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INTRODUCTION

There has been a dearth of information on the biclogy of nematodes
of the genus Capillaria, as well as on the effects of these parasites on
their hosts. Thespecies . columbae, discussed in this bulletin, has
been responsible f¢r deaths among pigeons in Europe. In view of the
increasing import4nce of pigeon raising in the United States, experi-
menfs were condupted to obtain fundamental information that might
lea, the formplation of satisfagtory control measures. Ixperi-
mend% were also Jonducted to determine the fransmissibility of the
paragites to chichens and turkeys under natural conditions. The
date.optained as 4 result of these investigations, together with indi-
cated gontrol mea.jures, are presented in this bulletin.

5’: REVIEW OF LITERATURE

Capillaria columbae wos first deseribed, in 1819, under the name
Trichosoma columbae, by Rudolphi (12),? who states that he obtained
specimens from the large intestine of the pigeon (Columbae domesticae).

L Submitted for publieation December 1, 1038,
1 Itallc numbers I parentheses refer to Litoratore Olted, p. 58,
123675—8¢—1
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Eber (2) and Schlegel (I3) reported Trichosoma tenuissimun (syno-
nym of Capillariz columbae) a8 heing the cavse of & number of deaths
among pigeons In Europe. In the course of necropsies on parasitized
pigeons, these authors observed that an intensive intestinal inflamma-
tory condition developed as a result of a heavy infestation with
C. columbae. Eber (2) further reported that the entire intestinal
mucosa was swollen and destroved, and that, in severe cases, masses of
the sloughed mucosa sometimes blocked the luraen of the large in-
testine 80 completely as to cause the retention of large quantities of
fluid in the posterior part of the small intestine.

Levine (8) reported having successfully produced heavy infestations
with C. ¢ol.. mbae in chickens by the direct feeding of the infective eggs.
Eber definitely showed that this parasite wns pathogenic to chickens
and that heavy infestations in these birds caused loss of weight,
emaciation, and death. Definite lesions consisting of a entarrhal
enteritis with desquamation of the intesiinal epitheliumm were re-
corded by this author, who found also that pigeons becamne infested
with this parasite through the ingestion of contaminated feed and
water. He suggested that the droppings be collected daily and either
burned or buried deeply as & possible control measure.

Graybill (3) reported finding specimens of this parasite in the
chicken and the turkey. Sluhbs and Crawley (168) reported speci-
mens of an undetermined specics of capillarid {rom the intestines of
three young White Wiandotte chickens that had been brought to
their laboratory for eximination. According to these authors, the
females of this worm varied in length from 11 to 13 mm. and the eggs
measured 45y by 25z, 1t is not possible to determine from thetr
report whether the worins reported by them were C. columbae, but
the length of the females and the size of the eggs suggest that the
species 1avolved was probably (. columbae.

DISTRIBUTION AND HOSTS

Capillaria colymbae was fArst reported by Rudolphi {72} from the
large intestine of the domestic pigeon in Burope. This parasite has
since been reported from the same host species in Australia, Brazil,
Canada, Ceylon, Cuba, France, Hungary, Ireland, Yugoslavia, Scot-
land, and United States,

Although normally a parasite of the small infestine of the domestic
pigeon (Columba liwia domestica) and the wild pigeon (C. livia),
Capillarta enlumbae has been reported from theintestines of the mourn-
ing dove (Zenaidura curolensis) by Skriabin (74), Travassos (I7),
Leidy (&), and Stiles and Hassall (15); from the chicken (Galiue
domesticus) by Graybill (3), Morgan (9), and Levine (6, 8); and from
the turkey (Bdeleagris gallopave domestica) by Graybill (3) and Pérez
Vigueras (11). :

In the United States, Cupillaria columbae has heen collected from
the pigeon in Marvland, New Jersey, New York, South Carolina, and
the District of Columbia; from the chicken in New York, New Jersey,
Pennsylvania, and the District of Columbia; and from the turkey in
New Jersey.

EXPERIMENTAL PROCEDURE

The pigeons used in the study of artificial and natural infestations -
were supplied by the Animal Tlusbandry Division of the Bureau of
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Animal Industry, and the strain of Capillaria columbae was obtained
from infested pigeons supplied by a pigeon raiser in one of the southern
States. The work was carried out in the laboratory of the Zoological
Division at the Agricultural Research Center, Beltsville, Md,

Material for experimental purposes was made available by confining
uninfested with infested pigeons of this species under conditions sim-
ulating those usually employed for the rearing of these birds. The
room used for this purpose had a dirt floor, roosts, and other eqguip-
ment necessary for the successful rearing of pigeons. To insure heavy
infestations in the birds, conditions in the room were maintained as
nearly ideal as possible for the perpetuation of €. columbae. The
droppings were allowed to accumulate on the floor of the room, and
the soil was kept slightly moist to provide adequate moisture for the
development of the cggs passed with the droppings of infested birds.
Occasionally, the topsoil with the accumulated droppings was turned
under in order to build up a heavy infection in the soil. Feed for
the pigeons was scattered promiscuously over the surface of the scil
so that particles of fecal matertal containing infective eggs might
cling to the food particles and Inter be swallowed by the birds.

