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I. INTRODUCTION

The Norway rat (Rattus norvegicus) has been the 
subject of many and varied studies. As carriers of such 
pathogens as plague, typhus, and leptospirosis, there 
have been surveys made of this animal in various areas 
of the world with respect to its public health impor
tance (Price, 1931; Luttermoser, 1936; Habermann, 195*0. 
Population studies, control measures, and parasitic 
surveys have been the more commonly discussed areas in 
the literature.

The Norway or brown rat is considered to be of 
Asiatic origin, to have migrated across Europe, and to 
have been introduced into the United States about 1775- 
There were records of brown rat infestations on the 
Pacific coast as early as 1855 (Lantz, 1910)-

The brown rat differs from other rats in that it 
is larger, more aggressive, and more of a burrower.
These characteristics have enabled it to displace other 
rat species in temperate climates. Female rats may 
breed from three to five times a year, with an average 
of ten embryos for each pregnancy. The areas regularly 
frequented by the Norway rat center around a burrow 
system and seldom exceed a distance of 200 feet from 
the main entrance. The extent of this home range is
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dependent on food and harborage available (Davis, 1948; 
1953; Spencer, 1950).

Food scarcity has caused innumerable migrations of 
large rat populations; perhaps the most famous of these 
being the spread of rats across Europe carrying the 
plague. This particular outbreak killed over half the 
European population and stimulated research into the 
epidemiology of the disease. In 1894 Kitasato and 
Yerskin discovered that the common rat flea served as a 
vector for the plague bacillus, Pasturella pestis 
(Stark, 1966). Further research indicated that outbreaks 
of human plague generally followed rodent epizootics 
(Eskey, 1940). The close symbiosis between rats and man 
initiated additional investigations into rat-borne 
organisms.

Norway rats were found to be frequent hosts for 
mites (Acariña)and lice (Anoplura). Both transmit the 
rickettsial organisms responsible for scrub and endemic 
typhus (Maxcy, 1926; Mooser, 1931; Herms, 1950).

With respect to their habits and habitats, it is 
not unusual that wild rats harbor a multitude of endo- 
parasites, especially protozoans, cestodes, and nema
todes. These organisms influence rat population dynamics 
and rarely constitute a severe human disease threat.
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Rat endoparasites generally promote a weakened condition 
and a loss of vitality; thus increasing susceptibility 
of the host to disease and predation. Protozoan and 
helminth parasites can contribute to anemia and hemor
rhage in the host (Wells, 1929), while intestinal spe
cies absorb valuable host nutrients. Mechanical damage 
to the host results from holdfast organs, while certain 
larvae in their migratory cycles perforate various 
tissues, organs and blood vessels. Any toxic chemicals 
secreted or excreted by parasites will place added 
stress on the host. The brown rat is an accidental 
host for many parasites, especially Cysticercus 
fasciolaris, the larval stage of the cat tapeworm.
This larval stage has been shown to induce hepatic 
sarcoma (Miller, 1928; Greenfield, 1942).

Analyses of parasitic infections and populations 
pose many problems. Helminths usually do not multiply 
in the body, and an increase in their numbers is the 
result of repeated reinfection (Chandler, 1932a).
With continued exposure to a particular parasite, the 
host may develop a resistance to reinfection. Age of 
the host, vitamins A, B, and D, suitable minerals, and 
proteins increase resistance to parasitism (Spindler, 
1933; Greenfield, (op. cit.); Ackert, 1942; Kartmann,
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1942) .
Helminthic life cycles involve considerable 

variation and complexity. Transmission depends upon a 
delicate balance of ecological and sociological factors 
including temperature, moisture, soil conditions, 
social organization, and the availability of suitable 
hosts (Spindler, 1929; Taylor, 1934). A parasitic 
survey must necessarily attempt a consideration of the 
above limiting factors, while maintaining a perspective 
of the interactions of these factors, rather than 
their individual actions.



II. STATEMENT OF THE PROBLEM
In March of 1970, a survey of the parasites of the 

Norway rat was initiated. This study was undertaken 
as one aspect of a larger project involving this 
animal.* The primary emphasis was to establish a 
flea index for a natural wild population (Cole, 19^7).
As a precaution, certain internal metazoan parasites 
were also collected. The flea population was apparently 
non-existent; therefore, emphasis was placed on the 
nematodes, cestode cysts, and lice collected from the 
rats .

