Juvenile 12 50.00 3 100.00 15 60.00 

Subadult 9 44.44 12 16.66 21 28.57 

Adult 31 29.03 39 20.51 70 24.29 

Totals 52 54 106 
and 

averages 36.54 24.07 30.19 
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categories of the hosts. Viewing the totals of both sexes in each age 

class, it appears that the juvenile squirrels have the highest percent

age (60.01.), with subadults second (28.6%) and adults least (24.3%). 

For the totals of all age classes of each sex, it also appears that the 

males (36.5%) may be more frequently infested than the females (24.11.). 

Figure 25 Illustrates the seasonal incidence of ~. ambulans on the 

squirrels in this study. No squirrels were infested with this species 

in spring (0.0%); 15.4% were infested in summer, with increases to 42.6% 

in the fall. The winter sample is very similar to the fall sample, but 

shows a slight decline (40.01.). 

The density studies of 24 adult gray squirrels yielded 8 (33%) in

fested with n. ambulans (4 males, 331.; 4 females, 33%). These percent

ages are very similar to that provided in the general survey. Total 

parasite counts of this species on individual hosts ranged from 1 to 21 

(average 8.0) on infested males and from 8 to 130 (average 39.8) on 

infested females. The average for all infested hosts was 23.9 parasites 

per host. 

This mite was recovered from all body regions, except the head, in 

the density study. This species, however, shows definite preference for 

the tall region over the other areas. Numbers on the tail region of 

infested males ranged from 0 to 11 (average 4.0), whereas the densities 

ranged from 0.0000 to 0.2707 per square centimeter (average 0.1062). 

On the tail of infested females, mite numbers ranged from 3 to 47 

(average 16.7). whereas the densities ranged from 0.0912 to 1.7091 per 

square centimeter (average 0.5705). The tail averages for all infested 
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FIGURE 25. Percent squirrels infested with Haemogamasus ambulans 

(Thorell, 1872) correlated with seasons 
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hosts were 10.8 mites per host tail and 0.3384 per square centimeter. 

r~ H. ambulans occurred on any other body regions in the males. 

'fwo females had them on the back, in which mite numbers were I and 2, 

respectively, with densities of 0.0061 and 0.0117, respectively. One 

host had I ~. ambulans on the legs for a density of 0.0083 per square 

centimeter; and one host harbored 2 E. ambulans on the underparts, for 

a density of 0.0204 per square centimeter. Table XL summarizes the 

results of the density studies concerning this species. 

Clark (1956) reported that E. ambulans was the most common acarine 

parasite in squirrel nests in Maryland and Washington, D. C. I also 

found these in squirrel nests in southwestern Virginia. Keegan (1951) 

indicated the distribution of this species to be Nearctlc, Palearetlc 

and Oriental. In North America it has been reported from the rodent 

host genera Tamiasciurus, Sciurus, Glaucomys, Neotoma, Microtis, 

Clethrionomxs and Thomomys (Keegan, 1951). 

Clark (1956; 1958) showed that M. ambu1ans may serve as the inter

mediate host and aid in the transmission of Hepatozoon ~iselsciurl to 

gray squirrels. 

Another mite belonging to the same genus was found on one host in 

the general survey and was identified as Haemogamasus sp. (probably fl. 

Eontiger). 

Echlnolaelaps ap. 

One specimen of Echlnolaelaps sp. was recovered, from a subadult 

female gray squirrel collected in February on a campus woodlot, out of 

the 106 squirrels surveyed (0.941.). Members of this genus occur on 
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TABLE XL. Numbers and average densities of Haemogamasus ambulan! 
(Thorell, 1872) related to body locations on adult gray squirrels 

Host 4 males 4 females Total 

body region Total Avg. Total Avg. Total Avg. 
number densities l number densities number densities 

Tail 16 0.1062 67 0.5705 83 0.3384 

Underparts 0 0.0000 2 0.0051 2 0.0025 

Back 0 0.0000 3 0.0045 3 0.0022 

Legs 0 0.0000 1 0.0021 1 0.0011 

Head 0 0.0000 0 0.0000 0 0.0000 

Uncertain 
location 16 86 102 

Entire body 
totals 32 159 191 

and 
averages 0.0167 0.0352 0.0259 

1/ r~ber per square centimeter of skin surface 
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rodents throughout the world. The rarity of this mite on the gray 

squirrels in this study suggests it to be either accidental or uncommon 

in occurrence. The lack of additional specimens prohibited specific 

identification. 

Family Macronyssldae 

Hirstionyssus sp_ 

One specimen of Hirstionyssus sp. was found on a single (0.94%) 

subadult female gray squirrel collected in the month of Jane in the town 

of Blacksburg. Species of this genus have been reported on small 

rodents, carnivores and insectivores in North America, Europe, Africa 

and Asia. One species was implicated as a potential vector of hemorr

hagic fever in Korea (Traub, ~. !l., 1954). According to Baker, !!. !l. 

(1967), the life histories are unknown for any species of the genus 

Hirstionyssus. Strandtmann and Morlan (1953) suggested that these mites 

probably spend most of their tLme off the host. 

Family Rodentopidldae 

Unidentified mites 

These small mites (Figure 26) were found on two squirrels (1.897.). 

