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INTRODUCTION

In February and March of 1952, many bobcats, Lynx rufus rufus
(Schreber) collected for study (1) by The Virginia Cooperative Wild-
life Research Unit were observed to be infected with a lungworm para-
site. Of sixty-four bobcats examined, all collected in Virginis and
North Carolina, twenty-five per cent were found to be infected with
these perasites.

The infections were massive and in all specimens, only one type
of lungworm was observed. Macroscopically, these nematodes were
found in the bronchlal tubes, the bronchioles end in the lung tissues.
None were found in the pulmonary blood vessels.

1. This study was made by Donald R. Progulske, graduate fellow, and
was reported (Progulske, 1952) in partial fulfillment of the require-
ments for the degree of Master of Science, Virginia Polytechnic

Institute, June 1952.



REVIE{ CF THE LITERATURE

There is perhaps no greater confusion, in the ever growing field
of parasitology, than is encountered in the taxonomy. Seemingly,
every Laxonomic parasitologist employs some different criteria for
the classification of nematodes. The roundworms, under which the para=
site of this study falls, sre in controversy even as to their position,
in the Animal Kingdom. Most textbooks consider the roundworms to be
representatives of the cless or order Nematoda of the phylum Nematlel=-
minthes while one very eminent worker would like to see them elevated
to the status of a phylum (Chitwood 1950) and snother would lower them
to an aschelminth class. (Hymsn 1951).

The nematodes of the family Metastrongylidee, the lungworms,have
recently been reclassified into subfamilies from the host~parasite
relationship, the morphology of the genera within the group and finale
1y by the appsrent evolutionary radiation. (Dougherty, 1943, 1945,
1946 a, 1946 b, 1949 a, 1949 b, 1951 a, 1951 b, 1952). His work is
by far, the most extensive, conclusive, and detailed done with the
metastrongylid worms.

The literature of the metastrongylid nemstodes records nine
species from the lungs or respirstory apparatus of the family Felidas.
These species are as follows:(1) Aelurostrongylus abstrusus (Reilliet,
1898) Cameron, 1927 from Fells catus; (2) Anafileroldse rostratus
Gerichter, 1948, from Pelis catmss (3) Bronchostronzylus subcrenstus
(Railliet and Henry, 1913) Camsron, 1931, from Fells pamhg and Felis
tigris; (4) Curlils parelvsens Woffhugel, 1933, from Felis catus and



Felis g. guipna; Metatheleziae californica Skinker, 1931, from Lynx
rufus californicus; (6) Metathelszia felis (Vogel, 1928) Dougherty,
1943, from Felis pardslis; (7) Metathelazis massino (Davtian, 1933)
Dougherty, 1943, from Felis catus; (8) Iroglostrongylus brevior
Gerichter, 1948, from Fells ocreatus; (9) Troglostrongylus iroglos-
trongylus Vevers, 1922, from Felis bengalensis.

It is of importance to note that the literature does not record

a lungworm paresite from the bobcat, Lynx rufus rufus. There is,
however, a lungworm Metsthelazis californica Skinker, 1931, from the
lynx,Lynx rufus californicus. Skinker places the genus Metathelazisa
in the family Thelaziidse. Dougherty (1952) does not agree with this
clagsification. He prefers, due to the morphology of the cephalic
region and certain evolutionary deduction, to place the genus Metathe-
dazia in the family Metastrongylidas.

The position of the genus Aelurostrongylus in the classification
is greatly confused. Cameron 1927, who named the genus, considered
1t a member of the family Protostrongylidae. Skrjebin and Yershow
(1933) placed Aelurostrongylus in the subfemily Synthecaulinse and
Bohm and Gebauwer (1934) regarded it as a member of the Metastrongylinse.
Dougherty (1943, 1946) transferred it to the subfamily Filaroidinae.
Gerichter (1948 a, 1948 b) has returned it to the family Protostrongy-
lidee. A. gbstrusus is the only species of this genus that has been
described from the Felidee.

Dougherty (1949a) places the genera Bronchostrongylus Cameron,
1931 and Iroglostrongylus Vevers, 1923 in the subfamily Skrjsbingylinae



(Skriabin, 1933). In a later peper (Dougherty, 1951) it is indicated
that he wishes to combine these two genera into one. 1In his key
(Dougherty, 1949 a) of the subfamily Skrjabingylinse, based chiefly
on male characters, the penus Irogloptrongylus end Bronchostrongylus
differ only in the lateral rays of the pattern. The one species of
Broncihostrongylus, B. gubcrenatus has been found in the lungs of both
Fells papdus and Fells ileris. Ireglostrongyius freglostrengylus, from
Pells bengalensls, and Iroglosiyongylue brevior, from Fells ocreatus,
according to Cerichter, (1949) differ in the size of the worms, the
length of the splcules and gubernaculum, and the pattern of the lateral
bursel rays.