Initially, seasonal samples of rats from a land
fill area were examined for fluctuations in numbers 
and incidence of infestation. When a pen population 
of rats was started, simulating the ecological condi
tions of a neighborhood, it became apparent that a 
significant difference existed between the free-ranging 
and the pen populations with respect to parasitic 
infection. An analysis was made to determine the 
factors involved.

* USPHS-NIH Grant EC00340 to Dr. Richard V. Andrews



III. METHODS AND MATERIALS
Trapping Sites

The major trapping site was a landfill bordering 
a small lake west of State Highway 75, approximately 
twenty-three miles north of Omaha. Garbage was 
deposited in the landfill daily, and every evening 
the fresh refuse was ignited. Several times a week 
the caretaker plowed the accumulation of garbage into 
a deep ravine (Fig. 1).

Seasonal samples of the free-ranging Norway rat 
^population at the landfill were obtained using 
Sherman live traps. In the spring of 1970, rats were 
Introduced into a Calhoun-type enclosure, which will 
be referred to subsequently as the "pens." Two pens 
were populated with about 15 rats each in the early 
spring of 1970, while the third pen was populated in 
the late summer with 27 rats. Each pen, of about 2500 
sq. feet, was constructed on level ground. These were 
rat-proofed with 10 ft. high walls of corrugated steel 
and concrete. The concrete extended eight feet down 
into the soil. The principal vegetation types in the 
pens were Verbena hastata, Abutilon theophrasti, 
Solidago spp. , and various species of indigenous
grasses. Rats were provided with harborage boxes,
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water, and Purina rat chow. Seasonal samples of pen 
rats were taken beginning in the early summer of 1970. 
Sacrificing Technique

Captured rats were returned to the laboratory, 
etherized mildly, and then given an overdose of sodium 
pentobarbitol. Liver cysts, the diaphragm., and a 
section of the duodenum were removed. After dissection 
was completed, each rat xvas placed in a separate 
plastic bag containing Arnold's sarcoptic mange treat
ment, which was designed to free the ectoparasites. 
'Each intestinal section was placed in a plastic bag 
and kept in an ice chest until examination.
Laboratory Procedures

Liver cysts were carefully slit open and the 
larval stage expelled into saline. The larva was then 
transferred to cold saline, agitated until relaxed, 
then immersed in hot F.A.A. and cut into sections.
After 24 hours, larvae were stained in Borax carmine 
and mounted on slides (Knudsen, 1966).

Sections of diaphragm, which had been stained 
with allochrome, were examined for cysts. Pieces of 
diaphragm were subjected to the digestive activity of 
pepsin in an attempt to free larvae, but this latter 
procedure w7as found to be too time consuming.



8

Intestinal sections were slit longitudinally; the 
roundworms were counted and removed; and the length of 
the section recorded, since surface area could not be 
computed accurately (Brambell, 1965). Several round- 
worms were mounted directly on slides in Turtox CMC-10 
or Hoyer's mounting media. Additional roundworms 
were kept in labelled vials containing F.A.A.

The mange treatment solution from each rat was 
filtered through Buchner funnels, and the filter 
papers were examined under a dissection scope (12x). 
Recovered organisms were cleared in NaOH, dehydrated, 
and mounted in Canada balsam. Previously, two dif
ferent techniques had been used unsuccessfully to 
recover ectoparasites. The first of these consisted 
of combing the rat's fur over a white surface and 
collecting the organisms that fell off the rat. The 
second method made use of an aspirator to recover 
ectoparasites from the rat's fur. The aspirator vial 
contained a fixative which would contain the ecto
parasite population from each individual rat. These 
latter two methods did not prove to be field-expedient 
methods, since they required the animals to be fairly 
clean and dry.
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Pat a

Sample nomenclature is explained In Table 1.
Table 2 presents the overall results of the parasite 
survey; raw data are not Included. Statistical 
analyses of the two populations are considered In 
Tables 3 and 4. Table 5 and Graphs 1 and 2 show seasonal 
flux. Pen data Is not available for the spring trapping 
period. No organisms were recovered during the late 
summer and late winter dump sampling periods recorded 
on Graph 1.

Samples were compared for seasonal variation 
and for numbers of roundworms per cm. of Intestine 
using Students’ t-Test. The purpose of this test was 
to determine whether samples differed significantly 
from each other, or whether the difference was due 
to random sampling error alone. The 5% level was 
regarded as significant.