Most were attached to the hairs, some on the skin and a few were found 

actually embedded in the skin. The numbers recovered were 2,272 on one 

host and 223 on the other. 

Dr. Don Johnson of the Institute of Acarology at Ohio State Univer

sity, by way of correspondence, told me that these mites belonged to the 

family Rodentopldldae which were known to occur on rodents in central 
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flCURE 26. Unidentified mite 
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Africa. I was unable to locate this family name in the literature. Dr. 

Dorald Allred of Brigham Young UnIversity also examined these mites and 

could not be certain as to their taxonomic location. He also said that 

he was not familiar with the family Rodentopididae. Specimens were sent 

to two other experts in the field, one in England, who would not even 

guess at an identification, and one in Canada who said these mites be

longed to the family Myoblidae. In further correspondence with Dr. 

Allred, he said these mites were definitely not of the family Myoblidae. 

Therefore, there is much uncertainty with regard to the taxonomic loca

tion of this mite. Due to the problems encountered with identification 

and because I am not an experienced acarologist, further study was not 

continued. It is likely these mites represent a new genus and possibly 

may require a new family designation also. For the present, I assign 

it the tentative family designation of Rodentopididae. 

The sketch of the mite (Figure 26) was made from photomlcrographs t 

sketches and notes and is included here for future reference. The body 

d1mensions averaged about 0.153 mm in length by 0.109 mm in width. The 

long spines on Leg III averaged 0.075 mm in length while those on Leg 

IV averaged 0.143 rom in length. 

Family Trombiculidae 

Chiggers 

In my general survey of 106 gray squirrels. 15 (14.15%) squirrels 

were infested with chiggers. Although specimens were not counted in 

that survey~ chiggers appeared to occur in low numbers. The infested 

squirrels included 7 males and 8 females. On a seasonal basis, I 
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(6.7%) of 15 examined in winter harbored chiggers; 1 (20.0%) of 5 

in spring harbored them; 2 (5.1%) of 39 in summer harbored them; and 

11 (23.4%) of 47 in fall harbored them. Therefore, it appears that 

chiggers are more prevalent during the fall months than at other times 

of the year. 

The density survey yielded three (2 males; 1 female) hosts (12.5%) 

infested with chiggers of the 24 examined. This percentage Is nearly 

that of the general survey. The parasite numbers on each host were 3, 

5, and 80, respectively (average 29.3). The average densities of 

chiggers on these anlmv.ls were 0.0060, 0.0100 and 0.1786 per square 

centimeter, respectively. Body regional preferences of these parasites 

could not be properly assessed by my present data, although I can say 

that chiggers occurred on the head region of all three infested animals. 

The greatest density of chiggers occurring on an individual host was 

found on the legs. 

~bst of the chiggers observed in this study belong to the genus 

1TO~blcula. One species was identified with the !. microti group_ 

I assume that chiggers instigate some degree of annoyance and dis

comfort to squirrels but I cannot estimate the effects of this on the 

well-being of the animal. 

Incidental organisms 

A number of organisms were found in the pelage of several squirrels 

which were not considered to be parasitic. Apparently these were inad

vertently caught in the fur of the host as their activities brought them 

in contact with them. These organisms are listed in Table XLI. 
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TABLE XLI. Arthropods found to be incidentally present in the pelage of 
gray squirrels in southwestern Virginia 

Mites Insects 

Orlbatell~ sp. Trogoderma sp • 

.Ql?2'!.!. sp. ~canium sp. 

Cinara sp .. 

Ga1lll!lI!! sp. 

Tumidalyus amerlcan~ 

Scapherema6us sp. 

~elichares dentrltlc~s 

Macrocheles sp .. 

Tyrophagus putrescentiae 

f§eudoparasitus sp. 

Speleognathldae (genus?) 

Parasitidae (genus?) 

Ceratozitidae (genus?) 

Camlsiidae (genus?) 
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4. Nest-funnel ~~vey 

After a period of about four months from the tlme of installation 

of the nest-funnels In the two woodlots, I began monitoring them each 

month and examining the contents of the attached collecting jars for 

arthropods. This project was begun on 30 July 1968 and was continued 

regularly until 30 July 1969. During this time I found that only one 

:;quirrel nest was constructed in one of the six experimental nest ... 

funnels located in the Crumpacker woodlot, but no squirrels were observed 

during the trips in which collections were made. This single nest

funnel was used by a squirrel or squirrels for about two months during 

which time I collected the following organisms: Orchopeas howardi1, 

Ixodes marxl and Haemosamasus ambulans, which are parasitic on squirrels, 

and MlPoas~l~ SP.9 a mite which Is apparently predaceous in habit. This 

nest-funnel was later abandoned and apparently not used again during the 

study period. A number of common flying and crawling arthropods were 

found in the collecting jars and examinations in this woodlot were dis

continued after several months without finding any parasitic species. 

