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INTRODUCTION
As early as 1782 Goeze and Werner noted parasites

for the mouse, Mus musculug Linne, and since that time

a large number of authors have noted and described bhoth
ecto ~ and endo - parasites harbored by the mouse, so
that quite 2 formidable array is charged up against the
gregarious little animal., However, in the large majority
of cases, the descriptions of all the parasites, in so
far as I heve h=d occasion to examine, were very brief
and inaccurate, In many instances, the descriptions were
so meagre, that, had the parasite heen placed before one,
one would not have been able to recognize it fromvthe
description. All of the descriptions examined were in-
complete in the details of the organology and in but one
case, that of Marchi (1871), was the description of the
histological structure and development undertaken.

Also, but few of the authors made drawings of the par-
asites described and thus made 1t all the more difficult

to mscertoin a definite comprehension of the parasites

which they descrihed, Thus, while gquite » lsrge wumber

Hh

of »narasites have heen descrihed, the eniire field needs
to he carefully worked over, more detailed drawings need
to be made, 2nd a more complete and accurate description

of each species of parasite «nhouvld he given, As far es
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can be ascertained but little work has been done on the
parasitic fauna of Mus_musculus in the United States, and
none whatsoever has been done on the nematode fauna of
musculusg in the civinity of Lincoln, Nebraska., This
article will include the data obtained from the investi-

gation of the nematode fauna of Mus musculus in vicinity

of Lincoln; = detailed morphological descriptbn of the

nematode, fcuaris muris Gmelin 1790, together with a

discussion of its taxonomic position; the organology of

Oxyuris obvelata Rudolphi 1819 - of Oxyuris tetraptera

Mitzsch 1821, and of Acuaria submucosa, new species;

and a list of all nematodes reported to date for Mus

musculus,

TECHUIQUE

The mice examined were all personally collected
in ‘various parts of the city of Lincoln. The common
"out-o0f-sight" mouse traﬁ was found to be the hest for
procuring the mice, despite the fact that the mice thus
caught were not examined in ~ perfectly fresh state,
though in nearly every case the mice were examined within
twenty-four hours after heing killed. A trap made after
the fashion of the Marty trap, so successfully used in

catching rats alive, was 2lso used, but =ith very poor
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success, a2s only six out of a total of one hundred-five
mice were thus caught. The mice were nl] caught between
the months of September and June in 1908, 190¢;, and 1910,

In examining the mice, the abdomen and thorax were
carefully cut open, and the edges were then firmly pinned
baék in a dissecting pan to completely display the vis-
cera, The following routine was followed in examining
the viscera; bladder, rectum and caecum, intestines, =t
stomach and esophsgus, Jiver, abdominal cavity, kidneys,
heart, lungs, thoracic cavity, muscles of the diaphragm
and thigh., T7Tlood examinations were made in a number of
cases, both with stoined and unstained specimens, but
no flagellates or other hlood psrasites were found,
Also, in the majority of the cases, the intestinal con-
tents were carefully examined for protozoan parasites,
but none were found., This of course doeg not necesgarily
mean that either intestinal protozoa or blood parasites
are entirely absent in the mice of this viecinity, but
it doeg lead one to the conclusion that they are infre-
quent.

The thick »~nd impermeable cuticula of the nematode
renders the technique of etsining, sectioning and movnt-
ing especially difficult and rather uvnsatisfactory.

NMumerous technigque methods were experimented with bhut



only those found to be of value, together with a few
of the best recommended with which satisfactory results
were not obtsined, will be mentloned in this paper.

The best killing and fixing agents were found to
be lacto-phenol, alcoholie glyerin and 3% formol. For
toto mounts lacto-phenol used steaming hot, not hoilinrg,
proved very efficient as it killed the worms gquickly
with but a very slight amount of shrinkage or distortion,
and in addition cleared the vorms very nicely so that
the internal structure and relstionships could be very
easily differentiated. Alcoholic glycerin composed of
10 ce glycerin in 90 cc of 70% alcohol was found to be
an excellent killing and fixing fluid if used at just
the boiling point, killing and fixing the worms fairly
straisht nnd without much shrinkage or distortion. The
solution however did not clear the worms without allow-
ing the alcohol to slowly evaporate, when the worms
cleared up and were as good for study in toto as those
killed in lacto-phenol. 3% formol used either hot or
c0ld killed ~nd fixed the worms foirly well, =o thet
they were very satisfactory for study in sections, hut
the worms killed and fixed in it could not be satisfacto-
rily cleared with either lacto-phenol or alcoholic

glycerin to make toto mounts.