Chi-square analysis was used to detect significant 
deviation of observed from expected values for each 
population.
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SAMPLE ABBREVIATION TRAPPING PERIOD

Spring 1970 Sp . 14 Apr.-4 Jun.
Summer S. 1 Jul.-10 Aug.
Late Summer L.S. 13 Aug .-1 Oct.

Fall F. 29 Oct.-23 Nov.

Early Winter 1971 E.W. 15 Jan.-28 Jan.
Late Winter L.W. 15 Feb .-20 Mar.

Table 1. Sample Nomenclature and Trapping Periods











IV. RESULTS AND DISCUSSION
The predominant organisms obtained from 276 

necropsies were nematodes, cestodes, and lice. 
Identification of these parasites to the species 
level was made where possible. The results were 
analyzed statistically to determine seasonal and 
habitat influences on the parasite population.

Identification of the nematodes was based on the 
works of Chitwood (1950), Yorke and Maplestone (1962), 
and Levine (1968). Lice and mites were classified 
using Publication no. 1955 of the U.S. Public 
Health Service (1969). Cestode information is based 
on V/ardle and McLeod (1952).

No fleas were found on 276 rats, and only a small 
number of mites (39) were recovered. All the mites 
were species of the family Laelaptidae.

The majority of the 170 lice recovered were 
members of the genus Polyplax, with a few representa
tives of the genus Hoplopleura (Table 2). Those 
organisms sufficiently cleared to be identified to 
the species level were found to be Polyplax spinulosa, 
the common rat louse.

The louse is an obligate parasite with a dorso- 
ventrally flattened body, possessing stout legs
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Parasite
(N)

No. Recovered No. of Rats
infected

% of Rats 
Infected

Trichlnella
spiralis (276) --  20 7.24

Intestinal
nematodes
1. Pens (64) 5980
2. Dump (207) IO67

61 95.31
114 55.07

Cysticercus 
fasciolaris

1276) 44 15.94

Lice
1. Pens (64) 137
2. Dump (212) 33

40 62.50
13 6.13

Table 2 . General Survey Results
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equipped with claws. The adult ranges from 1 to 2 
mm. in length and usually has a red abdomen distended 
with host’s blood. The female deposits eggs or nits 
which are attached to rat hairs. These hatch in 
10-15 days into nymphs, closely resembling the adult. 
Nymphs feed on the host's blood and mature in about 
two weeks.

No adult cestodes were recovered in any of the 
276 rats. However, Cysticercus fasciolaris, the larval 
stage of Taenia crassicolis, was observed in the 
livers of 44 rats (Fig. 2). It appears as an ivory 
white cyst approximately 1 cm. in diameter, containing 
the segmented, strobilicercus larval stage suspended 
in fluid. When an infected liver is eaten by cats, 
the larvae mature to adult tapeworms in the small 
intestine. Ova are eliminated with the feces of the 
host and are infective for rats. Onchospheres are 
liberated from their shells in the rat intestine, 
pass through the gut wall, and are transported to the 
liver by the bloodstream.

The larvae are of interest because malignant 
and benign connective tissue tumors may develop from 
the cysts after about 12-15 months (Griffith, 1942). 
Bullock (1924) indicates that the origin of Cysticercus
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tumors appears to be confined to the cyst wall where 
it is attached to the liver.

No seasonal or habitat statistics were accumulated 
on the Cysticercus data.

Trichinosis was apparent in the diaphragms of 
20 rats (Table 2). Adult worms are present in the 
small intestine where they mate and the females 
deposit some 1350-1500 larvae in the mucosa. These 
larvae invade the blood stream and then encyst in 
striated muscle. Here they become infective after a 
few weeks and may remain viable for a period of thirty 
years. The life cycle is continued when infected 
muscle is eaten by a suitable host. Action of the 
digestive juices free the larvae for maturation.
Thus the permanent reservoir host must be an animal 
with cannabalistic tendencies.

The twenty cases recorded probably represent most 
of the rats with moderate to heavy infections, since 
the method employed was not the most quantitative.
Only a small section of the diaphragm was examined, 
which necessarily assumed that the infection was 
characterized by both uniform size and distribution. 
Examination of the diaphragm alone neglected other 
striated muscles such as the intercostals, lingual,
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larynx, pectoral, deltoid, and gastrocnemius.
Encysted Trichinella spiralis larvae have also been 
recorded in most of the body organs.