In the Prices Fork woodlot, nest litter was placed by squirrels in 

all of the six experimental nest-funnels during the study period. How

ever, none were continually occupied throughout the period of study. On 

occasions, one or two squirrels were occupying a nest-funnel at the time 

of the examinat ion,. During the spring months, I found that several nest .. 

funnels were being used by nesting birds: two families of starlings 

and two families of sparrow hawks. When these were encountered. the 

eggs and litter placed by the birds vere removed. 
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In the planning stages of this project, I anticipated that once 

a squirrel nest was established in the nest.funnel, it could then be 

monitored for some time to yield & broad spectrum of nest-inhabiting 

arthropods. This situation was not realized in the present study be

cause individual nest-funnels were not occupied more than a few months. 

Also, it was thought that comparisons might be made between the two 

woodlots under study. This" too, was not realized in the present 

study, since the Crumpacker woodlot apparently had few squirrels and 

apparently only one nest-funnel was ever used. 

In spite of the numerous problems and complications which befell 

the project, I was able to prepare a list of the arthropods which 

occurred in the nest-funnels located in the Prices Fork woodlot while 

they were being used regularly by gray squirrels. Table XLII lists 

these organisms and indicates their apparent status in the ecology of 

the nest, !1>.tss whether or not they are parasitic or predaceous.. Those 

whose status {!ould not be determined are included under the heading 

"Miscellaneous". Eight species are indicated as parasites and all of 

these were confirmed as parasites on gray squirrels in my ectoparasite 

survey. ! did not collect any parasitic organisms in the nest e funne1s 

that I had not found previously on squirrels. 

Nest-funnel occupation and the occurrence of squirrel ectoparasites 

Wi~re recorded for the Prices Fork woodlot. Tll0 (33.3%) nest-funnels 

in January yielded 150 organisms (average 75.0); 2 (33.3%) in February 

yielded 146 (average 73.0); I (16.7%) in March yielded 63; 6 (100%) in 

April yielded 135 (average 22.5); 5 (83.3%) in May yielded 709 (average 
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TABLE XLII. List of the arthropod inhabitants of squirrel nest-funnels 
collected from six locations in Prices Fork woodlot on the campus of 
Virginia Polytechnic Institute and State University, July, 1968-July, 
1969 

-----,----------------------------------------------------------------------
Organism collected 

Proposed dietary habits 
Parasit Ie Predaceous ~Usc. 

------------,-----------------------------------------------------------
Insecta 

Ceratophyliidae 
.Qrcho~ ho,!ard i i 

Hoplopleuridae 
li!~h~atoE.inu! selurl 
lID21~~eur~ sciurlcola 
Enderleinel~s .longiceps 