Two genera, of the subfamily Filariodinase, Gurlitla, Woffhugel,
1933, and Anafilaroides should cause no confusion in classification
unless they gain more members. They are both represented by only one
species each, they are Gurliis paralyseng Woffhugel, 1933, and Anafil-
aroides rostratus Gerichter, 1949. Both of these genera parasitize the
lungs of Felis gatug while Gurlils alsc parasitizes Fells g._gzulgna.



THE INVESTIGATION

Objectdve ¢

Since the literature does not record the existance of a lungworm
paragite ffom the bobeat Eimx rufus rufus it is the purpose of this
thesis to show that this 1s a previcusly unknown parasite., The descrip-
tion, naming and classification of this lungworm are to be considered in

this objective,

The boboats were collacted either by shooting or by traps. All
specimens were placed in formalin until they could be studied convenien-
tly. During subsequent examination of the pressrved bobeats, all lung-
worms were removed and placed in seventy per cent alcohol, These
nematodes were dehydrated in an aleohol series to one hundred percent
and then transferred to beschwood cresote, to which had beson added a
small amount of fast green stain, After the parasites had cleared, they
were mounted on slides in permount. These whole mounts were subjected
to intensive microscopic study and all measurements were made by means
of a calibrated ocular micrometer,

Stippled drawings were drawn to scales of the anterior end of the
vworm, an gn fage view of the mouth, the posterior end of the female, and
the posterior end of the male. These drawings were all photographed.

In addition, photomierographs were taken of slides showing the extended
spicules of the male and the position of the vulva of the female. In
one instance, a female worm was dissected at the caudal end and the
reproductive organs allowed to float out in water., This was dons in
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an abtempt %o assertain the position of these organs. A dlagran of
the terminal portion of this system was drawn and photographed.

After complete familiarity with this lungworm had been aocomplished,
a comparative investigation of the literature of related lungworms was

undertaken,

The body of the parasite was found to be elongate with the outer
body covering or teguminal sheath (Gerichter, 1948) thrown into folds
at the anterior end (Fig, 1l). On examining the cephalic end from an ep
face section (Fig., 2), there was observed to be a circular opening,
displaying no teeth or papillae, A very thorough search was made under
01l immersion for these structures but none could be seen., There were,
however, four lip-like structures present. In whole mount slides, a
shallow buccal eapsule that joined the straight mscular esophagus could
be distinguished. The esophagus was short and was observed to be larger
at the anterior end than at the posterior. Measurements showed that this
structure was 300 miera long by 50 micra wide. The nerve ring was situated
175 miera from the anterior end of the esophagus (Fig. 1). Both the male
and female worms were identical at the anterior end. The esophagus was
joined, in both male and female, to the simple straight intestine. This
structure extended the length of the body and opened on the ventral
surfece, a short distance from the posterior extremity of the female and
at the dorsal ray of the bursa in the male, In the female four unpaired
pre-anal papillae were evident.

The body length and width of twenty wnmounted mature worms of each

sex were measured. The average length of the msle worms was 10,9 mm with



with a range of from 10,2 to 12,0 mm. The average male width, excluding
the bursal portion, was .22 mm ranging from .19 to .24 mm, The female
wormg were scmewhat larger with an average length of 21.6 mm and ranging
from 19.6 to 23.4 mm. The average female width was .36 mm, with e range
of from .35 to .40 mm.

The body width of the male diminished in size to an average of 100.8
micra just anterior to the bursa, The bursa of the male, measuring 137.5
micra long by 175.0 micera wide, was small and fane-shaped., From a ventrel
view the rays of the bursa were paired and symmetrical. The fused ventrow
ventral and lateroventrsl rays of the bursa were short, adhered closely
to the body and were bifurcated at the extremity, Upon measurement with
an ocular micrometer, these fused rays wers determined to be 30 miera
long and the bifurcation began 6,2 micra frou the base. Measurement of
the fused externolateral and mediolateral reys showed them to be 40.7
miera and 34.5 micra respeetively in length, while the bifurecation occured
10,1 micra from the base. The fused posterolateral and externodorsal rays
vere 42.5 miera and 37.5 micra long and the bifurcation was found to be
12,3 micra from the base. The dorsal ray was single, broad at its origin
and tapering caudally to enlarge at its end., It was without bifurcation,
and measured 50.3 mm from base to tip. The bursal pattern may be seen in
Figure 4. The paired spicules of the male worm were extremely long, deliecate,
equal in length and provided with striated laminae. They measured from
1.70 to 1.85 mm in length and were 5.6 micra wide. Each spicule was provided
with an accessory appendage at the terminal end. These appendages were
joined to the spleules 100 micra from the posterior extremity of the

spicules, and measured 150 micra in length (Fig. 5). There was a
pelired gubernaculum present that measured laterally 171 miecra in
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length and 6.2 in width.