Nematology provides a difficult challenge due to 
the diversity of organisms, life cycles, and develop
mental stages. One frequently observed intestinal 
nematode was positively identified as Nippostrongylus 
braziliense (Travassos, 191*0. Haley (1961) 
indicates that N. braziliense is synonomus with 
N. muris (Yokagowa, 1920).

N. braziliense is a small (2-6 mm.) worm found 
in the duodenum. This cosmopolitan nematode occurs 
only in rodents, and generally is associated with other 
species members in a reddish clump situated in the 
mucosa. The cephalic cuticle is inflated, and the 
cuticula is transversely striated. The male bursa 
is large and markedly assymetrical. Spicules are 
equal, long, and have a fused sickle-shaped extremity.

N. braziliense eggs are passed in the feces and 
hatch in the soil in one day under favorable conditions. 
The hatched larvae undergo one molt outside the host, 
after which infective filariform larvae are able to 
penetrate the skin of a host. The transition between 
second and third stage larvae (1st. parasitic stage)
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occurs at the moment of penetration into the host.
The larvae are first found in the lungs of the host 
after about 1*J to 20 hours. They remain here for 
30-50 hours when they become coiled and undergo a sec
ond molt. After the old cuticula is cast off, the 
fourth larval stage (second parasitic stage) is 
characterized by intense activity and migration 
toward the intestine of the host. The third ecdysis 
usually begins from 90 to 108 hours after infection, 
and the reproductive organs become fully formed. 
Shortly after the completion of this third molt, the 
larvae are referred to as adults (third parasitic 
stage).

Yokagowa (1922) and Africa (1931a) have deter
mined that N. braziliense infection through the skin 
is much more efficient than by the oral route.
Africa also indicates that this organism is decidedly 
pathogenic when present in sufficient numbers in 
laboratory rats. Larval migration causes tissue 
perforation with subsequent sites for secondary 
infections. Adults migrate through the villi causing 
tissue destruction as well as feeding on mucosal 
nutrients (Porter, 1935). Laboratory rats maintain 
the infection in the absence of reinfection for only
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2-4 weeks, in contrast to several months for wild rats.
The parasites previously mentioned are not 

uncommon In rat surveys. Luttermoser (op. cit.) , 
Habermann (op_. cit.), Price (op . cit. ), and Forbes 
(1942), along with many other researchers, have 
generally recorded the same organisms. The focus of 
the present study was not only to survey the 
organisms, but to analyze differences in the numbers 
of parasites between two contrasting ecological and 
sociological areas, since both groups of rats were 
from the same original stock and location (Table 3).

Analysis of the data using the chi-square test 
revealed a significant difference between louse 
infestations in pen rats and dump rats (Table 4).
Both the dump and the pen rats exhibited the highest 
infestation percentage in the early winter trapping 
period (Graph 1). Rumreich (1945) and Cole (op. cit.) 
found no positive correlation between temperature 
and P. splnulosa population numbers. In addition 
Rumreich reports that infestation percentage peaks 
occured in June and November; Cole indicated February 
through April. Ectoparasite populations cannot 
respond instantaneously to altered environmental 
conditions, but reflect a change as the result of
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Season 

Spring 

Summer 

L.Summer 

Fall

E.Winter 

L.Winter

Table 3-

Dump MeanlS.E. Pen MeanlS.E. Probability

0.386610.2293 — —

0.908710.5728 16.732514.6392 .001<p <.01

0.586610.2731 1 7 .103613 .1237 p< . 001

0.703710.1449 9.065512.3343 p<.001

0.668110.2613 2.993710.8309 .01< p<.02

0.223610.0911 4.311712.0049 .02<p<.05

Number of Roundworms per cm. of Intestinal 
Length



23

INTESTINAL NEMATODES:
Present Absent

Dump 114 93 = 32.8672
rats

Pen 61 3 p<.001
rats

INTESTINAL NEMATODES:
Present Absent

c? Rats 78 47 = 0.0446
¥ Rats 94 52 p>.005

LICE
Present Absent

Dump 13 199 = 97.0715rats
Pen 40 24 p <.001
rats

Table 4. Chi-square Analysis



of
 R

at
s 

In
fe
st
ed

24

Graph 1. Seasonal Louse Infestation Percentages



25

changing factors during a prior period of time.
Thus the early winter sample tends to be indicative 
of changes occuring during December. The burrow 
temperature must have been conducive for the 
maintenance of adults and possibly for the hatching 
of eggs. Since several generations and life cycles 
can be completed on the same animal, louse transmission 
results mainly from social contact. Winter huddling 
as described by Calhoun (1962) probably provides the 
necessary temperature for hatching and the contact 
for transmission.