Slmuli idae 

~~~J~ sp. 

Acari 
Ixodidae 

!x:o~tfj!'! m!rxi 
Amerosi idaa 

~~'!'C2..~~ sp. 
Laelaptldae 

gf,'!nus? 

l:!!~mo gant!!2 ambu lans 
~.E!..ola~laEs ,£SS£l1.t§. 

Macr~)chel idae 
Na,£!~~les Spo 

Uropodidae 
genus? 

Cheylet idee 
.Q}~le~ sp. 

Oribatulid&!(:? 
genus? 

Acaridae 
~yropha8us sp" 

Ascidae 
Blattisocius sp. 

Ga 1 ~mn tda;---'-
Ga 1 ~unl1a sp .. 

Glycyphagidae 
.£!!~~!~ sp. 

Mesostigmata 
family? genus? 

x 

x 
X 
X 

x 

x 

x 
X 

x 

x 

x 

x 

x 

x 

----------------------------------

x 

x 

x 

x 

x 
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141.3); 3 (50.0%) in June yielded 323 (average 107.6); 5 (83.3%) in 

July yielded 31 (average 6.2); 1 (16.7%) in August yielded 22; 1 (16.7%) 

in September yielded 39; 6 (100%) in October yielded 830 (average 138.3); 

4 (66~7%) in November yielded 306 (average 76.5); and 2 (33.3%) in 

December yielded 479 (average 239.5). From these limited data is sug

gested that the months of January through April e.nd July through 

September 8.re periods of low numbers of nest-inhabiting arthropods and 

May through June and October through December are periods of high 

arthropod intensities in the nest-funnels. 

The control nest-runnels t which had one-fourth-inch-mesh hardware 

cloth obstruct ing the. entrance hole to exclude squirrels, did not 

yield any squirrel parasites in the collecting jars. However~ many 

f l~ling and l:!ra~11 ing arthropods and a few predaceous mites d ld find 

their way into the control nest-funnels and subsequently into the 

collecting jill'S. 

A nu:nber of other arthropods, not listed in this study, were 

regularly l";;{Hlnd in the collecting jars. These included bees, wasps, 

flies of many ~;pecies, v8.rious beetles, caterpillars, centipedes t 

roaches, moths Bnd spiders. These were more numerous during the 

warmer D':<.tnths of the year... Assuming that the same variety and number 

of thesp. organisms may flnd their way into the many natural squirrel 

nests and sites, it is likely that they constitute a certain 

physical aru'!.oyance to the squirrels by their presence .. 

Clark (1956) reported the following ectoparasites in squirrel 

nests in Hashington, o. C. and Maryland: the flea, Orchopeas howardi1; 
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the ticks, Ixode~ ~arxi and Dermacentor variabills; and the mltes t 

liaemo,g:am~1!.~ "!lll1b~l..!!l.§.t Andro laelaps casal is and Ornlt;h ionrssus bacot 1. 

r":ven though some squ irrels demonstrated ralat i vely high numbers of 

ectoparasitic organisms, I found no serious pathological conditions 

resulting from them. The attachment of ticks caused small localized 

irritations, but I never observed any signs of secondary infection 

resultin.g from this", The bites of fleas and lice and some penetration 

of the epidermis by small mites probably caused some discomfort to 

the host. Probably che scratching activities of the hosts cause more 

damage to the skin and fur than the ticks, fleas or lice themselves. 

The most extensive gross pathology caused by any ectoparasite was ob

served '.fit!: t:hf~ large fly maggot., SUmt.'9rebra sp., which formed huge 

lesions in the skin of its host, but rates of infestat ion were low in 

this study" The pflthology of f.!!~~ SPa in squirrels has already 

been properly f':lUr;ldated by Payne and Cosgrove (1965)" 

In my observattons of parasitic arthropods on gray squirrels, the 

following (llrganis~ns and percentages of occurrence were shown by my 

general survey of 106 squirrels: Bruella !.2.t:.!-!ndata (109%); Neohaemato

.2.!.!!!JS .se iurl (al..; 1 %); lIop;lo2y!'utC!. sciurlcola (54.7%); Enderleinellu~ 

lo~~iceE! (67~9%); .~ter~br~ SPa (7.6%); Simulium sp. (1.9%); Orchopeas 
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howardt! (73$6%); Ixodes marxi (22.5%); Androlaelaps casalis (12.3%); 

liaemog~!l.!.l!~ sp .. (O.9'%.~; Jiaemogamasus ambulans (30.2%); Echinolaelaps 

sp. (0.9%); .~tionyssus sp. (0.9%); unidentified mites, family 

Rodentopidtdae; (1.9%), and chiggers, trombiculidae, (14.2%). 

A study was conducted to determine body surface areas of 24 adult 

squlrrels (12 males and 12 females) using flat tracings of the skin from 

l:he vaTi(~'.ls body regions and computing the area with a planimeter. These 

body ",<lere macerated with 5% sodium hydroxide and total count s 

of the ectoparasites were made. These data showed that the back consti

tuted 35% of t.he total body surface area. followed by legs (25%), 

underparts (19%), head (14%) and tail (7%). The total densities of all 

ectoparasite species yielded the highest parasite densities on the 

back, "1lth decreasing den~lties on the legs, head, underparts and tall. 

Also male h()sts d·'?monstrated the highest numbers of ectoparasites and 

the greatest densities. 

NE.>oh.E.EJ!!,~!_~EJ~u~ !!.cr.!E.!:i infested both male and female hosts, showing 

J!oout eql:al of infestat ion. Also, percentages of infesta-

les were not significantly different. The 

seasort~,l percentage of squirrels infested were those collected 

during ","lnter", Density determinations for this species were highest 

on the back region, with decreasing densities occurring on the legs, 

tall and head. 

~e~l~i~~~ longjce2s was shown to be more prevalent on male 

hosts arid the highest average percentage occurred within the subadult 

age group_ Accordir~ to seasonal occurrence, this species was most 
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prevalent on squirrels collected during winter. The density study 

showed preferenee by this species for the head region. with decreasing 

densities on the underparts, back, legs and tail. 

