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WASHINGTOXN, D. C.

b, SPECIES OF CAPILLARIA PARASITIC IN THE
UPPER DIGESTIVE TRACT OF BIRDS

By Braise B. Cram
Zoologist, Zoological Division, Bureaw of Animal ndustri!
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INTRODUCTION

ca Within the past decade there have beer found, in the United States,
Sematodes belonging to the genus Capillaria which oceur in the upper
<digestive tract ot birds, that is, anterior to the intestine. The in-
V{estations have frequently been severe. The stomachs have never
obeen involved, but the entire esophagus and, more especially, the crop
have been aflected. The birds have been chiefly galliform, but
—mnseriform species also have been infested, the birds in both classes
=Being of importance to commercial rearers and to sportsnen. Such
infestations were not recorded in the United States until 1925; since
then the increasing frequency of their oceurrence and the widening
range of bird hosts aflected, in several different areas, indicate that
these parasites present a problem of growing importance.

The writer has iden l;iﬁeglJ the nematodes as belonging to two species:
Capillaria annulate (Molin, 1858) Cram, 1026, and C. contorta (Crep-
lin, 1839) Travassos, 1915. The former species is easily recognized
because of certain morphological characteristics to be discuszed later,
The latter species is more difficult to recognize. The American ma-
terial aliocated to this species shows considerable variation, and it is
proposed to deseribe these variations and to give the reasons for con-
sidering the worms as C. conforfe. Data concerning natural cases
and experimentally produced cases of infestation are presented, in-
cluding observations on the life history and pathogenicity of the
parssites. Nine additional species are also considered; only two of

I Transferred Lo Toited Stales Public Heallh Servive Apeil 1, 1936,
10275 CA——]
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these, namely, &. perforans Kotlin and Orosz, 1931, and C.lophortygis
Baylis, 1934, involve the same bird hosts as those of the American
findings.

Except when otherwise noted, classification of birds, as given in
this bulletin, is based on that in the following publications: Check-
List of North American Birds (3)! for all species there included; and
List of the Vertebrated Animals Exhibited in the Gardens of the
Zoological Society of London, 1828-1927, volume 2, Birds (32) for
other species.

GENUS CAPILLARIA ZEDER, 1800

Synonyms.— Trichosoma Rudolphi, 1819; Trickesomum Creplin, 1839; Calodium
Dujardin, 1845; Theminz Dujardin, 1845; Lindscus Dujardin, 1845; Fuceleus
Dujardin, 1845; Hepaticola Hall, 1916,

The genus Cgpillaria helongs to the group of nematodes which
Ward (50) hee called the order Trichosyringata, which group com-
prises forms defined as having a tubular capillary esophagus. The
tube is embedded in, or otherwise related to, a single row of cells
(Zellktrper of Tberth (20)) finely granular in appearance. Each cell
has a conspicuous nucleus, and the cells extend almost to the head end
of the body, the tube itself continuing to the mouth. On the other
hand, Chitwood (Z0) has found that the esophagus does not differ
fundamentally from that of the Myosyringata; it has a triradiate
lumen surrounded by a muscle layer, is enclosed in a membrane and
is pressed against or embedded in the row of cells; each eell commu-
nicates with the esophageal lumen through a small orifice.

Mouth simple, unadorned. At posterior end of esophagus, on cach side a
pear-shaped appendzge of finely granular appearance.  Portion of body contain-
ing esophagus commonly ealled anterior portion of body, and postesophageal

rtion called posterior portion of body. Cuticle with longitudinal “hacillary”

ands, 80 called because of rod-shaped polygonal and evlindrical eells (Stibehen
of Eberth) of which they are composed, the number and relative sixe of the
bands—dorsal, ventral, and lateral in position—varying.

Male genital organs eonsisting of single tubular testis, followed by a vas
deferens, the latter sometimes constrinted inte two or three parts, the pesterior

arh serving as a seminal vesicle; posterior to this, tube becoming narrower, form-
ing an ejaculatory duct, this baing followed by a tube provided with gland cells
and with more or lest strongly developed muscular wali, the tube extending to
the cloaca and opening here along with the intestine. A membranous spicitle
sheath, of varying appearunce, present within the muscular tube, in some specics
showing delicate transverse folds or numerous spines, the latter anteriorly di-
rected when sheath s extruded. A single spicule, relatively long and slender,
present in most species, sometimes only very slightly ehitinized, if at all; some-
times sbsent. Cloacal aperture at tail end, more or less ventral, bounded by
more or less prominent enticular swellings of varying size and shape.

Female with a single ovary and uterus, simple in nature, the latter opening on
ventral side of body near junction of esuophagus and intestine; vaginal opening ai
same level as hody cuticle or elevated, tranaversely elongate or circular, simple or
with cuticular appendages. Eggs lemon shaped, with operenlar plugs, without
visible evidence of begiuning development when depositecf i outer surface of shell
smoogth or ornamented.

Location.—Digestive tract, liver, wrinary bladder, or respiratery pussapes of
all groups of vertebrates.

Type species—Capillaria anaetis (Schrank, 1790) Travassos, 1915,
DISCUSSION

Attempts to split up the genus Capillurie hnve not proved satisfae-
tory because of the fact that no dilferential characters of an unvaryin
nature, on which to hase such a subdivision, have yet been found.

i Italie munbers §n parentheses refer Lo Liternture Clted, [, 235
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Baylis (4) analyzed the situation and concluded that the genera pro-

posed by Dujerdin (19) and by Hall (24) must be considered SYnony-
mous with Capillaria, as previously listed. These new geners were
based on the nature and length of the spicule sheath and the presence
or absence of a spiculs. Baylis pointed out that great variation is
possible in the appearance of the spicule sheath, even within a species,
and therefore it cannot be relied upon as a generic differential charae-
ter. As regards presence or ebsence of a spicule, he stated:

In the writer’s experience it is not unusual to meet with forms of “Capiliaria”
in which the spicule appears to be so feebly chitinized that it is extremely diffieult
to detect, and it seems by no means improbable that in some cases the statement
that v epicule is absent may be erroncous. It may, in fact, in any given form,
prove impossible to state definitcly either that a spicule is present or that it is
absent.

He adds also that “the same observation applies to the presence or
absence of bacillary bands.”

There is perhaps no other group of nematodes, certainly not among
nematodes of Lirds, for which existing deseriptions are on the whole
so inadequate and of which the characters considered to be of specific
value are so few in number, owing to the apparently simple organiza~
tion of the nematodes, and so variable within a species. There isgreat
need for & monographic study, including examination of a large num-
ber of specimens, in an effort to discover more definite specific charae-
ters than are now lknown.

The following key indicates the distinguishing characters which are
to be found in the descriptions of the 11 species included in this
bulletin,

KEY TO SPECIES OF CAPILLARIA IN THE UPPER DICESTIVE TRACT OF BIRDS

. No description; nomen nudum C. charedrii (p. 19).
Deseripiion given 2.
. Head with bulbous swelling and neck with cuticular
thickenings C. annulste (p. 4).
Head and neck simpie, without above structures.___ 3.
. Female with Iarge, hell-shaped, vaginal protuberance
at vulva C. cylindrica {p. 20).
Female without such vaginal profuberance 4.
. Posterior part of body much thicker than anterior
part, especizlly in female C. dispar (p. 20).
No such marked change in width of hody 5.
. In gizzard 5.
In esophagus, including erop 7.
. Spicule sheath unarmed; muie tail slinple, without
lateral lobes C. obiusiuscula {p. 22).
Spicule sheath thickly eovered with spines; male tail
with 2 lateral lobes C. triloba (p. 23).
. Esophagus of male unusually short, mepsuring 4104
to 480k in speciinens 12.8 o 15.6 mm long C. corvicula (p. 19).
Esophagus of male considerably longer than above_. 8.
. Tail end of male with 3 pairs of lobular projections,
each with a pair of papillae, and the whole hidden
by a bell-shaped bursal structure C. laricola (p. 21).
Tail end of male simpler than above, having dorso-
laterally 2 prominences or papillac g.
Spicule apparently absent C. lephortygis (p. 21},
Spieule present, although sometimes difficult to see__ 10,
. Spieule very long, measuring more than onc-third
body length C. perforans {p. 22).
Spicule length much shorter than above; when deter-
minabie, not more than one-tenth body length___ O, contorta (p. 8).
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CAPILLARIA ANNULATA {MOLIN, 1858) CRAM, 19262

Synonyms.—Trichosoma annulatum Molin, 1838; T, sirumosum Reibisch, 1893;
T. delicalissimum Perroncito and Tomiolo, 1809; Capillaria strumesa (Reibisch,
1893) Travassos, 1915; Thoming sirumoese (Reibisch, 1893) Travassos, 1915; T
ennulale {Molin, 1858) Cram, 1925; Eucoleus strumose (Reibisch, 1803) Wassil-
kowa and Gouchanskajn, 1930. Capillaria semiteres Zoder, 1803, deseribed from
the chicken but without location specified, is sometimes listed as the correch name
for this species, but Zeder’s species is considered unrecognizable by the present
writer.

Hosts.—Gelliformes: Bonasa umbellus, Chrysclophus pictus, Calinus sirginianus,
Gallus gallus, Lyrurus teiriz, Meleagris gallopave, Numida sp., Perdiz perdiz, Pha-
sianus colchicus lorquatus, Syrmaticus reevest, and Telrao wrogallua,

Loration—Esophagus, especially the crop.