In making toto mounts the worms were almost invar-
iably cleared in lacto-phenol, though fairly good toto
mounts were obtained by clearing in evaporated alcoholic
glyvcerin, then placing in pure glycerin. The worms were
mounted in Fol's glycerin jelly and after this set firmly
they were seeled with asphaltum, As the relationship of
the various structures, ond in large measure the cell
structure could be made out easily in the unstained speci-
mens, few attempts were made to obtain stained toto mounts

For histological sections the hest results were
obtained with ordinary paraffine embedding, vsing from
52° to B5° C¢. paraffine. Tairly perfect serial sections
were thus obtained with practically normal histological
arrangement, the sections bheing cut from .01l to .025 mm
thick. The cuticula was in many cases however a very
serious handicap, especislly in cese the worm wa<« sllowed
to remain in xylol, cedar o0il or o0il of Bergamot for
longer than one to two hours vhen the cuticula became
very tough and almost imvossihle of sectioning. Sec-
tions obtained from celloidin embedding were excellent
for histological study, but it was impracticable to
obtain serial sections from this method.

Bevera) methods for softeaing the cuticula were

tried, but because ol the small size of the worms and



the thickness of the cuticula, they were not altogether
satisfactory, as the normal histology was greatly dis-
torted. The best results were obtained by allowing the
worms to macerate in cold solutions of eau de Labarraque
(Lee, 1905: 309) diluted with 8 to 10 volumes of water
for from 30 minutes to 2 hours. This softens the cuti-
cula without very marked deleterious action upon the
softer parts and makes the cuticuls very permeable to
stains. Good results were not obtained with eau de
Javelle (Lee, 1905: 309) though the same technique was
used as above. Caustic soda, caustic potash, and nitric
acld were all used hut their action was too severe upon
the softer parts. Tor staining sections on the slide
the technique used by Goldschmidt (1903:4; 1905:43) was
found very efficient. Delafield's haemotoxyln counter-
stained with eosin brought out the genersal nuclear
structure especially well, the chromidial granules so
prominent in some specimens, and the histology of the
intestine, testis, and ovary. Heidenhain's iron haemo-
toxyln was very useful in the study of the structure of
the esophagus, circumesophageal,nerve ring, and the
individual nerve cells with their processes. Grenacher's
borax carmine counterstained with indigo carmine gave

excellent results for the histological study of the



nerve cells, intestine, and reproductive orgsasns, but,
for the histological study of other structures, the
ind%éo‘éérmine was too diffuse to be of value. The
method followed with this stain was to stain in toto
with the borex-carmine, then dehydrate, clear, embed
and section, and then counterstain the sections mounted
on “the slide with a .5% solution of aqueous indigo car-
mine in 937 alcohol from 2 to 5 minuted. Borax-carmine
alone gave gzood resultw, when used in stainine in toto
for sectioning, or when used to stain sections, and was
very useful in the study of the development of the ova
in the uteri, Nayer's hacmalum counterstained with eosin
gave results very similar to those of Delafield's haemo-
toxyln counterstsined with eosin.

The nematodes were very erratic in taking the
stain in toto, some taking the stain wilh great avidity
requiring only an hour or so to stain verv densely while
others would not take the stain for days., Rorax-carmine
proved to be the most penetrating stain, for it often
staired worms th-t the other strins could not penetrate.
Tor study in toto the sisined worms were Tar inferior to
the unstained as they could not be cleared satisfactorily
in alcoholic glycerin or lacto-phenol, and though cleared

by 0il of cedar, or Bergamot when mounted in halssu or



gum damar they became epague and almost useless for
study. However, the worms stained in toto gave very
satisfactory results for study in sections and the
tedious time-consuming method of stainging sections on
the slide was thiis abolished. vaE

Several aottempts were made to use the Raman J
Cajal (Lee 1905:443) and the Golgi slow method (Lee 1905:
435) of impregnating nervous structures, but both proved
useless in studying the nervous structure of these nema-
t&des. The hemotoxyln acid-fuchsin and picric acid
stain employed by Goldschmidt (1903: 4) gave fair results
with the nervous tissue, but not nenrly as satisfactory
ag the iron hemotoxyln, or the borax-carmine counter-

stained with indigo carmine.