~Elo~l~~ ~cluricol~ was more frequently encountered on male 

squirrels and the greatest percentage of hosts infested, according to 

age category, were subadults. Seasonal incidences showed highest 

l.)(~rcentages among squirrels collected during summer<t The density 

study showed the highest density for this species occurred on the legs, 

toiith decreasing densities on the back t head. underparts and tail. 

Or~! h.2..,,!!rdl f. was more frequent 1y encountered on male hosts, 

but frequencies of infestation appeared to decrease with the age of 

the host, being highest among the juveniles. The density study showed 

highest density wIth thj,g species on the tail, followed by legs, back, 

underparts an~ tail. However, the data were not considered conclusive 

due to the fact that this species exhibited a marked tendency of be

coming separated from the host during handling manipulations in which 

more than half of the total collected could not, with certainty, be 

assigned ttl It body reg!,on. 

Ixod~ !!f~ was sho~~ to be slightly more frequent on female 

hosts, but not significantly so. It also was more prevalent among the 

juvenile hosts. This species was not found on any squirrels collected 

dur t.;ll',ter and sprjng, but exhibited maximum prevalence among the 

squirrels collected in fall. The density study yielded decreasIng 

densities frl.lID tail to head, back, underparts and legso However, r 

did not consider these results conclusive since one host harbored a 
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majority of the total ticks collected and thus influenced the averages. 

'&!!!:t:.2!le1;!l?! ~!lsC!lls was about equally prevalent on males and 

fe~~les9 and apparently there were no significant differences between 

the percentages of ths age classes. The highest percentage of squirrels 

infested with this species occurred in the month of August, and it only 

occurred 011 squirrels collected during the months of July through 

October", 

Hae~2~~su~ !~bulans showed its highest prevalence among male 

squirrels and the juveniles appeared significantly higher than the 

other age categories* According to seasonal occurrence, E- ambulans 

infested the greatest percentage of squirrels during the fall, but this 

was not significantly greater than the winter sample. No squirrels 

examined during sprlng were infested. The density study showed that 

this species had a definite preference for the tail region over other 

body regions t with decreasing densities on the underparts, back and 

legss None occurred on the head. 

A small mite was recovered in this study which remains unidentified, 

but was tentatively placed in the family Rodentopldldae. An illustration 

and brief description was included. 

O~ (fam. Trombieulidae) were present on several hosts, 

being most prevalent during spring and fall. Males and females 

her bored them tn. near 1 y equL\l percentages. 

A nu .... nber of arthropods occurred in the fur of squirrels which 

were not cons idered to be parasit le. A list of these was included. 
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Modified nest ... funnels were constructed and placed on trees in 

two campus woodlots and monitored monthly. One woodlot yielded only 

one occupation of a nest-funnel and was used only temporarily. Another 

woodlot yielded occupation of the six experimental nest-funnels during 

the year study period, but none were used continually throughout that 

time.. I prf.:'sented a list of arthropods occurring in these nests when 

they w~re occupied and indicated their apparent ecological role in the 

nest" l::ight species were listed a.s parasitic" all of which were shown 

to be parasites on squirrels by my other survey_ No parasites were 

found in these nests that had not been formerly found on the squirrels 

I surveyed. 

I observed no prevalence of serious pathological conditions in 

this study resulting from parasitic arthropods. 
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ADDENDUM 

I. Observations on the Parasites of North Carolina Gray 

Squirrels During the 1968 Emigration 

On September 26 0 27, 1968, a trip was made to the western mountain 

I'egion of North Carolina to observe and collect emigrating gray squir

rels, .§£..Lurus ,£arolinensis carollnensls Gmelin, l7B8~ which had become 

victims of road kills and drownings. The chief purpose of this expedi

tion was to collect reasonably fresh-killed specimens in order to deter

mine the degree in which they were parasitized and to seek causes for 

the emigration. Obviously one of the factors Inherent in the emigration 

activity wag a large squirrel population. This factor provided an ex

cellent opportunity to study the parasites of these animals. Flyger 

(1969) and Citron (1968) have released descriptions of the events of the 

gray squIrrel emigration of 1968 in North Carolina and other areas. 

A review of the literature on parasites from this host shows a sub

stantial list recorded from North Carolina squirrels in comparison with 

most other. localities.. Harkema (1936) recorded the nematode Heligmo ... 

~en~~~ ~ass~~~! (Price, 1929), the larval cestode Taenia taenlaeformis 

(Batsch, 1786), the lice ~21opleura sciuricola Ferris, 1921, and Neo

!H~2'.Il~~;?EJ!!.~ §.sJ,JJril!!:l.:! (Mjoberg, 1910), the mites AndroLa~laps glasgowi 

(Ewing t 1925) ~nd !~ombicula spo, the tick Ixodes hexagonus-cookii Pack

ard, 1869, and the flea Orchopeas howardii (Baker, 1895). Allison (1948) 

lIsted the myiasis-producing fly maggot Cuter~ .. ;:.! sp .. , chiggers, 1!.2.!

~~ sp_, and the flea, Orchopeas howard!i.. Shaftesburg (1934) 
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reported the flea, ~ irritans (Linn.~ 1758), and Brennan and 