In considering the female reproductive system of the lungworm
parasite, whole mount slides and & dissected fomale were studied.

The posterior end of the worm when dissacted and floated out in water
showed that there wes no ovejectoral apperatus and the organs theme
selves were arranged in a prodelphic didelphic pattern (Fig. 7). That
is, the vulva was found situated at the posterior end of the wom
Just anterior to the amus (Fig. 3 & 6), The vagina ran toward ths
anterior and ended in paired uteri that coiled about themselves. The
uteri extended to the paired oviducts and ovarles. The wvulva was

«097 m from the amus,

The uteri of the mature females were filled with embryonated eggs.
These ova measured 50,1 to 53.4 micra in length by 25.3 to 27,6 micre
in width, The layers of the egg shell were undeterminable tut the
entire shell measure 3,75 micra thick (Fig. 3 & 6).

These descriptive measurements have been arranged in tabular form
in Tables I, II, and III,

As a result of the previous descriptiona new gemus, lynx rufus,

and a nev species, Iynxrufusg wilsoni are assigned to the family
Metastrongylidae, subfamily Skrjabingylinae,

Lynxrafus, n.g.
Gereric disgnosis-Skrja:bingylinae; body elongate, cuticle

thrown inte folds at anterior end, Mouth circular, displaying no
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teeth or papilime but four lip~like structures present when viewed
from gn face view (Fig. 2). Shallow buccal capsule present joining

a straight muscular esophagus short and larger at anterior end than

- at posterior, Bursa of male small and fan shaped; ventroventral and
laterolateral rays of bursa short and fused on each side, adhering
closely to body and bifureating at extremity; externolateral and
mediolateral rays largely fused on each side, but bifurcate at extre-
mity; fused posterowlateral and externodorsal reys, bifurcation at
extremity; dorsal ray single, broad at origin then tapering only to
enlarge agein at unbifurcating extremity (Fig. 4). Spicules very long,
delicate and equal; each provided with asccessory appendage at posterior
end; spicules provided with striated laminme. Gubernaculum present.
Femnle with slightly pointed tsil; vulwva located at posterior end of
body close to amus (Fig. 3 & 4); no ovejectoral epparatus; didelphic,

prodelphic (Fig. 7). Type species: Lymrrufus wilsoni.

Lypxrufus wilsond, n. sp.

Specific diagnosis-Lmpcrufus: Males 10,2-12,0 mm long. 0.19=
0,24 mm wide, ZEsophagus 300 nicra long by 50 miera wide; nerve
ring 175 micra from anterior end of asophagus. Burss 137.5 micra
long by 175 micra wide, Bursal rays, with exception of dorsel, in
fused groups, each tapering townrd extremity and bifurcating near
extremity: dorsal ray narrowing from base toward extremity enlarzing
at extremity; wlthout bifurcation. Fused ventroventral and latero=
ventral rays 30 micra long bifurcating 6.2 micra from base; fused
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externolateral and mediclateral rays 40.7 and 34.5 micra long, bi-
furcate 10,0 miera from base; fused posterolateral and externodorsal
‘rays 42.5 micra and 37,5 micra long, bifurcation 12.3 micra from base;
dorsal ray 50.3 micra long (Fig. 4). Spicules 1,70~-1.85 mm long by
5.7 micre wide measured dorsally; accessory appendages joined to
spicules 100 micra from end; accessory appendage 150 micra long (Fig.
5). Gubernaculum, lateral measurement, 171 micra long by 6.2 micra
wide, Body proper diminishing in size to 100 miera just previous to
bursa.

Females 19.6~23.4 rm in length Ly 0,35-0.40 mn in width, Ante
erior ond identical with male, WVulva ,097 mm from ams, Four small
paired preanal pepillae situsted longitudinally just anterior to ams
on ventral surface (Fig. 3). Internal reproductive organs didelphic
prodelphic, Imbryonated eggs 50.1=53.4 micre long bty 25.3-27.6 micra
wide; layers of shell undeterminable but entire shell 3,75 micra thick.