DATA

A careful record of every mouse examined was kept,
in which the date of the examination, size 2n:d sex of
th;‘mnnsg and the kinds and nunber of parasites found
with the organ or organs infected was voted. A total of
105 mice werc examined Trom various portions of Lincoln
that the various data obtained micht he representative
of the mice of this vicirity. "“he mice were examined

in all the months bhetween Septemher and June in 1908, 1

1909, and 1910. No difference was noted with regard to



the percent or degree of infection during the different
months, or years. Both young and adult mice were examin-
ed, and it was found that the young mice were much less
infected than the adults, and also that the young mice
when infected contained a fewer number of porasites than
the adults. Of the 100 mice examined 77 were males and
28 were Temales; of the 29 cases of infection 21 were
males and 8 were femaies, thus showing that the males
were infected slightly more than the females. The
following tabkle gives the number of mice examined and
the number of cases of infection from each locality,
together with the prrasite or parasites found and the

organ or organs infected.
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From the above table it will be noted that 31%

& of @useulus were infedted with some sort of an endo-
L\‘ parasite. Of those infected 82% were infected with
nematoda; 20% were infected with the larval form of

Toenina cresgicolsa, (Cysticercus fasciolaris; 37 were

infected with cestoda, the only species found being

Taenia pussilla Coeze 1782; and 3% were infected with

the larvae of some species of Dipters. It will also

be noted that 86% of all psrasites were found somewhere

in the digestive tract. Of the total number of infections
there were but three cases of dounle infection, that is,
infection with more than one species whether nematode

or other endo-parasite. Two of these coses of double

infection were with Cysticercus fasciolaris, 2 in the

first case and one in the second, there also heing 2
nematodes in the firat cese oand 24 in the second. The
third case of double infection was in the case of &
mouse examined within 12 hours safter being killedﬂ Upon
opening the abhdomen 9 larvae were found wrndering over
the diaphragm, liver and stomach; in this case there
were also found 4 nematodes. The larvae found in the
case just mentioned were larvae of some species of
Diptera and must h=ve been contwined in the stomach of

the mouse at the time of kilding, later boring ite wey
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thry the etomach wall into the abdominal cavity. The

cyets containing the Cysticereus fasciolaris were &ll at

the surface of the liver, varying from 1 mm. to 15 mm.
in diameter; 8 O@ysticerci were obtained from the six
cases of infection. The following teble gives the 24
cages of nematode infection with the species; the number
of specimens in esch cese, together with the number of
meles sand females; the organ infected in each case; and

the total number of each species of nematode obtasined.
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With the exception of Acvaria submucosa, new

species, which is found embedded in the submucosa of the
stomsch wall, the nematodes were all found lying free in
the lumen of the digestive tract in the midst of the

food contents, On examining the above table it will he
noticed that the degree of infection varies greatly, even
in a sirgle species, Also it will be noted that the
female parasites are much more numerous than the male

parasites, with the exception of Acuaria submucosa, where

the males outnumber the females.

No attempt was mrde to keep a record of the ecto-
parasitesg, because ir most cases the mice had been dead
lJong enough before examination to give ample opportunity
for their escape, thus meking the record very inaccurate,
if rot ahsolutely worthless., Such a record wouvld, of
course, be of importance, if blood flagellates were found
and it wes desired to work out their life cycle, a= hsas
been so completely done for the blood flagellate, Trynono-

asome. Lewisi, of the rat . Ilowever, in such a case it

would be necessary to use different methods in procuring

the mice and then on accurate record would be possible.
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ACUARIA MURIS GMELIN 1790
E

1782: Ascaris teretes Goeze, 1782s, 76 - partim.

1782: Lumbricus muris domestici minoris 1782a, 10, pl.
8, figs. 1~ 7-

1790: Ascaris muris (Werner, 1782) Gmelin 1790a, 3032,

1791: Ascaris obtusa (Werner, 1782) Froelich, 179la, 88 -
93, pl. 3, figs. 16-17; Rudolphi, 1809a, 1566,
170-172; Olfers, 1816a, 64,

1803: TFusaria muris (Werner, 1782) Zeder, 1803a, 106.