DESCERIFTION OF PARASITE

Capillaria {p. 2): Threadlike worms, Just behind head (fg. 1, 4), in adult
specimens, & bulbous swelling of the cuticle and somewhat more posteriofly, in
cervical region, wavy transverse folds giving the appearance of bladderlike swell-
ings in optical section; the enlargement and folds lacking in very young specimens
and sometimes collapsing or shrinking in adult specimens with chenge of pressure
during preservation. Molin's (35, 86} description is vory meager but includes
mention of the cervical swelling, which is clearly shown In his Dlustration, and
which is here regarded ag disgnostic for this speeies.  Bacillary hands dorsal and
ventral, the former two-fifths to one-halfl as wide as body, the Iatter three-fourths
a8 wide as body, the rodlike cells of ventral band more thickly set than those of
dorsal hand.

Aale usually 10 to 25 mun long, exceptlignally up to 37 mm long, by 52u to 80a
wide. Esophapus3.15tcd.23mmlong.  Tail end with two inconspicuous, round,
lateral flaps vnited dorsally by a cuticular flap; cloace somewhat ventral. Spicule
sheath usually 1.12 to 1.63 mm long (2.5 mm, secording to Adams and Geiser (1))
by about 13k wide, heset with spines 2u long.  Cram’s (18) deseripiion of the
sheath as 225 mm long was & tvpographical error on the part of the printor, the
manuseript having specified 1.26 mm, as derived from Clurea’s (/1) description.
Sheath scldom extruded; Ciurea (17} found only one extruded speeimen (g, 1, B)
out of many cxamined by him. The present writer has fornd none extruded; it
has been observed, however, that in unpreserved specimens the spinos of the
sheath are very conspicuouns and that there appears to be & nonspinous area, with
spinous areas anterior to and posterior to it.  In two unusually large specimens
from the ehicken, one measuring 36 and the other 37 mm, the total length of
spicule sheath of the first was 1.42 and of the other 1.63 mm; of these lengths,
spings were present on an anterior or proximal arca measuring 240z and S04y,
were absend on & mid-area measuring 240k and 280u, and were present on a distal
or posterior area measuring 9444 and 1.048 mm, respectively.  These observations
confirm similar findings of Wassilkowa and Gouchanskaja {51); in 2 specimen
23.17 mm loung, from Lyrurus {clriz, & proximal portion of the sheath, 101 in
extent, had small spines, then for an arca of 107x there were larger spines, the
extremities of which were turned proximally; the following arca of 2754 was devoid
of spings, after which the Inst 950k lenpth had large spines, the dimensions of
which diminisherd graduully toward the distal end. “Ciurea referred to & spicule
az being 4p wide but too indefinite in outline to he measured for length; Wassil-
kowsa and Gouchanskaja have interpreted Ciurea’s measirement as undoubtedly
applying to the diameter of the lumen of the sheath; spienle lacking, according
to Wassilkows and Gouchenskaja and to others, including Orosz (38) and the
present writer.

Female usually 25 fo 60 mm long, exceptionally 15 to 80 mm long, by 77z to
1204 wide. The largest specimens seen by the writer were from $he ‘chicken,
with 8 maxinmun length of 60 mm; the largest from the turkey was 37 mm; the
largest from the bobwhile quall, 30 mun.  Posterjor portion of body ahou$ sgven
times as long as anterior portion, Esophagus 4.29 to 8 pun Jong. Circular
vulva lceated fo left of median line, between haciliary bands, about opposite
termination of esophagus, or 22u to 93u (or 500k, according to Reihisch (42))
posterior fo i4; valva usually elevnted slightly but in voung specimens said to
open through & eylindrical appendix.  Eggs usuelly 60z to 664 long (55p to 58u

1 Cram {46) credited the combinplion to Michrikn, 1024, hut reexpiinstion of the Intlers arthole (675
indicales tha combination wag nut mude thero,
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long, nccording ta Wassilkowa and Gouchanskaje (51)) by 26u to 284 wide; a
small aecessory knob usually present o one operculum, rarely present on both
opercula.

DMSTHRIBUTION AND INCIDENCE

North America {Canada and United States), South Americn
(Brozil), Europe, and Asin (Philippine Islands and Siberia).

Before its discovery in North Ameries, Capillarie annulate had
been known for many ycars, chiefly in Europe, in several countries on
the Continent, the parasite being found mainly in chickens but also
in pheasants. The first North American veport appoars to he that
of Wickware (52) in 1922, in which re-
port this nematode from the esophagus
of the chicken was included in a list ol
parasites collected in Canada; no de-
seriptive date were given. In 1925 it
wag recorded brielly from the United
States by Cram (12), who the {ollowing
vear (13) published a general account
of the case, at the same time that Hung
(27) described the pathology ; large num-
bers of the nematode had been found in
the esophagus of five turkeys in Muary-
land and were apparently responsible
for the deaths of these and other mem-
bers of the flock.

Subsequent reports in this country in-
clude the following: Tn 1826 from six
ruffed grouse, five of which were will
birds from southern New England and
Columbia County, N. Y., and a captive
bird in Tompkins County, N. Y., by
Allen and Gross {2); in 1927 from a
chicken in Tuerto Rico, by Cram (£4);
in 1928 from chickens in Maryland, JE1314
Georgia, Mississippi, and Louisiana and ¢ {1 i s
from o ruffed grouse in Michigan, by ‘ i _

Cram (15), and from pheasants in New o s et
Yorl, by Hendrickson and DeVolt (26),

these Inst-mentioned authors reporting heavy losses due to infestations;
in 1930 from a captive bobwhite quail in Florida, by Thomas (47), and
in 1931 from considerable numbers of the same host, also captive, in
Virginia, by Cram (76), both these reports indicating that the parasites
wers contributory to the death of the birds; in 1930 from chickens in
Illinois, by Graham, Thorp, and Hectorne (23}, losses in two widely
separated flocks apparently being caused by the parasites, and from
chickens in New York, by Beaudette and Hudson (7); in 1931 {from
three captive Hungarian partridges from 2 sourcesin the State ol Wash-
ington, by Hamilton (25); in 1033 from two Reeves pheasants in New
York, by Gates (27), and from chickens in Texas, by Adams and Geiser
(1); and in 1935 from seven captive ring-necked pheasants suffering
from o **diphtheritic” disense in New Jersey, by Graham (22). An
additional report in 1934, by Nelson (87), of a species of Capillaria in
the esophagus, including the crop, of 30 out of 326 chickens examined
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in Kansas, probably dealt with €. annawdata, although specific identi-
fication was not made.

These reports of the 10 years following the originsl discovery of
C. annulate in the United States indicate a wide distribution as
regards aresn and the species of gallinaceous birds which are affected.
In Europe the finding of this species in the black grouse, Lyrurus
tefriz, by Wassilkowa and Gouchanskaja (51) extends the host list
still further.

CLINICAL SYMPTOMS AND PATHOLOGY

Eurcpean reports of Capillaria annulate have not indicated that
this nematode is seriously pathogenic to chickens; Ciures (1) noted
that the only symptom was an occasional stretching of the neck,
that the chickens remained in good flesh and retained their appetites,
and that no gross pathological condition was apparent at necropsy.
Perroncito and Tomiolo (89), however, reported fatal cases of infesta-
tion in pheasants in Italy, the symptoms being principally malnubri-
tion and emaciation, associated with a severe anemia.

The principal symptoms which have been nofed in connection with
the . annulate infestations in the United States ave refusal of grain
but aceeptance of soft feeds by the birds, unnatural position of head,
arching or stretching of neck, droopiness, emaciation, and lameness.
Allen and Gross (2) reported severe anemin in an infected ruffed
grouse, shortly before death—

a conut averaging 1,860,000 per ¢, mm. red eclls and 23,600 white celis being
obtained. A similar count of an apparently heaithy bird gave 2,730,000 red
cells and 32,400 white cells per c. inm.

Changes in the appearance of the wall of the esophagus, more
especially that of the crop, have been describad by Hung (27) from
the turkey; three gencral types were observed. In an emrly stage
there were hyperemia and slight thickening of the wall in the vieinity
of the worms, which were *‘threaded’” into the mucosa in tortuous
patterns; in 8 subsequent stage, the lymph follicles were enlarged and
there were greater thickening and loss of elesticity of the wall; in the
third stage there were sloughing of the mucosa and the formation of
o fibrinous pseudomembrane. Microscopically, these stages showed
hyperemis and lymphoeyte infiltration, flask-shaped enlargement and
necrosis of lymph follicles, necrosis of mucosa and presence of a
pseudomembrane composed of the necrotic substances with fibrin and
polynuclear leucocytes. Eggs of the worms were present in large
numbers throughout the membrane and the superficial mucoss; the
worms had penetrated as deep as the boundary of the muscularis.
Graham (22} observed approximately the same microscopic pathology
in phensants, except that there was infiltration of plasma cells rather
than lymphoeytes.