Wha.rton (1950) reported the chigger, Trombicula whart.2!l!. .l:!.wing, 1929. 

Upon meeting with Assistant District Game Protector Supervisor 

A .. O. Ray and .Game Protector R. W. Beard, the escord proceeded to Oleoah 

Lake and other areas within easy driving distance of Waynesville, N. C., 

to visit the areas of maximum squirrel activity to collect freshly kill

ed specimens. The dead squirrels were placed In plastic bags and kept 

on ice until further processing could be made. The physical data on 

each squirrel was taken and recorded. The visceral organs ,~ere preserv

ed in 10% formalin for later inspection. In the laboratory the visceral 

organs were dissected and the organs and contents washed in a 1t325 

scr.een until the water ran clear. This material was then examined under 

a dissection microscope. The parasitic organisms were counted and stored 

in alcohol~ Cardiac blood was taken for making blood smears t and 1-2 ml 

was added to 10 ml of 2% formalin for examination by Knott's (1939) con

centration technlque (modification by Herman and Price, 1955) II> Fecal 

pellets were H.dded to 2% potassium dichromate solution in a volumetric 

manner. and samples examined in a Petroff-Hausser counting chamber to 

~ake coccidial oocyst counts~ The remainder was retained to allow time 

for sporulation of coccidia. 

In order to recover as many ectoparasites as possible, the plastic 

bag was v18shed and the fluid examined and each squirrel was combed and 

brushed over a white enamel pan. The arthropods thus recovered were 

counted and preserved in alcohol~ 

Since, unfortunately, the peak of the squirrel emigration activity 
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had apparently passed by the time of collection, only nine fresh speci

mens (seven females and two males) were recovered, although numerous 

decaying and mutilated carcasses were still to be seen along highways 

and floating in reservoirs. The physical data on these hosts are 

tabulated in Table I. 

The E;X8mination of the visceral organs of these nine squirrels 

sho\>ied that they harbored six species of nematodes. The number of 

species per host ranged 0 to 5, with an average of 3.1 species per host. 

The total number of nematodes per host ranged 0 to 914, with an average 

of 208'103 nematodes per host. BOhmiella wilson! Lucker, 1943, was re

covered from the stomach of one host; seven hosts harbored Citellinema 

llfurcatum Hall, 1916, in the small intestine; eight hosts harbored 

Heligmodendrium !:!assalll (Price, 1929) in the stomach, small intestine 

and cecum;:S_trg~~!! robustus Chandler, 1942, occurred in the duo

denum of eight hosts; one squirrel harbored Trichostrongx1us calcaratus 

Ransom, 1911 9 in the small intestine; and Enterobius !Sluri Cameron, 

1932, occurred in the ileum, cecum and large intestine of three hosts. 

One juvenile squirrel did not harbor any nematodes. 

The only pathological consequences from nematode infestation that 

'~7as evident t,'as erosion of the intest inal vi 11 i caused by attachment of 

the hookworms llellimodendriunl hasssll! and Citellinema bifurcatum when 

tlH~Y occurred in large numbers" Also slight damage was incurred by 

~r.2!!8.l1?~ robust,!;!,! penetration and entanglement in the vi IIi. mostly 

in the upper duodenum.. However,. the latter did not appear to cause a 

major pathological problem because of the few worms encountered. No 

other pathological condJ.tions resulting from nematode infestation were 



TABLE L. squ irrf:ll s:lI ~~:~ car'L 1 ine,!l~..i.! ~:.;rne 1 i n~ 1788~ collected in western 
North Caro 1 ina dur the ion~ September 26-27 t 1968 

~~ ___ ~'~~~~~~~""'."~~"..c """'._. __ ;;:.:;'~'_<r_~' _____ M5-'''''' d .~ t 'lP"~-.'\I;..""",,-~, ___ ,,~'·:r.;:r."'_ 

Host Sex Age Weight County Ma:pner 
number (grus) collected Locality 

--,. .... ""'.,: .. ~--
~~aIiIQ ... ...... -"""'~-----

1 Nale Subadult 482 Graham Drowned Cheoah Lake 

2 Female Adult 545 Graham Drowned Cheoah Lake 

3 Female Subadult 491 Graham Drowned Cheoah Lake 

4 Female Adult: 510 Graham Drowned Cheoah Lake 

5 Female Subadult 489 Graham Drowned Clleoah Lake s 
N 
!:' 
:0 

6 Female .Juveni le 430 Graham Drowned O1eoah Lake I 

7 Female Juvenile 352 Bumcombe Roadki 11 Sardis Road 

8 Female Subadult [,,)0 Haywood Roadki 11 Rt. 19, Canton 

9 ~!ale Subadult 453 Nitchell- Roadklll Linn Gap, Blue 
r"ic Dowe 11 1 i nes Ridge Parkway 
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evident, although one oxyurid, Enterobius sciuri, occurred in very high 

numbers. 

The examination of \olrlght's stained blood smears and blood concen

trates revealed the gametocytes of Hel?atozoon sp., apparently li. grisei

sciuri Clark, 1958, encysted in the monocytes. Five hosts (55%) were 

d~.agnosed positive from the st.slned smears, while six hosts (66~';) were 

positive as revealed by the blood concentrates. The numbers of garneto

cytes (estimated) ranged from scarce to very numerous. I~ microfilaria 

werf:: observed by any of these blood examination techniques. 

The microscopic examination of facol material demonstrated the 

presence of intestinal coccidia, Eim~rla sp., in all nine squirrels. 

Estims,tes of coccidial oocyst numbers ranged from 72f)OOO to 328,000 

oocysts per gram of feces, with an average of 190,500. The cysts of 

the flagellate, ~iardla sp., were observed in the feces of one host • 

. An estimate of the number of cysts per gram of feces was 96,000. No 

gross pathology resulting from coccidia or flagellate was evident in 

these observationso 

Despite the fact that six of these squirrels had been victims of 