Host: Lymxmufus rufug (Shreber)
locatlons Lungs
Geographic digtribution: Virginia and North Carolina
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TABLE 1, Comparable measurements of the male and female of Lynxrufus

wilgonl
Male Fenmale
Body length 10,2~12,0 mm Av. 19,9mm| 19,6=23.4 mm
Av, 21,6 m:m
Body width 0.19~0,2{m4iv, 0,22mm 0435«0,40 mm
Av, 0,36 mn
Length of esophagus 300 miora 300 miera
Width of esophagus 50 miera 50 miora
Situation of nerve
ring from anterior 175 micra 175 miera
end of esophagus
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TABLE 2, A tabulation of the measurements of the male reprodustive

parts of Lynxrufug wilgond

Reproductive Parts Male

Bursa length and width

Moasurements

137.5 X 175.0 miera

Length of fused ventroventral &
lateroventral rays bifurcation

30 miera 30 miera 6.2 miera

Length of fused externolateral &
mediolateral rays bifurcation

407 micra 34.5 miera
10.1 miera

Length of fused posteroclateral &
externodorsal rays bifureation

42.5 miera 37.5 miera
12,3 miera

Length of dorsal ray

50 3 miera

Length and width of splcules

1,70=1.85 mm X 5,6 miera

Length of accessory appendage

150 miera

Gubernaculum

171 X 6.2 miora
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TABLE 3 . A tabulation of some of the measured female parts of

Iynxrufus wilsoni
Female Parts Mogsurements
|
Distanee from vulva to anus +097 mm
Length of ova 50.1=53,4 micra
Width of ova 25,3-27.6 miera
Thiekness of shell 3.75 miera
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Fige 2

O mm

Figo 1

Figure 1. Anterior end, showing oral region, esophagus, nerve ring

and the beginning of the intestine of Lynxrufus wilsoni.

Figure 2. Lynxrufus wilsoni, en face view of anterior end.
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Figo 3 Fj_g. h

Figure 3. Posterior end of female of Lynxrufus wilsoni, ventral
view, showing small amount of the egg filled uterus,
the vagina, the vulva and the anus with preanal papillae.
Figure 4. Posterior end of male, ventral view, showing pattern of

the bursal rays and contracted spicules of Lynxrufus wilsoni.




Figo 5 | Fig. 6

Figure 5. Photomicrograph of the posterior end of the male Lynxrufus
wilsoni, lateral view, showing spicules, accessory piece
and gubernaculum. 100 x,

Figure 6. Photomicrograph of posterior end of female, L us

wilsoni, showing position of yulva.
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FLATE IV
Fig. 7
Figure 7. Diagram of the female reproductive system of Lynxxufus

wilsoni.
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DISCUSSION OF RESULTS
It seoms pertinent at this point to discuss Iymorufus wilsond

and its position in the family Metastrongylidase. Dr, Ellsworth C.
Dougherty, Denertment of Zoology, University of California, Berkley,
California, was kind enouch to look over and eriticize the primary
research on Lynzrafus wilgond. At that time a female worm had not been
dissected to agcertain the anatomy, position, gt getera of the reprodu-
ctive orgens. It was thought that the female was monodelphic, Dr,
Dougherty, in s note on this polnt wrote:

* I think Imprufus wilsond would make a perfect member of the gemus

roglgd gylus but for one thingwthe remarkable position of the wvulvae
and monodelphy.” Further he wrote:

"I should elso point ocubt that in the posterior position of the
vulva of mmtg is transitionsl between the rest of the subfamily
Skrjabingylinae (Wherein I should place it) and members of the other
subfamilies of the Motastrongylidee (exeept Dictyoceaplug). However,
the fact of monodelphy of which you apparently are unsure, makes this
leas significant, This last is such a c¢rucial point that I strongdy
racommend your dissecting out the terminal female reproductive tract
and settling this point once and for all, If Jymoufus wilsopd is in
fact didelphic, it represents a very important trensitional form in the
Metastrongylidae as I conceive them,"