PREDISPOSING FACTORS

As already noeted, reports from counitries other than thie United
States have indicated that chickens are seldom seriously aflected by
the parasite, as compared with pheasants, in which the infestations
may prove fatal. The majority of chicken infestations that have
been seen by the present writer have not shown the severe tissue
damage seen in turkeys, quail, grouse, and pheasants. Nevertheless,
instances have heen ohserved by the writer, by Adams and Geiser (1),
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and by Graham, Thorp, and Hectorne (23) when pathological changes
occurred in the crops of chickens similar to those described from tur-
keys; the last-named authors reported that chickens weighing 23 to 3
pounds were first to suffer from the discase, death occurring in 10 days
to & weeks after the first symptoms. The 30 cases observed by
Nelson (87) were said to indieate that chickens up to 4 months of
age were apparcntly mere susceptible to infection, which observations
conform with those of Ciurea (11} in Europe, that only young chickens
became infected and chiefly from May to August, no cases being
found by him in winter. It has been suggested by Cram (78) that
possibly this parasite is normally found in chickens, which have,
therefore, an inherent immunity to its effects; its occurrence in other
gallinaceous birds may be a more recent transfer from the chicken,
and the effects, therefore, more severe. Tlie oceasional breaking
down of immunity in chickens may be due to lowered resistance of
one kind or another. Beifried (49) stated that during his investiga-
tions in the United States, conducted chiefly at Princeton, N. J., he
found heavy inflestations with Capillurie annuleie assoctated with
cases of A—avitaminosis in ¢hickens, and he coneluded that penetra-
tion of the wall of the csophagus was facilitated by the abnormal
condition resulting from the dietary deficiency,

JAFE HISTORY

The protoplasm of the eggs, when they are deposited by the worms,
1s in the simple unsegmented stage; development of embryos within
the eggs is comparatively slow, depending on temperature, moisture,

oxygen supply, and probably othier factors. Under very fuvorable
conditions, such as an even tempernture of 28° to 33° C., In a shallow
layer of water, with daily stirring for oxygenation, the first suggestion
of vermiform outline wtthin the egg has been noted as early as the
thirteenth day and apparently completed embryo development by
the twenty-fourth day alter eggs were obtained from the erop con-
tent of fowls. Under less favorable conditions, 30 and 42 days,
respectively, were the usual periods, but if intermittent drying
occurred, development was sometimes delayed lor considerably longer
periods.  The addition to the cultures of a bactericide, such as o
weak solution of formalin or potassium bichromate, was found to
hinder rather than to aid development of the eges,

Embryos freed from eggs by heat and pressure, 1n & culture 47 days
old, mensured 250¢ long by 10 wide.

Attempts to produce experimental infestations by {eeding embry-
onated eggs have been repeatedly unsuecesstul. During the years
1929 to 1932 the writer fed cultures of embryonated eggs of Capillarie
aennuluia, most of which were derived from infested chickens but
some also fromn infested Tungarian partridges, to 18 young ehiclens,
the age of the chickens at time of experimental {eeding being 2, 7,
25 and 28 days and 2! months in different experiments. In no case
were specimens of the capillarids found when the chickens were killed
from 1 to 3 months later,

Recently E. E. Wehr of the Zoological Division has ascertained
that when the infective eggs of €\ annulete are fed to earthworms and
the earthworms subsequently fed to chickens, the chickens become
infested with C. ennulata.
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CONTROL
See recommendations for control of Capilleria contorta, page 19.
CAPILLARIA CONTORTA (CREPLIN, 1839) TRAVASSOS, 1915

Synonyins—Trickosoma econtoriwm Creplin, 1839; Thominz conlorla {Creplin,
1839 Travassos, 1915,

Hosis—Anseriformoes:  Awnas boschas, 2. boschas dom-
estica, . guerquedide (syn., A, eircin), Chawlelasmug
streperus (syi., sAnas strepera), Dafila acuta, **Coose”,
Nettion crecea (syn., Anas erecen), Spatulu clypeata (syn.,
Anas elypeata), Tadorna tadorma (syn., T. cornita),
Charwlriiformes:  Alle alle, Charadrius baticiln {syn.,
slegialitds hinticula), Gelochelidon wnilotica {syn., Sterng
anglica}, La s canus, L. cachinnans, L. ridibundus,
Philomachus pugnaz (syn., Macheles pugnaz, Pavoncella
pugrar, Tringa pugnuz), Recurvirostre auesetia, Sterna
hirunde {syw., 8. fluriaiiliy), Thalasseus mazimuy® (syn,,
Sterna wmazina}, Urie grifle, Vanellus vaneliug (syn., V.
eristatus), IFuleoniformes: Aceipiier wisus (syn., Asfur
nisws, Nisies communis), Buleo buteo (syn., B. vulgaris,
Faleo buteo).  Gniliformes Honasa wmbellus, Colfnug
virginianns, Crossoptilon manichurvicwm, Lophorlyz cali-
fornica, Meleagris gallopavo, Oreortyz pieta, Perdiz perdiz,
Phasinnus eolchiens torguatus).  Passeriformes: (g'o.ioe.!:s
monctdula (syn., Corvus monedula), Corvns brachyrhynehos
(=yn., C emericanus), C. eorniz, C. corone (5yn., Corene
corane), Corens fragilegus (syn., Trypanoceraz frugilegus),
Brithacus rubeenla (syn., Lusciolo rubgoula® Rubecula
Jawiliarisy, Oenenthe ocnenthe {syn., Sazicola venanthe},
Phaenicuruy phoenicurus (syn., Luseciola tthys? Ruticilla
fithys ), Sturnus vulgaeris.

Location~—Moulh and csophagus, inchiding erop,
usually in nucosa or subunicosa,
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DESBCRIPTION OF PARASITE

Gf{ft’ﬁ{;f'i«. (p. 2): Original description by

Creplin (77) in 1839:

TFieat found in Corpus corniz. Worms very elastie,
twisling in spival when placed in waler, Aale mueh
srnller aud slenderer than female; 1ail obliquely trun-
ente, wilth a Jarpge openiug on the swollen edge, with a
protruding spicole enveloped by a comparatively long
sheath., Female about 1ineh (27 mm) loug, the size of &
fine huir, very slender anlerioriy, slighlly enlarged in
middle reglon, and hevoming slenderer again posterioriy;
tail yery obtuse,

Diesing (18, v. 2 in 1851, listing several wild
birds as hosts of this species, adds to the original
description in the following particulars:

Male 13.5 to 15.75 nim long; spienle sheaih unarmed,
nonstrinted.  Female 18 Lo 27 mm long,

Iberth (20) in 1863 gave o more detailed tllus-
Finens 2—Copilinria cantorr. 180 (18, 2} description of specimens from

itegion of vadvar e, soplu-  Coppns ecornie:

i:us; ¢eulemd; L fnsting f, ) . .

sternd, bunely o, valvas ob Body spivally rolicd; ventral longitudinal band {iree-

]\g'{l;it.mlbnnd. After Ebertin r60vths width of body, dorsal band one-Urird width of
body, both ecomposed of bacillary cells {Stibehen), those

3 Tho writer Is indebted to L. Friedninnn, ©. 5. Natlons) Museutn, for checking bhe validity of this
name.

¢ A single report, from Gulive pattes, by etz (93 1s coustderced vurolinble, having been besed cnllrely or
Capitleria epps In the droppings,
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searcer in doreal band than in veniral band; lateral lines single, very narrow.
Male with greatly narrowed posterior end formmed into bursalike strusture by two
small rounded flaps {Lappen), with cloncal opening somewhat venfral; spicule
sheath with small, fine, sharp spines.  Female body heeoming thicker posteriorly,
again narrowing toward tail, tail ending obliquely; anus terminal: vuiva on
ventral side, prominent, circular, situated a considerable distance polow origin of
intestine; inner lamella of outor eggshell with fine punctiforin promineneces.

Linstow (31) in 1877, listing several wild birds as hosts, noted
variations which ho observed in this nematode; as the body of the
female developed, it was only
the part of body posterior to
the vulva that grew, with the
enlargement of the sex organs.
In & nongravid femasle, 16.6
mm long, the ratio of body
length anterior to vulva to
that posterior to vulva was
4:6, whereas in a gravid fe-
male, 26 mm long, it was4:17.
The eggs also he Tound incon-
stant In size, ranging from 524
to 69p long and 206x to 36e
wide.

Railliet and Lucet (40) in
1889, apparently not having
seen Lberth’s description,
gave one very similar to his,
of specimens from Anas bos-
chas domestica, which they
stated were identical with
specimens collected by them
from the common crow:

Body filiform, progressively
thicker posteriorly. Cutiele very
finely strinted transversely. Ilead
very small, month characters
indiscernible, except for a smal)
terminal prominence or button
{bouton).  Two longitudinal
bands, formed of littie rods{hutons),
originating In subeuticular layer
and penctrating cudicle; viewed
from side, each hatonetlc appenr- FeUke L—Capiltaric comtorte,  Mude teil; .1, With spleie
iog as a small hemisphorical pro- i1 el retscteds 5 with Spleuts aid st o
jection prolonged by an upright '
poini; viewed from the front, hatoneties represented by very small circies
more or less approximated. Bands uneguel in width, exect situstion veory
difficult to detcrmine; one, apparently ventral, about three-fourths width
of bedy, the other, apparently dorsal, more fechly developed, averaging one-
third width of body, this latter hand tending to ‘disappear at level of vulva.
Male relatively small, 1240 17 mm long, Anterior part of body containing esoph-
agus, 3.4 to 4.3 mun long; thus ratio of anterior to posterior part of hody about
1:2.6. Tail (fig. 8) at first slightly attenuated, in terininal region slightly swollen
and with two lateral more or less prominent projections; cloncal opening slightly
ventral. Spieule very slender, about 3u wide; enclosed in & sheath 20z wide,
eylindrical, and provided with very small bristiing (setacées) spines, directed
anteriorly. Female 31 to 38 mm long by 9 to 10z wide at level of head 80u to
90u wide 2t end of esophagus, ancd 120z t6 150 wide in posterior region. Anterior
or esophageal part of body 4.5 to 7 mm long; thus ratio of anterior to posterior

FULTH i —

Rl R s g
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part about 1:5. Tail very attenuated, ending in elender tip. Vulva 140u to
170 posterior to end of csephagus, having appearance of transverse slit, without
appendix of any sort. Dggs ellipsoidal, eontracted into a neck at the two poles,
which are surmounted by a hemispherical, very transparent knob or button;
mensured from neck o neck, without including knobs, 48 to 56 long.

Railliet and Tmeet (41) the following year reviewed the earlier de-
seriptions of this nematode but made no changes {ron: their previous
descriplion. . ] .