1819: Spiroptera obtusa (Froelich, 1791) Rudolphi, 1819a,
27, 249-250: Bremser, 1824a, 126; 1824c, pl. 2,
fig. 19-24: Nordmann, 1840a, 661; Dujardin,
1845a, 89-90: Diesing, 185la, 214-2156: Baird,
1853a, 9: (Giebel, 1887a, 268: Molin, 1860b, 934,
gchlotthauber, 1860a, 125: Cobbold, 1861la,
12): Eberth, 18632, 64: Beneden, 1866a, 209:
Leuckart, 1867h, 113, fig. 85-87; 1868a,366:
Marchi, 1871a, 1-30, pl. 1-2, fig. 1-29: Leuck-
art, 1876a, 514, 614; 1¥87%s, 102: Cobbold, 1879Db,
316: deBonis, 1882a, 121; Leucksrt, 18864, 76:
Jackson, 1886a, 685: De V'itz, 1892b, 143: Anacker,

w 18931, 345: Shipley 1896a, 161:. vonlLinstow,

1904f, 6.

1866: Tilaria obtusa (Rudolphi, 1819) Schneider, 1866a,
79, 80, 82, 83, 84, 93, 97, 204, 216, 217, 234,
235, 253; pl. 5, fig. 4; pl. 22, fig. 11:
Luhling, 1898b, B51.

1897: TPFilaris muris (Werner, 1782) Stossich, 1&97v, 52.

In reading the litersture concerring thia species
of nematode, I was much vexed at the very meagre descrip-
tions, and the disagreement of the various authors as to
the nroper taxonomy of the species, o5 wel) =8 the chaotic
condition of nematode texonomy in general, In numerous
cegses I would have been uneble to recognize this species
from the descriptions piven except for the length, spir-
ally coiled 1ail of the mele, #nd the habitst. This led

to the careful exsmiratior, =a= far as possible, of the
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original descriptions and taxonomy, so that the true
taxonomic position of this species could be, if possible,
defiritely and accurately determined.

Goeze (1782a: 76) mentioned this species, includ-
ing it with a large number of species of intestinal nem-

atodes vunder the head of Ascaris teretes, He gave no

description of the worm but mentions its hsving bheen
discovered in the stomach of » male mouse =2nd in the
intestine of a field mouse. However, it is doubtful
if the species found in the intestire of the field

mouse 1s the same as that found in the stomach of the

v
commonheuse mouse, Mus musculus.

LT
U

Werner (178R2a* 10) wee the first to describe

RN

\
the specles placing it in the genus Lumbricus and des-

ignating it by the polynomial name Lumbricus muris

domestici minoris., His description was very meagre and

crude, end sccording to Froelich (17912, 92) he described
the female worm as the male.

Gmelin (1790a, 3032) gave & very brief and inac- m
curate description of the ssme cpecies described by

Werner and changed the name from the polynomial Lumbricus

muris domestici minoris Werncr 1782 to Apcaris muris

Gmelin 1790.

Twmanldtath 17O~ 08O OZ)  cemmra e s T e moee — e a2
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description, though his description was superficial and
full of errors. Trom the drawings +hich he made of the
male worm no definite conclusions could he drawn because
of their small size and lack of detail. Judging from
the horny obtuse tail and the two spicules of the male
(YDag Nammchen mit einen hornformigen stumpfen schwanz-
spitze; vor dieser eine wulstige Oeffnung, aus der meist
zween Stacheln hervorstehen.") and the broad,,obtuse
tail of the female ("das Weibschen am Hinterende sehr
stumpf, breitlicht"), the species would seem to be iden-

tical with the species later described as Spiroptera

obtusa Rudolphi 1819, However, Froelich described the
head as having hut three paspillae ("der Kopf stumpf,
knorpelartig, mit drey sehr deutlichen Warchen besetzt")
and mentioned no lips. This would lead one to the con-
clusion that he had simp1¥ ﬁade a lateral study of the
head when scarcely more fiZN three lips would he visibhle.
He failed to mention the papillae present at the base

of t@e lips, the position of the vulva in the female,
and the presence of alae and papillae on the tail) of
the male, He changed the species to the genus Ascaris
and from the polynomial name of Werner's to Ascaris
obtusa Froelich 1791.

Zeder (18032, 106) very briefly described the
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species and renamed it Fusaria muris (Lumbricus muris

domestici minoris Werner 1782a), no additions being made

to the structure as given by Froelich.
Rudolphi (1809a, 170-172) descrited the species
much more completely and accurately than the preceding

avthors and retsined the name Ascaris obtusa Froelich

1791. However, (1819a, 249-250) on closer study of

the species he discovered that there were esix instead of
three papillae ("Caput vere sexpapillare, vt olim retuli,
quo certior fierem, enticam partem abscidi, et quas
verme integro jam numeraveram singulas vidi papillas"),
as designated by Froelich, that the mouth was round (Os
orbiculare”) instead of irident as in the Agcarides, and
that the tail of the male hore olae ("alae tennes, sed
ipsa caudae pars, quam inclidunt, concava est.") BRe-
cavse of these differences from the Ascarides he placed

the species 1in his new genus Spiroptera and accordingly

changed the specific name to Spiroptera ohtusgs Werner

1782, In his Jeter and more complete description he

did not mention the cresence of papillae =2t the base

of the lips or on the tail, or the positior of the vulve
in the female., He gave the shanpe of the egps pa ellinti-
cel ("Ova elliptica, parva"), but gave vo dimensicns.