After receiving the foregoing suggestion of Dr, Doughertyts, the
posterior portion of a female worm was dissected and proved to be
didelphic, as had been indicated in the previous section, Also, there
ar3 the facts that the femrle reproductive organs of Lymperufus wilsond
npanteriorly from & posteriorly located vulva and there is no ove-
jectoral apparatus, The genera of the subfamily Skrjabingylinae
{Skriabin, 1933) as recognized by Dougherty (1948, 1949) consist of
Bictvecaulus, Skrjabingylug, Cremosoms, Otostrongylus, Iroglostrongylus,
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The femules of these genera have three things

in commpn; namely; an ovejectoral apperabus, a vulva situsted boward
the middle of the body and amphidelphy. Dougherty has since modified
the Skrjabingylidae by placing Bictweaulus into a subfamily 21l its oun.
Dougherty (1945) felt in his earlier studies on ths evolution of
the metastrongylid femily that the Skrjabingylinae, because of the
position of the vulve and the structure of the ovejectoral apparatus,
were a link betwsen the Trichostrongylidas and the family ikiastrongy-
lidse (i. e, they had a common ancestor, Strongylina) and he placed the
sikrjabins under Trichostrongylidae, He has since removed the sub-
family Skrjabingylinse to the family Metastrongylidas (Dougherty 1951 b).
This change of view wes brought about by the work of Gerichter (1948
and 1949) vhich clearly showed that the morphology of the larval forms
of Iroglostrongvins brovior were closer to the matastrongylids than to
the trichostrongylids, Gerichter further suggested to Dougherty that
the position of the vulva nsar the mid-portion of the body in the
skrjabins might be a secondery evolutionary shift from the preanal
position found in most of the metastrongylids, Since the mals of
Iymxcrufys rather closely resembles two genera of the subfamily Skrja-
bingylinas, it is understandable that Dougherty in the previously
mentioned commnication should feel that the posterior position of ths
vulva and the didelphy of the female of Lymmrufus wilsonl causes it
to become ¥a very important transitional form in the Metastrongylidae®,
The male of Lymrufus wllsonil resembles two genera of the



subfomily Skrjabingyiinse, lns Cameron, 1931, and

Iroglostronzylys Vevers, 1923, The meles of these threc genera
have in camon (Vevers, 1922, Cameron 1931, Dougherty 1947) & dorsal
rsy that is a single stalk, a snnldl, though normml, burss with a
full complement of roys, a teguninal sheath that ls not thrown into
striated snmlations and thin delleste spicules with striated Jaminse,
The bursal pattern of the three genera differs mostly in the arrange-
ment and fusion of the palred lateral bursal rays. The externo~
lateral end madiolateral rays ars fused in the proximal portion as
are the posterolatsral and externodorsal in gemis Iypxrufug. The
externolateral and mediolatersl rays are fused in Iroglostrongylus
but the posterolaterals arise independently. In Eropchostrongylus,
the externolateral rays arise independently and the mediolaterals

and poaterolaterals sre partly fused,

It is of interest to note that with one exception, all the specles
of the previously mentionsd genera parasitize the respiratory systenm
of the family Felidae. Troglostrongvius delicetus Travassos, 1946
iz that one exception; it is a parasite of the opossum, Didelphis.

The cephalic region of Lymxrufus should certainly be discussed.
Dougherty insisted, in the personal communication about ymxrufus,
that papillae covld be seen if a slide were properly prepared and
viewed under oil immersion. The author Bas tried many times to see
papillae but even with the clearest of gn faee preparations studied
under oil immersion, papillse were not discerned. In a new classi-
fication of the suborder Strongylina (Dougherty 1951), the family
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Metastrongylidae is described In part as having unfused submedian

papillae of tho externsl circle,
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G NCLUSIONS

1% 1s concluded that the new genus Iynxrufus should be placed
tentatively in the subfanily Skrjabingylinee becauso of the similarity

concluded that the gemus represents a transitional form between the

subfamily Skrjabingylinae and the other subfamilies of the family ibtag-
trongylidae bocause of the posterior position of the wulva, the lack
of ovejectoral apparatus and the paired condition of the female
reproductive organs,

Since actually, it has not boen asecertained, the author concludes
that the cephalic region of W 8
tut with the technigque and ocular equipment at hand, papillae could not

i mey have cephalic papillse

be seen,



SUMMARY

Of sixty-four bobcats, Lynx rufus rufus, collected in Virginie
end North Cerolina, twenty-five percent were found to be infected with
an unidentified lungworm.

As the literature showed no record of lungworm parasites from
Lynx zufus rufus, a study was made of the lungworms of the cat family,
Felldse.

A new metastrongylid genus and specles iz here described, named
and classified. The name 1s designated as Lynxrufus wilsoni. Lynx—
rufus wilsgoni is placed tentatively in the subfamily Skrjebingylinse
due to the similerity of its mele reproductive organs to the male
reproductive organs of the other members of that subfamily.
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