drovning and three of roadkil1s and none was collected immediately at 

death, st least six species of arthropods were recovered from the fur 

of these animals. The squirrel fles t Qrchopeas howardii, and the louse, 

~'_"~".'_''' ___ ' __ ~_~''''_'' "._, .... _, __ Jiln<::ke, 1932, WE're recovered from all nine squir-

rels. The wBl·olefly, ~:r:2E.!:!. sp .. , infested five squirrels and occurred 

under the skin of the neC'k, the back, the shoulder~ the sides of the 

body and on the head beh Ind the ear. No more than tt.ro of these large 
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maggots occurred on an individual host. The mite, Androlaelap~ slas

gowl (Ewing, 1925), occurred on two hosts, and ~ostrozetes sp .. (Fam. 

Haplozetidae), an oribatid, occurred on one host. Chiggers of the 

Family j~!'omtictllidae occurred on four hosts. The ectoparasite infesta

tion appeared to be light; however, the numbers of chiggers were high 

on two hosts They may have been responsIble for the reddish spots 

on the host skin which were observed on the belly and underparts. 

Table II provides a summary of the parasites recovered from l\lorth 

Carolina gray squirrels in this study. The figures pertaining to 

Stron~D'..!2..L~ rO~J2..~ are very conservative, since these worms were 

deeply entangled in the v;.lli of the gut wall and many were difficult 

to remove without breakage.. No digestion techniques were employed for 

their recovery. 

From unpublished data on the parasites of five gray squirrels 

collected from SUfi~it, Ibrth Carolina, September 25, 1968, furnished 

by Dr .. F .. L .. Kellogg of the Southeastern Cooperative ~Hldlife Disease 

Study, the following parasites and percent incidence (in parentheses) 

are listed: ~E..!!:.l~ ~~<?11l (29%), .f..,..igtul!!1"~ sp. (20%), Citellinema 

bi~~ (80'%), .!.lS:..l!£.:~~dendrium hassalli (100%), t:imeria sp .. (lOO~~) 

and .lleohaen1iJ.toE~ .q:~i (60%). All of the parasites reported above 

were found in the present study except one, Rictularia sp. In addi

tion, t~e present report lists at least ten species not reported from 

Summi t 9 North Carol ina. Quant in (1969) has recent ly separated the 

nematode genus, }{ic.t~laria f'roellch" 1802, into tlvO genera, li.ictularla 

and Ptery~~odermatite!; \led!, 1861, and Lichtenfels (1970) considers the 
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TABLE II. Parasites recovered from nine gray squirrels, Sciurus 
carolinensis carollnensis Gmel1n~ 1788~ In western North Carolina, 
September 26.","27; 1968 

Parasite 

PROTOZOA 

Hepatozoon griseisclurl 

Eimeria sp. 

S!iard.ia sp. 

NElviATODES 

Heligmodendrlt1m hassalli 

~hmlella wilson! 

Trichostrong~lus £81caratus 

ARTHROPODS 

Q~cho1?eas howard i.! 

Neohaematop in~~ Be lUI" 1 

Cuterebra sp. 

Rostrozetes sp. 

chiggers (Trombiculi.dae) 

Percent 
squirrels 
infested 

66 

100 

11 

89 

78 

11 

11 

33 

89 

100 

100 

55 

22 

11 

44 

1/ Oocysts per gram of feces 
2/ Cysts per gram of feces 

Intensity 
Average (range) 

(few to many) 

190,500 (72,000-328,000)1 

69~0002 ( ___ ) 

63.2 (5 .. 284) 

32.5 (1.76) 

3.0 ( ... _-) 

3.0 (---) 

350.6 (42-800) 

10.3 (2-28) 

7.4 (1-19) 

8.8 (1-24) 

1.6 (1-2) 

18.5 (6-31) 

1.0 ( .... _) 

62.7 (1-154) 
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species from the gray squirrel to be Pterygodermatites Earkeri 

Lichtenfels, 1970. 

In order to implicate parasitism as a cause or factor in gray 

squirrel emigration, one must compare data on parasites in migrating 

squirrels with data obtained from the same host population during 

static conditions.. Unfortunately, sufficient data are not available 

for making any notable conclusi()ns. 

Allison (1948) stated that 69.8;~ of 53 squirrels examined between 

April 1 and October 1 vere infested with Cuterebra sp. in North Carolina. 

This does not significantly differ from the 55% incidence in the pre

sent study. 

t!arkema (1936) recorded monthly data from September, 1934 to r·lay, 

1935, on parasites of a total of 53 gray squirrels from Durham County, 

N. C. Five of the parasite species he listed were found in the present 

study. He listed ()nly one spr::cies of nematode, lIeligmodendrium hassalli t 

vlhich occurred in six of seven squirrels examined in September and aver

aged 11C.3 worms per infestatlon.. Of the 53 squirrels examined, 92i~ 

were infested with .:i. hassall~, averaging 78 worms per host. The pre ... 

sent study yielded a slightly lower percentage and infestation burden 

('rable I I). Perhaps th is ~las influenced by the presence of other 

tlernatode species, since five additional species occurred in these squir

reIn.. Heligmodendrium hassalli occurred in the largest numbers (284 

worms) in a squirrel which had only one other species present with it 

and in the smallest numbers (5 worms) when in association with four 

other species. 
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The other four species from Harkema's work found in common with the 

present study were ectoparasites. He reported chiggers, Trombicula sp., 

occurring on 43% of the squirrels in September and averaging 7 per host. 

Of the 53 hosts, 51% were infested with chiggers, averaging 6 per host. 

'The incidence of infestation does not differ significantly from 44% in 

the present study, but our average figure of 67.2 mites per squirrel 

was considerably higher. Androlaelaps glasgowi occurred on 29% of the 

hosts collected in September and 13/~ of those for the 9 month period 

with averages of infestation 0.6 and 0.3, respectively, in comparison 

with 22/~ and 18 .. 5 per infestat ion in the present study. Neohaematopinus 