Travessos (48) in 1915, listing numerous wild birds as hosts, included
the following in the deseription of this nematode:

Male 8 to 15 mm Iong; size relation of anterior to posterior part of body 3:5;
tail (fig. 4) truncate and with two laterodorsal projections; spicule sheath with
many spines, measuring about
0.3 (mm 7), capable of being
invaginated interiorly in pos-
terior part of bady; spicule very
delicate and trangparent, diffi-
cu!t to see, measuring about 0.8
mm long,  Female 15 to 30 mm
long; size relation of anterior to
posterior part of bedy 1:5; no
projection ad vulva; eges 494 to
ahip long by 244 to 28, wide.
MORPHOLOGICAL CHARACTERS

OF NORTH AMERICAN SPECI-
MENS

The writer has identified
as Capillaria contorta nem-
atodes from the esophagus
of all the species of Galli-
formes listed previously
and of ducks (Anas boschas
domestica and Dafilaacuta).
The principal characterson
which these identifications
were based included rel-
ntive size and nature of
bacillary bunds and the
situation of the vulvaon a
circular prominence, as de-

i .
® S e scribed and figured by
e Eberth, the two rounded
. o i promnences or 1)1‘0]0(‘.!}10118
Friiv e A, - Capiftarin comdorta. Male il Aller

"Truengsys, 1915, of themale tait and the pres-

enee of delicate spines on

the spiculs shesth, the two last-mentioned characters being ineluded

in the descriptions of Iiberth, of Railliet and Lucet, and of Travassos.

These characters appeared constant in tho large number of specimens

examined; in eertain other respects, however, varistions were noted,
a3 included in the Tollowing obscrvations.

Lot A. Pheasant (Phasianus colchicus torquatus) ; natural infestution.—Male 37
to 48 mm long.  Spicule sheath (7} about 3 mm long, minutely apined, lying
within the cjaculntory duct; the duct longitudinally striated, extending nnteri-
orly for 3 0 5 mm beyond anterior end of shenth, then proceded by vas deferens,
thick-walled with transverse contractions giving corrugated appearance, for dis-
tance of 8 to 10 inm; at its proximal end 2 sphineter separatiug it from seminal
vesicle, the latter with densc opaque contents; spicule not discernibte, Female
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70 mm long; vulva on elevation about 184, posterior to level of origin of intestine;
egij-om),‘ by 254,

t B. Pheasant (Phasianus colchicus lorquatus) : natural infestation.—3Male 18
to 32 mm long. Tail end in dorsoventral view like that figured by Railliet and
Lucet (fig. 3); in lateral view similar to that of Cepillaria lophoriygis (fig. 10).
Spicule sheath in no ease everted; spines not apparent for distanee of about §5a
from posterior eud, but anterior to that srea, an arca of about 100u with apines
showing clearly; in a speeimen 28 mm long, ejaculatory duct and vas deferens
13 mm long; spienle discernible in one specimen.  Female 25 to 30 mm long.
Location of vulva runging from same level as origin of intestine fo 1204 posterior
to it; %gs 8du by 25u.

Let C. Bobwhite quail {Colinus virginianns); artificial infestation of 52 days’
duration with pheasant strain {(lot B).—2Mele 31 mm long.  Female 45 mm long,.
Egps 58x by 27u.

Lot D. Duck {Anas boschas domestica); probably artificial infestation (see Lifc
History, p. 16) of 48 days’ duration, with pheasant strain (lot 13).—Male 15 to 16
mim long. In two specitmens spicule sheath 760p and 780k, respeetively, or some-
what longer (coiled at anterior end); spives of spicule sheath easily seen, very
delicate except in space of 200x of most anterior area, here shorter and atouter;
in & third speeimen, the larger anterior spines easily seen hut the others disceenible
only with difficulty except in sectioned specimen, then apines on inner surface of
sheath easily scen, the sheaith collapsed, 214 wide, cxcept toward its anterior
looped end, where not collapsed and here spicule, 3x wide, diseernible; in fourth
apceimen, spicule sheath extruded, the spicule discernible within it hut not pro-
truding beyond it, the spines very similar to those figured by Raillies and Lucet
(Pe. 3}, except not extending oud from cdge of sheath so far hut lying elose to it.
Female 32 to 35 mm long, %’ul\'a. 136y to 1764 from origin of intestine; cges 504

by 294,

Lot B, Duck (Dafile acuta); nutural infestation.—Male 15 to 17 mm long;
spicule sheath 823p loug, similar in appeargnee to firsé two specimens deseribed
irom lot B. Femele 21 to 26 mm long.

Lot I, Mountain quail (Oreorty piele); natural infestation.—Meale about 45
mm long; spicule sheath (¥} 6.24 and 6.47 mm Jong, respectively, in two speei-
mens, lying in cjaculatory duct, latter extending farther anteriorly, with total
length of 11.4 mm; spicule questionuble. Fenm.[l-’e about 80 mm long; eges 54p
by 27u.

Lot G. Furkey {Meleagris gallopave); artificial infestation of 72 days’ duration,
with gtrain from bobwhite quail—Male 43 mm Jong.  Female 48 mun loug.

Lot H. Turkey {Melcagris gatlopavn); artificial infestution of 80 days’ duration,
with glrain from turkey.—aMfale 41 mm long; spicule sheath () about 3 mm long,
Female 67 to 77 mm long,

Lot 1. California valley quail (Zopherlyz californice); natural infestation.—
Mele 35 to 45 mm long.  Female 50 to 60 nim long.

The foregoing obscrvations indicate the difficulties encountered
when an attempt was made to study the male genital organs in speci-
mens which were all identical, judging from external characters,
except for size.  The presence or absence of & spicule and, if present,
its length are the charncters which have been specified as differentiat-
ing from Capillarie contorfu two recently erected species, €. perforans
and C. lophortyyis of galliform birds. The writer found that as the
size of the specimens examined became greater, and as the walls of
the body and of the genital tubes beeane thicker, there was increasing
difficulty in seeing the spines of the spicule sheath and the spicule
within the sheath; only by resorting to sectioning was it possible to
see the spicule in some instances.  In only one of the many specimens
examined was the sheails extruded {from the body ; unless extruded, the
spines are on the inner surface of the sheath, flattened against the
wall and, therefore, much more difficult to see.

The spicule sheath in specimens from gailiform birds appeared to
be proportionately longer, ranging from 3 to ¢ mm in specimens 37
to 48 mm long, than from anseriform birds, which in specimens 15
to 17 mm long had sheaths up to only 832u long. The sheaths of
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the former specimens appeared to have smaller and more delicate
spines than those of the latter specimens, in contradistinction to
what might be expected of larger specimens. In no case was it pos-
sible to measure the lengih of the spicule.

In view of the difficulty of distinguishing the internal male genital
organs and the finding of intermedinte gradations between the smallest
and the largest and between the most obvious and the most obseurs
of these organs, it was concluded that no differentintion of species
could be made from those characters, in the material at hand, and
that this material must be allocated to €. contorty chiefly on the basis
of external characters.

These conclusions of the writer conform to those of Baylis; as
referred to in the discussion of the genus Capillaria (p. 3).

DISTRIBUTION

North America (United States), South America (Brazil), Europe
(England (Middlesex), France, Germany, Italy, Poland, Switzerland,
Union of Soviet Socialist Republics, and
Yugoslevia), and Asia (Taitwan and

Russian Turkestan).

Outside of the United States, the
records of Capillaria conforta appear
to have heen based for the most part on
o single or & few findings, with the fol-
lewing exceptions: Railliet and Luce
(40, 41} described an epizootic of this
parasite in a flock of domestic ducks,
i, the Department of Loiret, France,
Bkriabin (46) in reporting this parasite

Fiotne 5—Capillarte contorta. Eggs.  1rotn Corvusfrugilegusand Ceoronestated
After Horkhaus, 1935, that, in 1908,100 pereent of the former
bird losts which were examined in the
locality of Aouli¢-ata, Russian Turkestan, were infected with Capil-
larie contorte; the number of birds examined was not given, however,
Korkhaus (28) examined 334 specimens of Corrus corniz and 4 speci-
mens of C. frugilegus, in Germany; in the mucosa of the esophagus
in 104 cases was found a species of Cupilleria which was never found
in other parts of the digestive tract. In 105 of 244 fecal examinations
of these birds there were found eapillarid eggs mesasuring 60y to 70x
long by 26z to 28u wide. Iorkhaus provides illustrations of eggs
{fig. 5) at this point in his report, labeling the iilustrations as Capillaria
contoria, but not giving the specific name in the text.

In the United States the first record of €. contortu appears to have
been that of Rietz (48) in 1924 which is now constdered unreliable, as
it was based entirely on capillarid eggs observed in the droppings of &
chicken. In 1929 Van Roekel (49) reported C. conforie as responsible
for deaths of captive California valley quail in Californin. The
nematode was reported in 1931 by Cram (I6) from game birds in
New York, Pennsylvania, Maryland, and Louisiana, and by Canavan
{9) from the common crow in Pennsylvania, the bird having been in
the Philadelphin Zoolegical Garden for 8 months; in 1932 Beaudette
(6} reported it from bobwhite quail, presumably of New Jersey. A
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record of C. contorta from the small intestine of a pigeon of New York
State, by Gates (21), is considered erroneous, as is also, probably, the
listing of Teframeres americana from the proventriculus of a crow, 1n
the same publication. ) )
Table 1 shows the origin and avidence of pathogenicity of specimens
of C. contorta examined by the writer, from naturally infected cases.