The more stabilized social and ecological 
situation of the pen rats may account for the higher 
ectoparasite numbers and the higher infestation 
percentage of these rats. Pen burrow and trail 
organization is altered by natural elements only, 
whereas the dump ecology is continually altered by 
man and machine. Rats presumbably would have a 
greater chance for social contact in a defined system 
of trails and holes with a central feeding area, 
enhancing the ectoparasite transmission potential 
(Fig. 3). In the event that a louse should become 
detached from its host, the possibility for reunion 
tends to be higher in the pen.



An additional factor that might be of some 
importance is the condition of the rat's fur. Pen 
rats generally kept their coats clean in contrast to 
the dirt and fine ash covering the dump rats. Dump 
rats with singed fur were observed frequently.

It could not be definitely established that 
the pen rats acquired T. spiralis while in the pen. 
Since no infected meat was deliberately introduced 
into the pen, the only way for this nematode to 
persist would be through cannabalism. Calhoun 
(op. cit.) states that as population density increase 
the frequency of cannabalism also increases. This 
hypothesis could be verified through necropsies of 
young pen rats for T. spiralis.

No mixed infections of intestinal nematodes 
were positively confirmed. The nematodes apparently 
displayed no host sex preferences. Some questions 
remain as to whether one commonly observed nematode 
is the second parasitic stage (85-100 hours) of 
N. braziliense or another trichostrongylid species.

Host diet did not appear to play a major role 
in the acquisition or retention of intestinal 
nematodes. A well-balanced diet will generally 
effect a higher natural resistance to helminthic
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infections, while deficiencies in vitamin A, iron, 
etc. will lower resistance (Ackert, op. cit. ;
Porter , ojo. cit. ; Chandler, op. cit.). The same 
principle holds true for T. spiralis and ectoparasites 
(McCoy, 193*0 Searls, 1939; Kartmann, 19*12; 19**9).
The important point is that the pen populations were 
supplied with a balanced diet of Purina Rat Chow 
with vitamin supplements, while the dump rats ate 
what they could find, mainly coarse fruit and 
vegetables. One might expect the pen rats to show 
a higher resistance to infection, yet the pen rats 
had significantly higher infections and numbers of 
nematodes.

Brief mention should be made of age resistance 
to N. braziliense, although it is not of direct 
concern in this study. Older rats appear to be more 
resistant to nematode infections. The number of 
reinfections, intervals between exposures, 
intensity of infection, and mucosal conditions are 
important variables. Africa (1931b), Chandler (1932b), 
and Graham (193*0 provide a literature review of 
this topic.

The distinguishing limiting factor between the 
pens and the dump appears to be the opportunity of
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the larvae to complete the life cycle. Nematode eggs 
and larvae are only part of a complex ecological 
soil community that includes over fifty species of 
predacious fungi alone that kill tiny nematodes. 
Development and survival thereafter are both important; 
and factors which favor one might not be optimum for 
the other.

Laboratory studies reveal that larvae have a limi
ted locomotory capacity. The relationship between 
moisture conditions and migratory capacity of the 
larvae is possibly so delicate that a slight deviation 
from the optimum is enough to arrest progress.
Travel is possible in moist soil provided that the 
moisture is uniform and the temperature is favorable. 
These conditions are more likely to be found in rat 
burrows. Larvae prefer dark places and have demon
strated the ability to cross at least two inch water 
barriers. Under optimum laboratory conditions, larvae 
can effect a vertical soil migration of at least 
eight inches and a lateral migration of four inches.

Larvae remain in the immediate area of the 
feces for the first few days after hatching. By the 
fifth day the larvae clump together on prominent 
points such as soil lumps or tiny plant shoots,
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where they are exposed to air. Very rarely will 
they be found in a depression. The larvae remain 
with their old, slit cuticular sheath for up to a 
month until stimulated to activity by some nearby 
mechanical disturbance. Remigration is not possible. 
Twenty-four hour exposure to temperatures lower than 
45°F will halt egg development and kill any larvae.