scfuri ~vas given as 14% for September and 51% for the year, with in

festations averaging 2.7 and 28.8, respectively, in comparison to 100% 

and 8 .. 8 in the present study. Orchooeas howard!! occurred on 29% of 

the September squirrels and 51% of the year sample, with infestations 

averaging 0.7 and 3.7, respectively, in comparison with 100% and an 

average of 7.4 fleas in ehe present study. 

These comparisons show that apparently a greater variety of nema

todes were present in the squirrels during the emigration activities 

and either higher percentages of ectoparasite infestation and/or higher 

numbers on the hosts were usually significant. Apparently these circum

stances were the result of a high increase in the squirrel population 

and their increased movements on the ground. There is no evidence from 

this study that parasites had any influence upon the initiation of squir

rel emigration activities. There 1s a great need for additional data 

on the parasites of squirrels under normal conditions and further 

studies should be undertaken in the event of another emigration. 



-254-

The following organisms appear to be the first published records 

as parasites of gray squirrels in North Carolina: Hepatozoon grise!

~luri, Eimeria sp., Citellinema bifurcatum, Bohmiella wilson1, 

Trichostrongylus calcaratus and Strongyloides robustus. Enterobius 

scfuri was first described from the introduced American gray squirrel 

in Scotland (Cameron, 1932) and has subsequently been reported from the 

flying squirrel, GlaucomIs vola~l! volans (Linn., 1758) and the fox 

squirrel, Sciurus niger rufiventer St.-Hilaire, 1803, in Hichigan, Ohio 

and l,.fisconsin by I~ausch and Tiner (1948). Apparently this is the first 

report of this species in the gray squirrel for l<orth America and sub

stantially increases its distribution much farther south of its pre

vious reports in other hosts. Giardia SPa appears to be a new host 

record. 

\Ie wish to extend special thanks to ~lessr. A. o. Ray and R. \~. 

Beard for their helpful assistance in securing specimens, to Drs. 

R. I. Sailer, E. ;~. Baker and K. C. Emerson for identification of the 

ectoparasites, and to Dr. F. E. Kellogg for permission to use his 

unpublished data. 



PROTOZOAN, HELMINTH AND ARtHROPOD PARASITES OF 

THE GRAY SQUIRREL IN SOUTHWESTERN VIRGINIA 

BY: James QJnn Parker 

(Abstract) 

A comprehensive. qualitative and quantitative survey of parasites 

ot 176 gray squirrels. Solums caroltnenals eeDDsylvaplcu, Ord. 1815, 

was conducted from September, 1966, to July, 1969. In southwestern 

Virginia. t-bst of the hosts came from MDntgomery County, some being 

taken also from Giles and craig counties. Of that total, 167 were exam-

Ined for coccidia and Intestinal flagellates; 84 were examined for blood 

parasites; 175 were examined for helminths and 106 for ectoparasitlc 

arthropods. 

The incidence of coccidiosis was 91% In which five species were 

described and Identified with the lenus, Ilmerla. The sporosoan, 

Hepatozoon sr' •• i.e1ur1 Clark. 1958, occurred In the blood as evidenced 

by a 58% Incidence In stained blood smears and 79l In blood concen-

tretea. Excysted gametes of tht. species were kept in vitro for four 

days without any apparent union or multiplication. the cysts of the 

flagellate, Glardl. sp., are reported for the first time In this host 

and occurred In 5~ of those examined. Gray squirrels, hamsters, white 

mice and a chipmunk were successfully Infected with cysts obtained from 

a naturally infected squirrel. la vitro cultivation of the trophozoltes 

was partially successful. CUltures were maintained up to 21 days. 

In examinations for helminths, 3l of the hosts harbored adult eea-

tades of which two species ,,~~re Identified and 62% harbored nematodes 

of which 12 species were Identified. From habitats designated "to~ 

woodlot, forest fringes and remote forest," the highest Incidence of 



neaatode infestation occurred In the forest fringes sample. Nematodes 

were gmterally more prevalont among male squirrels than f~~al~s. 

the a Vel." age high incidence occurred during the spring. :Numbers of worms 

per infection wero generally higher in summer. the most con~n species 

were CIt!l!l,"", blfurSit:}!Di Hell. 1916. (45%), StroMylgidas robu§tus 

Chandle1-, 1942, (28%), and gObml!lla w11f2Di Lucker, 1943, (14%). 

The arthropod survey indioated 97% of the hosts Wfll"O infested. 

Four species of lIce, tiro flles, one .flea, one tick and six mites were 

reooverod. the greatest percentages of hosts infestod, based on indi

vidual parasite species, were generally those collected during vinter. 

The most common arthropods were H!ehaematoplnus scturl Janoke, 1932, 

(81~). Qrchope4! hOIEd'l (Baker, 1895), (.74%) and Enderlt~lnel1u, lonal

S!Wi. Kellogg and Ferris, 1915, (61%). Tventy-four adult'1qttirrals (12 

male. 12 f~~ale) were ex~lned for total ectoparasites using a hair dis

solving technique. Also the surface areas of those squirrels were cal

culated by body regions so that parasite densSties could oe determined. 

the results showed the highest densities generally occurred on tho back, 

followed by legs, underparts, bead and tail. Parasitq d~,sltles were 

generally greater on males. the preferences by the various species for 

certain body regions were d.termlned from density data. A number of 

incidental arthropods were also encountered ill these studies. M;)dlfled 

nest-funnels were constructed and placed in campus woodlots and monitor

ed for n year. A list of the arthropod species oCC'.Jrring in these nests 

is givell. 

Several new host records, a n.umber of distributional records and 

one new species vere evidenced in this study. 