TapLe 1.—Duatn regurding natural cases of Cupillurin conderte infestations
observed by the writer

Infasted blrds ", contorta vallected

Specles

Date

Tlaee

Tiy whom

Evidence
of patho
gonielty

Ring-necked phepsant  (Phnsi-
an Il;a cofchicus torguntux).
Or et tmcmmmmasmanasann
California valley quall {Lophor-
tyx cafifornical.
Pintnll (Dofife aettda) o ceeeen. ...
H*&:fn aripn pmriridge (Perdic por-
£},
Manchurinn pheasant {Crossep-
tilon mrm:‘chﬂricmn%.
CnllfDornia vulley qug
L .
Bobwhite quell (Colinus wirginf
anush
Ruffed Frousu (Boneea umbeling).
Iiobwhite gunil
Californie velley qunii. ...,
Illml:snccked Theasant
o
Turkey (Mclfeagriz gatiopave) .. ..

Aprll 1928

November 1628,
Jnmumry 10200,

Apel 2o
Novemlbwer 1030,

December 1030,

Jnnmnry 102,
: d

do

Oclober 1932,
November 1932,

s el

Nlay 0

Now York

Penasylvania. .
Cullfurnin. ... ..

Louisinna. ...
Pepnsylvania. .

MMaryland

Narih Carolinn
Nu\\('JJursey. .-

Neow York......o....¢
Narth (‘nruliml.| LI Ceine....

[+ SRR A

reinin.....
Murylind

E, . Crom

ey
. Vun Moekel..

E. IL. Cram
1. D, Jones

E. 1 Cram.

B, I, Moore
J.0, Bluek.

1ACAL Allen”

T
Wiseonsln_,....| W. Grungo
October 1933, | V1 ...l E,

B. Cram
d

Posltlve.
Do,
I,
Tio.

1.

Poslilve

Crepon moustuin quail (Oreortypz May and June
picta). 14933,

CLINLCAL SYMPTOMS AND PATHOLOGY

Raillict and Lucet (40) were the first to describe the pathogenic
effects of Capillarie conforta, the worms cousing “indigestion inglu-
vinle”, a type of indigestion resulting from overloading of the crop,
whether the erop be of the nature of a diverticuium, as in Galliformes,
or merely a fusiform distention of the esophagus, as in Anseriformes.
A flock of young ducks, when about 2 months old, were seriously
affected ; their development was arrested, they grew thin, and walking
became painful, with the result that they would fall in epileptiform
crises, uttering faint cries. The birds, although usually droopy,
maintained their appetite fairly well. Later, the feed which was
ingested accumulated in the dilated part of the esophagus, producing
an obstruction. Examination of the birds after death revealed that
the esophagus alone was altered; there was enormous distention and
the walls showed sinuous lines, which under the microscope proved
to be worms and their burrows, full of eggs, encircling the glands, the
number of worms being as many as 30 in a duckling. Tt seemed
evident that the walls of the organ had been rendered inert, with
resulting simple mechanical obstruction; the latter, however, by
causing pressure on the pneumogastric nerve, was thoughs to have
led to asphyxiation. Only Pekin ducklings were affected ; wild ducks
and domestie ducks (mal?;u'ds?) being reared on the same premises
escaped for 2 successive years. The third year, after removal of all
Pekin ducks, 2 out of 30 domestic ducks were affected. It was
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concluded, therefore, that the race and sge of the ducks might con-
stitute a predisposition to this parasitic infestation.

Symptoms which havs been associated with similar infestations in
North American galifform and anseriform birds conform generelly

B -—— i
. . : - v .

" - LR T . [

Figure g.—YSection of crop of bubwhite guall, showing Cupitfarin contorte aad tlamage produced by it
Experintental inlestation: A, ¥ 45 £, % 2I0.

to those just described, except that sccumulation of feed in the crop,
with the possibility of resulting pressure on the pneumogsstric nerve,
has not been consistently present, so that some other explanation of
the ultimate cause of death scemed necessary. Muscular incoordina-
tion, leg weskness, and symptoms “like those of limberneck in
chickens’ have been noted preceding deathy; in a fow cases, however,
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deaths were sudden, without any symptoms having been noted and
the birds being in good flesh at the time. High mortality has resulted
from infestations among wild ducks, among galliform game birds
being reared in captivity, and among domestic turkeys; bacteriological
examinations of the majority of the birds failed to show any other
pathogenic agent. In the ducks the number of worms was 25 to 35,
approximately that found by Railliet and Lucet, and slight thickening
and inflammation of the esophageal wall were the only noticeable
chenges. In galliform birds, however, the infestations bave fre-
quently appeared much more severe, the worms heing more numerous
and marked thickening of the wall being present, often with a
flocculent eatarrhal exudate covering the mucosa, and with more or
less sloughing of the mucosa; degenerated blood pigment indicated
earlier hemorrhages.

As regards microseopic pathology, the following observations have
been made on experimentally produced infestations: In a nonfatal
case of comparatively long standing (S0 days) in a turkey (see
turkey B, Life History, p. 17), only slight lesions were present in
connection with invasion of the erop wall; there was a slight
connective-tissue formation immediately surrounding the areas con-
taining the worms or worn egys, with occeasional smuall focl of necrosis
of the epithelinl cells in these ..as. On the other hand, in a fatal
acute cnse of 48 days’ duration in a bobwhite quail (see bobwhite
quail B, Life History, p. 17), the lesions (fig. 6) were extensive, as
was to be expected from the macroscopic appearance which was that
described for this bird under Life History. Alarked necrosis of the
epithelium, with extensive sloughing of the inner portions, was
present; thin conneetive-tissue capsules surrounded the areas con-
taining the worms or their cggs. There was extensive cellular
infiltratien, consisting mostly of I[ymphocytes and large nononuclear
leucocytes. The lesions in some portions extended Into the sub-
mucosh and even into the circular muscle layer,

It appearsfrom these observations that C. eonforte causes a catarrhal
inflammation, with subsequent sloughing of necrotic epithelium,
whereas . annulate (p. 6) causes the formation of a eroupous or
diphtheritic membrane made up of fibrin and the necrotic tissue.

LIFE HISTORY
DEVELOPMMENT QF EGGS OUTSIDE BIRD 1IOST

The only observations on the life history of Camllaric contorta
appear to be those made hy the present writer. Railliet and
Lucet {(41) attempted to determine the process but were unsuccessful,
They did not find cggs in the intestinal contents of infected birds;
consequently they were at a logs to know how the ezgs were liberated
from the galleries in the esophagenl wall, and they suggested that
decomposition of the cadaver of the host might be necessary to free
the eggs. The writer is of the opinion that the young ducklings
handled by Railliet snd Lucet died from such acute cases of infesta-
tion, of comparatively short duration, that discharge of the eggs
through the openings of the glands eor ithrough abrasions in the
esophrgeal wall bad not yet taken place. In the writer’s experience
eges have heen found abunduntly in droppings from infected birds.
Raillict and Lucet stated that early segmentation occurred in the
eggs while they were in the esophageal wail; their removal to a humid
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chamber in an incubator, & method which these workers had used suc-
cessfully for other namatodes, did net result in further development.

The present writer has observed development of the eggs of (.
contorta, procured either from passed droppings, intestinal or crop
contents, or directly from {he galleries in the esophageal wall. The
cytoplasm of the eggs has slways appeared unsegmented when they
were deposited, but cleavage soon began, under favorable conditions
of temperature, moisture, and oxygen supply. The following notes
were made on cultures of eggs in a shallow lnyer of tap water, held
af room temperature.

Quail strain T {Oefober). After 5 days, two- to four-cell slage; after 8 days,
moryia with large blastomeres; after 12 days, morula with sinall blastomeres:
after 19 days, very early vermiform stage; after 35 days, well-developed ver-
miform embryo.

Quail strain IT (April). After 28 days, early vermiform siage; after 35 days,
well-developed vermiform embryo.

'l;)urkey straly {October). After 27 to 37 days, well-developed vermiform
embryo.

Pheasant strain (April). After 28 days, early vermiform stage; after 40 days,
well-developed vermiform embryo. The embryos remained alive and proved
infective when fed to birds after 11 manths, the culture having become so dry
at times it was feared the cibryos had been killed; considerable resistance ta
drying is thus indicated.

DEVELOGIMENT OF CAPILLARIA CONTORTA WETHIY BIRD HOST

Infestations with C. contorte have been produced experimentally by
the writer in six turkeys, two bobwhite quail, and, probably as &
result of the experimental feeding, in two ducks., The turkeys and
quail had been hatched in incubators, reared in electrically heated
breoders, and carefully protected from acquiring any parasitic infes-
tation other than that artificielly introduced; no spontanccus cases
of parasitisn: were ever eneountered.  The young ducks were obtained
from a market and were held from 114 to 6 months, with repenicd
examinations of the droppings, to make sure that they were parasite-
iree before artificial infection was attempted. In no case hiave the
eight ducks thus procured and handled shown any infestation other
than that corresponding to cultures experimentally fed. However,
the finding of three specimens of (' contorfa in & control duck which
was being held with an artificially infected duck, ns noted later,
prevents the records for the ducks being as reliabie ns those for the
turkeys and quail, the controls in these cases being uniformly free
from C. contorta. infestation.

These positive experimental findings are summarized as follows:

Bobwhite quail A {adult). Febrnary 26, 1929, fod eges of €, conforfa obtained
from pheasant Aprit 2, 1928, Feeal examnination of quail April 12, 1620—many
Cupilluria eggs present. Bird killed Apeil 19; neecopsy findings-~leavy infesta-
tion of esophagus, including crop, with €\ contoru. Kix eountrol guail negative.

