
I I I. ARTHROPODS 

The final �s�~�c�t�l�o�n� 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 �l�a�r�~�e�r� 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 �~�1�a�l�l�o�p�h�a�g�a� 

No species of biting lice were reported on gray squirrels until 

�~�r�u�e�l�i�a� 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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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 
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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 
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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. 
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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. 



-196 .. 

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 

WINTER 
1St:' 

al Number examined 

SPRING 

5 

SUMMER 
39 

FALL 

47 



-200 .. 

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 



-217-

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. 



-230-

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 



-247-

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. 
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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. 