A tentative hypothesis to account for differences 
between pen and dump nematode infections appears to 
center on larval migratory capacity. Since the 
dump soil is a composite of ash, decomposing refuse, 
and coarse dirt, little soil moisture is available, 
except after rains. Daily garbage incineration 
depletes moisture and soil quality even further.
This ecological circumstance seems to vary considerably 
from hatching and migratory optimums. The fact that 
larvae require several days to attain a prominent 
pooition diminishes survival potential, especially 
in locations subject to bulldozer activity. The 
principal source of infective larvae is likely to 
be found in the deeper burrows and passages closer 
to the center of the landfill where minimum disruption 
occurs. Infections thus would be limited to rats 
which regularly frequent this area. It is probable



that very few larvae would reach the Infective stag 
on the dump periphery. A large percentage of fecal 
material undoubtedly is lost under the rubble, thus 
prohibiting hatching (Pig. 4).

Apparently the pen habitat is more favorable. 
Soil is moistened by a high morning humidity, and 
the grass lining the edges of the trails furnishes 
shade for the larvae. Burrows and trails are well- 
developed and undisturbed by man, thus providing 
possible infective sites. Fecal material is 
plentiful, and a central feeding area enhances the 
possibility for the spread of the parasite through 
the entire population (Graph 2). Ninety-five 
percent of the pen population harbored intestinal 
nematodes. Oral transmission is more likely with a 
central feeding area. Level ground permits more 
uniform soil moisture and conditions. Seasonal 
statistics in Table 5 may tend to support this 
hypothesis. Pen rats exhibit an earlier significant 
seasonal decline (L.S.-F.) in nematodes, which may 
be indicative of the surface location of these 
organisms. Dump nematodes appear to decline later 
over an extended period from fall to late winter, 
possibly suggesting a deep burrow location of the
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SEASON PROBABILITY
Dump Pen

Spring-Summer • 4<p<.5 —

Spring-L. Summer •5<p<.6 —

Spring-Fall • 2<p<.3 —

Spring-E. Winter . 4<p< .5 —

Spring-L. Winter . 5<p<.6 —

Summer-L. Summer . 5<p<.6 . 9< p
Summer-Fall -7<p<.8 . 1< p <.,2
Summer-E. Winter .7< p < . 8 . 001< p < .01
Summer-L. Winter .2<p< .3 . 02< p< .05
L. Summer-Fall . 7< p< . 8 . 02<p< .05
L. Summer-E. Winter . 8<p < .9 P< •001
L. Summer-L. Winter • 2<p< . 3 . 001< p< .01
Fall-E. Winter • 9<p . 02<p< .05
Fall-L. Winter . 00K p< . 01 . l<p<.2
E. Winter-L. Winter . 1< p < . 2 • 5<p< .6

Table 5. Students' t-Test Results for Seasonal 
Differences in Intestinal Nematodes
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larvae. This hypothesis is not based on actual larval 
counts, but on the mean number of nematodes per cm. 
of rat intestine as an indicator of population numbers.

The limited dimensions of this study did not 
permit analysis of many limiting factors such as 
host and parasite physiology, quantitative moisture 
and temperature requirements, social interactions of 
rats, and light intensity.



V. SUMMARY
No fleas were recovered. Lice were significantly 

more numerous on pen rats than on dump rats. Both 
populations exhibited the highest incidence of louse 
infestation during the early winter sample, possibly 
due to huddling activities. Social contact would tend 
to be greater in a stable system of burrows and trails.

Twenty cases of trichinosis were recorded, which 
may represent only the moderate to heavy infections.
T. spiralis could serve as an indicator of cannabalism 
in the pen population.

While no adult cestodes were found, Cysticercus 
fasciolaris was observed frequently in rat livers.

No mixed nematode infections were confirmed, nor 
was any host sex preference demonstrated. Nippostrongy- 
lus braziliense was found frequently. Pen rats harbored 
a significantly higher number of roundworms per cm. of 
intestinal length during all trapping periods. The 
highest number of these parasites occured during the 
late summer for the pen population and during the 
summer for the dump. A significant decline in round- 
worms occured between the late summer and fall periods 
for the pen population. Roundworms from the free-ranging 
population exhibited little seasonal flux except between
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the fall and late winter samples.
A tentative hypothesis to account for the differen

ces In parasite populations appears to focus on larval 
migratory capacity. The stabilized burrows, trails, 
and central feeding area of the pen tend to be more 
favorable for larval development and survival. The 
static nature of the dump provides many obstacles for 
successful parasite transmission. The main source 
of infective larvae seems to be in the deeper burrows 
in undisturbed areas of the dump.
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