Ducks, 2 Peking (youug). Purchased early in Feleuary 1928; fecal examinations
made on February 14 and 26, Muarch 21 and 26—negalive. Muareh 26—-1
duck {A) fed egus of UL contarte obtained from pheusant (same souree ns eges fed
to hobwhite quail AY; other duek (13) held i same pen as control.  Freal examina-
tion of duek A, May 11---Capillarin eggs present,  Dueks killed on same day;
necropsy findings—duck A, nuwmcrous specimens of C. comtorfa in esophagus;
duck B, three specimens of €. contoria in esophagus,

As noted in the previous discussion, the presence of C. contorta
in the control duck raises u question as to the infestations being of
experimental origin,  In view of the following facts, namely, that
C. contorte has never been found in domestic ducks in this vicinity
or any other part of this country, that the ducks hud been held in
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confinement for 40 to 50 days before the experimental feeding was
msade and repesated fecal examinations during that period had been
negative, nncrl) that the control duck ate snd drank from the same
vessels as the experimentally fed duck, the evidence appears to be
good, salthough not entirely conclusive, that the few specimens of
C. contorte in the control duck represented an accidental infection
of the same source, that is, the culture of the pheasant strain, as the
comperatively Leavy infestation in the other duck; regurgitation of &
small quantity of ‘iya?:e culture by duck A, soon after feeding, might
easily have led to contamination of the feed or water,

Turkey A (adult). January 19, 1931, fed C. conlorta eggs obtained from hob-
white gquail October 31, 1930, Turkey kitled May 2—a few spoeimens of .
gontoria In esophagus,

Turkey B (adult). November 21, 1933, fod C. coniorie eggs obtained from crop
of turkey October 6. Pecal examination January 31, 1934—many Capillaria cpgs
present. Turkey killed February 9—C. conforfe fzirly numerous in esophagus;
as regards distribution, the worms occurred throughout the entire length of
esophagus, from the urcs just posterior to the mouth down to the proventrieulus.
Nine worms extracted from the anterior slendor pard of esuphagus and 44 worms
from the posterier slender purt; of the latter, about half the number were con-
cenirated in the ares just anterior to the proventriculus, o thickened ring of mu-
cosa resulting, SBevera] times as many worms noted in crop as in slender portions
of esophagus. Males about 35 nun long; females 70 to $0 mm long and, eithough
gravid, the eggs in uteri were fewer in number and the body consequently more
slender than in females collected from seme natural infestutions, so that it was
conciuded that the wormus had not reachod complete development. (Sec para-
graph on the mnicroscopic pathology of this bird, p. 15.)

Turkey O (adualt). May 2, 1934, fed C. contoria eggs obtained from droppings
of turkey B on February 5. Turkey killed June 25—, conlorta numerous iu erop;
thickening of mucoss in greas where worms were lovsted; tunncls with cggs,
leading to surface apparently at glaud openings,

Turkey D (adult). May 2, 1934, fed C. conlorta cggs obtained from droppings
of turkey B on February 8. Feeal examination June 26—many Capilleria cggs
present. Turkey killed June 80—C. soniorta fairly numerous in csophagus.

Tuarkey E (young; hatebed July 18). August 8, 1834, fed C. conloria eggs
oblained from mountain quail May 9. Duritg latter part of Septenber, turkey
beeame lame; Oetober 1, prostrate, too wesk tu stand; fees! examination—
numercus Capillarie eggs present. Turkey died Jctober 23 neeropsy—0C.
conforta numerons, mostly in erop, a few in undilated esophagus,  MMales 38 to 42
mm long; females about 98 mm long. Crop wall thickened; blood vessels all
cngorged. Catarrhal inflanumnation of niucoss.

Turkey F {young; hatched July 18). August 9, 1934, fed C. conlorla eggs
obtained from mouniain quail Junc 4. October I, feeal examination—Capillarta
eggs fairly numerous. Turkey killed October i2; necropsy—C. conlorla fairly
numerous; findings similar {o those on turkey IZ, but infestution not so severein
turkey I7

Bobwhile guail B {young; hatehed July 2). August 9, 1934, fed cpgs of C.
contoria obbained from mounlain quail May 9 (same culfure as turkey E).
Seplember 26, quail very droopy, feathers ruffed; feeal examination—many
Capillaria cggs present. Quail dicd September 27; nceropsy—Dlood vessels of
connective tivsues of outer surface of esophagns all highly engorged. Wall of
esophagus thickened, inclastic; catarrhal inflrmmation of mucose; areas of slough-
ing of mucosa; tunnels with wors and their eggs appear as dense network.
€. contorta numerous, distributed from the very upper to the very lower end of
esophagus. AMales 42 mm long; femeles, length undeterinined as no eomplete
specimens could be extracted. Intestinal contents menger, stained green black
with bile. (Sce paragruph on microscopic pathology of this bird, p. 18.)

In addition to the foregoing experiments, in which artificial infesta-
tions with C. contorfa were successfully produced, & considerable num-
ber of similar fecding experiments gave negative results. Table 2
summaerizes the lntter and shows thelr relption to the experiments
previously reported,
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TavrLe 2.—Resulls of ellempied experimenial Lranamission of Cepillarin conloria

Experimental hirds

Source of parasite
wNuin- Stopa of

Specles ber | develapment

Hobw hite qunil R Adult 0.
Chicken ' i : N%;nr.ivu.

eofchicts forguatiza),

ting-necked pheasant (Phesdanna {Pekin duek, .o.e.o.. Young- i Positive.

Lobwhite quall {Colinus rirgininnus). () - ' 0.
L R { Tur - A Positive.
; . .t Negatlve.
Manchurian ph L {Cr . I
mandchuricun), 1
Crlifornin valley qnoil {Lophariyr | [Guine{\ fow],
californical. Cl
Rufled grouse (Honasa vabellius}.....

o[ Dapk {cro cin

Turkey {Meleagris yntlopared......._ ) smcd Mallard). b
: . 0,

.. Positive,

. Negative.
Do,

——— g T m B =

193 | Turkes B {post-moriem  enliures
frotz crop).

1034 | Tarkey 1Mo

Guines fowl.
Chicken

Gulnen fowl. ..
Turkeys E and
Tohwhite guoil 1i...
W3 | Turkey Pl iven et PlERORL e
1934 | Bobwhite qanil BL o o ..., ._._‘i‘__-.dn_u.

\ Dimails for this bird are reproriad on . 17,

1934 | Oregon mountain quall {Qreoripr
picda),

o,
Al oo 1 Negative,
Fadnit, | youmg | Do,

e LY = D pG AR IS

As noted in table 2, one duck, two hobwhite quuail, and five turkeys
wera successfully infected. No chickens, guinea fowls, pigeons, or
the one erow were infected.

Attempts to observe the early stages of the invasion of Capillaria
conforta in the esophagenl wall were unsuceessful ;inctuded in the nega-
tive results in table 2 are several such eases. Prolonged microscopi-
cal search of the esophagus of » turkey, killed 9 days after the feeding
of C. contorta eggs, failed to bring to light young eapillarids, although
from another turkey (turkey I}) {fed the same culture at the same time
there were collected at a considerably later date fairly large numbers
of C. contortn. Similarly, s microscopical search of n turkey 22 days
after feeding failed to show infestation. In a young pigeon, the last
one Included in table 2, embryonated eges of . conforta were found
to have passed through the digestive tract unhatched; the bird was
killed 28 hours leter, and search of the entire digestive tract failed to
reveal larvae of this parasite. Additional and more critical studies
are needed before negative resulis can be interpreted. It must be
kept in mind that on the one hand the development of the embryos
within the egas of C.contorta may not have been normal or complete
for infectivity, and that on the other hand experimental birds, reared
under the most favorable conditions, such as 1solation {rom sources of
infection and provision of strict sanitation, optimum temperature, and
plentiful and well-balanced feed, may be less susceptible to infection
than birds reared under conditions that tend to lower the birds’
resistance. On the other hand, in view of the recent discovery of
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Welir (see p. 7) that . enmulate is transmitted by earthworms,
these annelids should be looked upon with suspicion as possibly
serving as facultative intermediate hosts for C. contoria, in which
case the infectivity of the larvae might be influenced as it is in the
case of Syngamus trachea of wild and domestic birds.

CONTROL

No medicinal treatment for the removal of Capillaria contorta is
known; the usual location of the nematodes, in galleries within the
wall of the esophagus, protects them from contact with drugs admin-
istered by mouth, so that removal or kulling of the worms in situ would
be a difficult matter. At present, nursing treatment alone may be
recommended for clinical cases, and stringent preventive measures
for the protection of other birds which huve been, or are to be, on
infected premises. Such measures include isolation of young birds
from adult birds or areas ranged by them and from wild birds which
may be the source of infection; the provision of soft, easily dizested
feed in sanitary containers which prevent contamination, similar con-
tainers plso being used for the water supply; the draining and drying
of damp or swampy arcas; and rotation of runs, with the seraping off
of the contaminated surface and the sowing of green feed in runs
while nof i use.

CAPILLARIA CHARADRII (RUDOLPHI, 181%) TRAVASSOS, 1915

Synonym—~—Trickosoma charadrii Rudolphi, 1819,
Rudolphi (44) listed this nematode under *Specics dubiae”, as

follows: “Trichosornn Charadrii. Hab. inter Charadrii minoris et
Himanfopodis tunicas ventriculi, Cat. Ent. V. msept.”” — Later
authers listed with this specific name hairworms from_the following
hosts: Aegialitis minor, Charadrius dubius (syn., Aegidlitis dubia}, C.
Iiatieula, and Iimantopus himantopus (syn., H. melanoplerus).

Travassos (48) pointed out that this specific name is & nomen nudum;
it is thus an unrecognizable species. However, given the original host
species and location, this name would be available for an undescribed
capillarid from such hosts and location if anyone describing the nema-
tode wished to attach Rudolphi’s name to it.

CAPILLARIA CORVICULA {WASSILKOWA, 1930) BAYLIS, 1931

Synonym.—~—Eucalens corvicile Wassilkown, 1030,

Fosts —Passeriformes: Coloens monedula (syn,, Corvis moneduay, Corvns cornir,
Garrnlng glindarivs, Pica pice.