The length of the worms he gave as varying from 6 to 20
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lines, but did not give the length of the male and female
geparately.

Dujardin (184ba: 89-90) gave a much more accurate
and detailed description of the species than had previous-
ly been given, though the moateriel for study at his com-
mand was very meagre ("J'ai pu etudier deux exemplaires
de cet helminthe envoye par le Tuseum de Vienne a celui
de Paris.") He described the mouth ns being surrounded
by eix lobes, ("bouche orbiculaire, entouree de =ix
lobes") but did not e¢ive the arrungement or shape of
the lobes in deteil. In his description was the first
mention of the transverse striations of the cuticu]a
("tegument marque de stries transverses, pen distinctes,
ecartees de 0, mm 0046« -uea- .), which is a very constant
feature of this species. “he tail of Llhe male wes des-
cribed more accurately, especially the cuticular alae
("munie de deux ailes membraneuses, soutennes chacune
par trois on quatre petit cotes et recourbes en dessous™),
though the tree or four ecupporting ribs he gspeaks of
in connection with the alae have 10t been described hy
other suthors, and ceytainly are not present in the
specimens which I have examined;-in all probability what
he took to he supporting ribs were the anal papillae,

for he does not mention them in his descriptiow, The

e
..



20

spicules, which had not formerly been messured, were
given ag 1,05 mm. long by .026 mm. broad at the base,
for the larger spicule, 2nd as .86 mm. long by .023 mm.
broad at the hase for the smaller gpicule. The situa-
tion of the vulva in the female was first noted in this
description ("Vulve situee aux trois huiticmes environ
de la longueur, o 3 mm. de la bouch, et a 22 mm. 2 de
lextremite caudrle;"). The length of the eggs was given
ags from .046 mm. to .048 mm. The species was placed in

the genus Spiroptera Rudolphi, 1819, under the specific

name Spiroptera obluga Rudolphi 1819.

Diesing (185la; 214-215) again described the
species briefly adding nothing further, but later (1861)

he placed the genus Spiroptera under his family Spiruridae.

Molin (1859a: 934) descrihed the species »nd was
the first to note the six anal papillae ("alis conspicuis
usque ad apicem caudalem extensis, singula papillis 6
fungiformibus exornata®) but evidently he did not note
that they were paired; he =mlso failed to note the single
papilla on the anterior lip of the anus, and failed to
state the situation of the papilllae with regard to the
anug.

Schneider (1866a, 97) was the first to call the

"papillae" of the head lips ("Kopf mit sechs Lippen

——mr
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besetzt") and he gave an accurate description (80, 97) of
the lips, together with am end view of the head (Fig. V,
fig. 4) showing the lips in position and in relation to
the four papillae ("Hunter den Lippen 4 Papillen"), which
he is the first to note, at the base of the lips. He
also was the first to note the inequality of the two
cuticular alae on the tail, as well as the rough, cellu-
lar appearance of their veniral surface ("Breite DBursa
mit ungleich entwilckelten Randern. Die innere Flache

der Bursa mit Langsreihen erhabner viereckiger Feld-

chen hesetzt!) The six pair of anal papillae were

also accurately placed ("und 2 stehen hinter dem Aster,

1 etwas wmehr nach aussen. 3-6 stehen auf der langern
Seite der Bursa, in grossern abstanden,'), and the single
papilla on the anterior lip of the anus noted ("am vordern
Asterraude eine unpaare Papille.”) The proportion of

the lengths of the spicular was <iven ~s 3 to 4, and the
position of the vulva iu the female was placed st 16 mm.
from the anterior end. As Schneider did nol consider

the zenus Spiroptera Pudolphi 1819 sufficie tly different
from the genus Pilaria 'Teuller 1787 to warrant its re-
tention, ("Die Gattung Filaria, nach der von mir auf-
gestellten Diagnose, umfasst hauptsachlich 2 Gattungen

Rudolphi, Filaria und Spiroptera. TFilaria und Spiroptern