Location.—Esophagus.

Description of parasite—~~Copitlarie {p. 23: Culienlar hands, covered with small
verrucous projections, casily visible in hoth stxes.

Male body fililorm and fransparent, 12.77 1o 15.63 nm long, with maxinwn
width 100x. Lsophagus 410x to 480x long. Tauil end barsalike, arnned with
two large papillae.  Spicule ghealh 4204 to 320 lung, provided with sl spines
irregularly srranged alang its course; spines on proxhnal extremily smaller and
more serrate, followed by Inrger but less serrate spinces, followed by spines inerens-
ing in number considerably in properiion to their dimninishing and insiguificant
size at the distal extremity. Width ef sheuth also varying—200g to 2404 at
proximal, and 120g at distal, end; sheath eontructed to Su in region of few spines
(that is, proximal part?). Spicule lncking.

Female yellowish, 14.16 to 18,57 mm long, with maximum width 150z, Esoph-
agus 3.95 to 4.82 mm loug.  Vulva one-lhird of hody lengih, or 4.07 to 5.34
mm, from anterior end. Thil end fairly wide, anined with conical pepillac; anus
terminal. Iiggs typically barrel shuped, 60u by 304
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Distribution.—Europe (Union of Soviet Socialist Republies {8évéro-Dvinsk))
and Asia (Union of Soviet Socialist Republies (Armeniz))., The oniy report of
this species is that given by Wassilkowsa (in Wassilkowa
nnd Gouchanskajn (513).
Pathology.—Unknown.
Life kistory.~Unknown; probably shmilar in o general
way to that of C. contorta {p. 15).

CAPILLARIA CYLINDRICA (EBERTH, 1863)
TRAVASSO0S, 1915

Symonym,—Trichosoma cyltndricum Fberth, 1863,

Hosts —Aceipitriformes: Buleo buleo (syn., Buteo vul-
guris, Faleo buleo).

Lacation.—Esophagus,

Description of paresite—Cuapillaria {p. 2): Male un-
kunown, Female, only speeimen not fully developed—61nm
fong by 54p wide in posterior part of body. Body almost
cgunlly wide throughout, except for narrower tail end.
Cuticle smooth; two Iateral bands with bacillary mark--
ings, each about onc-third body width., Vulva slightly
posterior to origin of intestine, with a large bell-shaped
{(almoss balleon-shaped, according to fig. 7} appendix pro-
truding from opening.

Eberth (20) placed this description of his new
species divectly after that ol (. dispar (see below)
from the same host, placing his new species under
n heading of Doubtiul Species (Zweifelhafte
Arten),

Distribution.—Not given (Burope?).
Pathology end life history.—Unknown.

CAPILLARIA DISPAR (DUJARDIN, 1845)

FIGURR T.— Cupiliuria cylin- TRAVASSOS, 1915
drice.  Neplon of vuiva:d, . R
Entersi haml; ¢, ghned; b, Synonyms.—Trichosoma conforinm Creplin, 1839, of

}5‘:.,{;" After Eherth,  Dujardin, 1843; T. dispar Dujardin, 1845; Thominz dispar
: (Dujardin, 18435 Travassos, 1815,
Hosts —Accipitriformes: Buteo butes {Syn., Buleo vulgaris) und Falco subbuteo.
Location.—Tougue, pharyny, and esophagus.
Description of parasite—Cuaptliaria {p. 2): Longitudinal bacillary bands pre-
sent; aceording to KEberth (26), a ventral hand
ahout one-fifth diameter of body and lateral bands
sbout one-half dimneter of body, as shown in figure
8; aceording to Dujardin (19}, also s dorsal band
on anterior part of bady. .
BMale posterior end of body enlarged, with a
round superficial elevation on cither side of clonenl
opening,  Spicule sheath with sharp antcriorly
directed spines; spicule not observed.
Femele abont 20 mm long, according to Briill
(8). Posterior part of body greatly swollen, nar-
rowed toward the bluant teil end; anug somewhat
ventral. Vulva (fg. 9) not prominent, round, sit-
uated at beginning of intestive.
Distribution—Europe {France and Germany).

Clinical symptoms and puthology. —Brilll FiGrue 8--Copiieria dipa Wiy
{8) reported severs infestation of a pussenger  ventral band,” Afer Eberth, 18630
falcon {Wanderialk). The bird was appar- )
ently about 5 years old, judging from its feather coat; it had been in
captivity for about 5 wecks, at first enting well but later refusing food.
Loss of weight followed, so that at the time of death it weighed

Fisvnke S.—LCapilierin dispar. Cross
gy
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only 450 g whereas the normal weight would have been 750 to 800 g.
Necropsy revealed that the tongue and the pharyngesl region were
swollen as the result of ihe presence of a large number of nematodes,
identified as Capillaria dispar, which had burrowed into the mucoss
of these regions and of the esophagus. Purulent masses obstructed
the passageway into the esophagus, as they protruded from the poste-
rior border of the tongue. Sections of this ares showed that in

atches the epithelium was completely destroyed so that the under-
ying connective tissue was exposed; necrotic tissue, loosened, formed
the [umpy masses. Between the remaining patches ol epithelium
were zones rich in nuclei, with abundant leuco-
cytes, & picture of the reaction of the mucoss
to destruction. The blood vessels were dis-
tended; red blood cells were free in the tissue;
& layer of fibrin covered the neerotic mucosa.
Deeper layers {connective tissue and muscula-
ture) were notinvaded by the worms but showed
infiltration with leucoeytes, Worm eggs were
numercus in the mnsses of destroyed tissue
and also in the remaining epithelium,

Life history—Unknown; probably similur in a gen-
eral way to that of C. conforta {p. 15},
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CAPILLARIA LARICOLA (WASSILKOWA, 1930)
BAYLIS, 1331

Synonpin—Fucoleus loricole Wassiltkowsn, 1030,

FHasts —Charadriiformes: HHydrochelidon wigra, Larus
argertatus, L. canws, L. ridibundus, Sterna hirunde.

Laocation —DLsophagus.

Deseriplion of paresite—Cepillarin {p. 2): Body
filiform. Caticnlar bands, verrucous, conspicuous in
female, less casily seen in male.

Male 10.37 to 13.14 mm long by 89 wide at cquator
of body. Esophagus 2.54 to 3.38 mm long. Tail end
with lohular cuticular projoctions, two pairs on anterior
side and one pair on post: lor side, cach armed with &
pair of papillae and the whole hidden by a bell-shuped
bursal structure. Spicule lacking, Spicule sheath 463
to 593p long; along its whole length, small spincs, sh-
tusc and short at proximal extremity, pointed and 1y
long colsewhere. Spines serrafe on anterior third of
sheath; less serrate and their distribulion wove regular
on the other two-thirds, Sheath 1204 to 2004 wide at
proximal end; dorsal (distei?) end slightly attenuaied. Fiivne 9.—Cupitfarin dispar.

Female 14.62 to 17.48 mun in length by 129 in max- f,‘”‘f.il';ﬁ,lﬂf t.‘,;“'tfi,‘l’“‘;;ﬂ”,'}::}?;
imum width. Xsophuges 3.05to 3.88 mm long. Vulvit  Zfer leheeth, 1505
in anterior third of body, ifs orifice swollen and sim-
wating lipg.  Anus terminal. Lgps 56z to 60x by 24p to 28,

Distribution.—Asia (Union of Soviet Soeinlist Republies (Siberind).

Pathology—Unknown.

Life history.~Unknown; probably similar in a geueral way to that of €,
contorta (p. 15).
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CAPILLARIA LOPHORTYGIS BAYLIS, 1934

Heost —Gelliformes: Lephoriyz californica.

Location.—Crop.

Deseription of parasite—Capillaric {p. 23;  Cuticle, atb least townrd extrom-
ities, with fine transverse stristions; hacillary bands present, Posterior portion
of esephagus composed of very large cells, up to 4004 long,
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Muale 28 to 30 mm in length by 80u to 90z in maximum width. Esophagus
5.8 to 6.5 mm long. Tail end (fig. 10) with two pairs of papillae, a small preanal
and a larger postanal papilla on each side. Spicule sheath ot seen extruded;
its hinder portion, in inverted eondition, lined with very minufe spines. Spicule
apparently lacking. -

emale 37 t0 39 mm in length by 160g to 170s in maximum width, Esophagus
7.7 to 8.8 mm long. Rectum 200u to 300z long. Vulva at level 150p to 200u
. behind junction of esophagus and inteatine. Fggs averaging 45p by 224, very
uniform in size when fully fortned; shell thick, apparently
gparsaly punctate.
Distribution.——Australia (in bird imported from America).
Patitology.—Unknown.
Life history anrd control.—Unknown; probably similar in a
general way to those of C. conforta (pp. 15, 19).

Although agreeing with the general principle that
it is better to make o new species than to confuse the
records by inclusion in them of misidentified species,
the writer feels that C. lophortygis is not sufficiently
well differentiated to establish it as a valid species.
The only churacter specified by Baylis’ (§) deseription
by which it can be separated from (. conforfa is the
apparent absence of a spicule in C. lophortygis, which
according to Baylis (4) himself, as noted on page 3,
and according to the writer’s observations in connec-

Fione 10.— cepit-  tion with O. contorte (p. 12),1s not convincing evidence.
faria lopheryoie. Qinee (. conlorfe has a wide host range, including a

vinw, showlnz pa- number of Galliformes, the writer believes that C.
illae. After Bay-

is, 1034, lophortygis will prove to be a synonym of C. contorta.

CAPILLARIA OBTUSIUSCULA (RUDOLPHI, 1819) TRAVASSOS, 1315

Synongm.—Trichosoma oblusiusculum Rudolphi, 1819,
Hosts—Baleariciformes: Megalornis grus (syn., Arden grus, Grus grus).
Charadriiformes: Vanellus vanellus (syn., V. cristaius),
Location,—Gizzard, hetween the corneous and muscular Jayers of wall, and,
according to Diesing (18), in intestine also.,
Description of purasite.—Capillarie (p. 2):
Male with spicule sheath G00g long, swollen and doubled at ex-
tremity (fig. 11); Dujardin {19) comments that this illustration by
Mehlis (33% indicates that the nematode belongs to another genus,
a suggestion with which the author cannot agree as it appears
posaible for the spicnle sheath of any species of Capillaria to assume
thiz general appearance when extruded; sheath unarmed, aceord-
ing to Dicsing (48, v. 2). Spicule 800u long, recurved.
Female 27 to 40 mm long. Vulva situated toward first fifth of
body length; tail end somewhat obtuse, recurved. FIGuRE 11—Ca-
Distribution.—Evrope (Austria (Vienna Museum)). pillaric oblush
Puothology—Unknown, and spicule
Life history,—Unknowt; probably similar in a general way to  Sheath, evert-

that of (. condorta, p. 15. f,ﬂ; Adter Meh-

CAPILLARIA PERFORANS KOTLAN AND OROSZ, 1931+

Host.—Gallilormes: Meleagris gallopavo.

Location.—Esophagus, including crogps, under mncosn.

Deseription of parasite—Capillaria (p. 2): Posterior end of body of increasing
thickness until 5 mn from tail end, after which point gradually narrowing; the
lagt 400g of length suddenly narrower, comiong fo a point at end. Cuticle with
both longitudinal and transverse strintions, the longiludinal ones 2u to 2.5a,
and the transverse ones 3y, distant from one another. Longitudinal bands also

t Deseription by Orosz (39 transtated from the Woggarian with Lhe old of F, A, Csooka, Buresu of
Chetnistry pod Sofls, U, 5. Deporttuent of Apeleulture.
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present, extending from head end to tail end, with merkings made up of polyg-
onal cells; in middle of each cell o small attachment, the Tundus of this facing
the cell and the other end toward or in cuticle. Esophagus eomparatively short.

Male 37 to 44 mum long (nverage 39.6 mm). Width at head end, 1243 2 mm
from head end, 60u; ab end of esophagus, T5u; 2 mm from tail end, 92e: ab tail
end, 30u. Laleral {?) longitudinal band af end of csophagus, 30x wide, thus
one-half body width; posterior to this point the band becoming narrower, at tail
end being 11u, or one-fifth body width, Esoplagus 7.35to 8.30 mm long {average,
7.76 mmy}, thus one-fifth to onv-sixth body lengtl.  Pear-shaped cull at posterior
end of esophagus, narrower than in corresponding structure in female,  Tail end
with two outstanding dorsoluteral prowminences, touching eneh oither dorsally,
on which two cireular dorsal projections or outgrowlhs, measuring 14u to 184 in
diameter, and with a Hutfer ventral pronvinence not extending so far posteriorly
as the others.  Spicule sheath usually drawn into body, 11g o 124 wide through-
out most of its lenptly; eandal end noiched at cdpe; on the surface thornlike
spines, lg long, generzliy direcfed toward hewsd, noé arranpged in any or{icrlr
fushion, the largest number and largest in size oceurring about 1204 from end,
posterior to that point rare, and ond apparently eafively devoid of them.  Spicule
14 to 16 mun Jong by 1p to 2p wide, ending in fine peint, extruded belween dorso-
lateral prominences, supported by the veniral prominence,

Female 50 to 86 mm long (nverage, 70.8 nun).  Width ab head end, 1453 2 mimn
from heud end, 71x; ot level of valva, 12045 5 mm from tuil end, 1774; 2 mm from
tail end, 174x; at tail end, 35z,  Lateral () lengitudinal bands very wide, front
{dorsal) band tuking up from the entire widih to one-sixteenth of width (eorrect
traaslation?). Bsophagus 6.9 1o 11.76 nun long {average, 10.52 mm), thus one-
seventh body length, A pear-shaped cell, aboub 704 lonyg, posterior to cells of
esophagus; csophugus with an cextension 504 to 70 (long?) st junction with
intestine. Anusdircetly at end and exaetly in centor of body,  Vulva in anterior
part of body, 100z fo 120 pusterior to end of esophagus, thus about one-seventh
total body lenpgth from head end; projecting very slightiv above surfare of hody;
opening cireular, 17x wide, direeled slighily anieriorly. Uterus 40p thick at
origin, uneven, crossing intestine several times; its wull, 1l 1hick at origin,
attaining thickness of 21y, Eggs 414 (o 51g by 21z {o 254, placed singly for a
considerable distance, laler in several rows, in no npperent order, pule vellow
in color, slender, with no earlike projections but with relatively very small phigs.

Distribution.—EBurope (Hungary).

Pathology—The nematodes were found by Kotlin and Orosz (29)
in only one turkey; there were 13 females and 1 ¢ males, and considera-
ble pathological change hind taken place in the muecosa.

Lafe history and control—Unknown; probably similar in & general
way to those of C. contorta (pp. 15, 19).

As noted in the discussion of C. eontorta (p. 11), the length of the
spicule of C. perforans is at present the principal charsefer differ-
entiating these two species and, In view of the prucity of data on the
length of the spicule of C. contorte and the difficulty of determining
the same, the writer fecls that the validity of C. perforans has not
been established. The possibility that it 1s a synonym is noted for
further consideration.

CAPILLARIA TRILOBA (LINSTOW, 1875 TRAYASSOS, 1815

Synonyms —Trichosomn trilobnm Linstow, 1875; Thominz triloba (Linstow,
18758) Travassos, 1813,

Host.—Charadriiformes: Vanellus vancltis (syn., V. eristalns),

Location—Gizzard, wder corneons lining,

Deseriplion of parasite—Cuapiflarie {p. 2j: Longiudinal bunds present;
dorsal band wide, eloven-fifteenths of body width; veniral band narrow, five-
eighteenths of body width; no Jateral bauds observed.  Bacillary cells very
thickly arrunged on dersal band, with a glistening middie point in 2 eireular out-
line of ench, on the cuticle; in veutrnl band, bacillary cells fess numerous, their .
poinis in the cuticle mueh finer and without surrounding cirele,

Mafe 8.7 mm in length by 60p in greatest width,  Ratio of ength of csophageal
fo postesophageal portion of body, 1:3. Tail end rounded ventrally, with two
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smsali rounded lnterzl lobes (fip. 12), each currying i small papilla. Spicule
sl;)eath, ciin retracted condition, 430x long, thickly covered with spines; spicule not
obgerved.

Female 23 mun in length by 120p in grostest width, Ratio of length of esophag-
enl to postesophagenl portion of body, 7:26, Vulva 20C; posterior $o end of
esophagus, Eges 70u to 7dx by 29 5o 31,

Distribution and incidence—Lurope {Germany {Hameln)) and Asin (Union of
Soviet SBocialist Republies (Russinn Turkestan (Aoulié-sls))). Skrjabin (48)
found this speeies in 8 of 13 bivds, or 62 percent, in the lufler aren.

FPathology.—Unknown; Linstow (50) found muasses of the nemutodes under the
gizzard lining,

Life history.—Unknown; probably similnr in o genceral way to that of O, con-
{orig {p, 15).
SUMMARY

The status of present knowlodge of 11 avian species of Capillaria,
ocowrTing in paris of the digestive tract anterior to the intestines, is
considered. One species, C. charadrii, is & nomen nudum and, there-
{ore, um‘ecagni?.nbfc. A morphologieal deseription of each of the
other 10 species is given, The writer has concluded thut external
charneters rather than an internal character, suech as
the spicule, are of primuwy impoertance in the recogni-
tion of O, contorta, and on that basis has allocated
as that species a eapillarid found by her in the
esophagus, including the erop, ¢f a cousiderable
number of gallinnceous, and & few anseriform, birds.

. _ Tt is pointed out that the present descriptions of two
ookt e Qi recently created species, C. lophortygis and C. perforans,
wil. Adler Lin- gre inadequate for satisfactory differentiation of them

T from (. eontorta.

Three species, namely, {. annulata, C. contorta, snd €, dispar, ave
known te produce severe patholegienl effects, which are described.
Of these species, the first two have appeared to be of inereasing eco-
nomic importance m poultry and game birds in the United States
during the pust decade.  Attempis to produce artificial infestations
with C. annudate were unsuccessful, but experimental proof of the
complete life cycle of €. conforte was obtained.  Vermiform embryos
in the eggs in cultures nppeared to be fully developed in 27 to 40 days.
Their infectivity was demonstrated as early ns 46 days and as late as
11 months after culturing; complete development in the bird host,
with the capillurid eggs passing in the droppings, occurred in 45 to
54 days. Six turkeys and two bobwhite queail were experimentally
infected in such well-controlled experiments that no doubt existed as
to the origin of the parasites; the cultures used {or these experiments
ineluded strains of ¢ conforte from the bobwlite quail, mountain

unil, ring-necked pheasant, and turkey. In addition, specimens of
g’. eontorte from a domestic duck, a young Pekin, were thought to
have developed as the result of an artificial feeding with a culture of
the pheasant strain, sithough the presence of a fow specimens of the
parasite in a control duck raised the question as to the origin of the
infestations. Later attempis to infeet ducks were unsuccessful,
possibly due to the age or race of the birds used; negative results were
obtained also In several cases with turkeys. Only negative results
followed repeated attempts to infect chickens, guinen fowls, and
pigeons, and a single attempt to infect & crow.
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