Whenever experimental or dead birds were removed from the
infection pen, they were replaced by clean birds. All birds placed in
the infection pen were leg-banded, the band nunibers and the ages of
the birds being recorded for future reference. All dead birds and
icose otherwise removed from the room were examined post mortem,
and estimates of the number of worms present in the intestines were
mede.

Eggs of Capillaria eolumbaer intended for experimental infections
were obtained by cutting gravia females into small pieces in Petri
dishies containing a small quantity of tap or distilled water and then
allowing the prepared cultures to remain at reom temperature (20°
to 24° C.) until embryonation of the eggs was completed.

The birds used for artificial infections were given infective eggs in
2 small quantity of water by means of an ordinary mediecine dropper.
Following infection and throughout the course of the experiments, all
birds were eonfined in wire cages provided with wire-mesh floors
beneath which were metal pans. Feed and water were placed in metal
troughs attached to the outside of the cage so as to avoid contamina-
tion with droppings.

The following procedure was used in the exnmination of the infested
bi=?3a: The small intestine was slit open in o large dish containing a
sunall quantity of water. and the intestinal contents, in¢luding the
mucosa, were scraped logse {rom the wall of the intestine with a
scalpel or knife. The scrapings were usually examined immediately
for the presence of worms, but if for any reason the material could
not be examired at once, it was preserved in 2 to 4 percent of {nrmalin
for later examingtion. Sedimentation of the fresh intestinal contents
for the purposc of concentrating the worms was unsatisfactory owing
to the tendency of many of the worms to remain near the surface of
the water in the settling dish. Consequently, it war necessary to
examine a small quantity of the sediment at a time. A few drops of
the materiel were pipetted into a small Petri dish and then diluted
with a small quantity of water. The larger particles of mucus were
broken up by repeated withdrawal from and expulsion of the material
into the tube with a wide-mouthed pipette. This procedure also
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served to release many of the worms that were entangled in bits of
mucus and that otherwise might have been overlooked. The diluted
material was then placed under a binocular microscope equipped with
& medium-powered objective, and the worms were removed by means
of & needle or a fine pipebte.

Larvae intended for morphological studies were usually examined
in the preserving fluid, since the addition of a clearing agent obliter-
ated the outlines of the internal organs by meaking them too frans-
parent. Some of the structures were brought out more clearly by
adding to the solution containing the larvae & drop or two of 8 weak
solution of iodine or some other intra~vitam stain.

DESCRIPTION AND DEVELOPMENT OF EGGS

The eggs of Capillaria columbae (fg. 1) are lemon-shaped, yellowish
in color, with thick, punctate shells provided ateither end witha plug.”

Figuae |.—Eggs of Capillarie columbee: A, Egg as found in freshly deposited
feces of pigeon; B3, ege 48 hours alter incubation nt 24° C.; €, cgg 48 hours after
incubation at 24°; D, egg 85 hours after incubation at 24°; E, egg 89 hours
aiter incubation at 24°; F, egg 192 hours after incubation af 24°,
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In a series of measurements involving 25 eggs, the variation was from
504 %0 554 In length and from 27 to 314 in width. Morgan (9) found
the eggs to be from 48u to 554 long and 22u to 27u wide, whereas
Graybill (8) reported them to be 50x to 62 long and 20u fo 27s wide.

The contents of the freshly deposited egg (fig. 1, 4) are homogeneous
in cheracter. After 48 hours of incubation under conditions sffording a
suitable supply of cxygen, moisture, and heat, cleavage had progressed
to the two-celled stage (fig. 1, B) and, in some instances, to the four-
celled stage (fig. 1, €). Within 65 to 89 hours, development had
progressed to the morula stage (fig. 1, D and E), and 6 to 8 days were
required for the eggs to become infective (fg. 1, ). Grayhill (3)
found that the eggs contained embryos in 7 days when cultures were
kept in physiological saline at a temperature ranging from 23° to
25° C. He noted infective egzs in 6 days when the cultures were kept
at & temperature of from 24° o 25°. The present writer found that
eggs cultured in tap or distilled water contained completely formed
embryos in 6 days when kept st room temperature during August
1936, and in 8 days when kept at room temperature during October
1936, at Washington, D. C. Eggs cultured in 1 to 2 percent of formalin
likewise confained fully formed embryos as early as those cultured in
tep or distilled water.

EFFECTS OF LOW TEMPERATURES AND AIR DRYING ON THE
VIABILITY OF EGGS

The effects of environmental factors on the viability of the eggs of
Capillaria columbae were determined by & series of experiments that
involved the exposure of both nonembryonated and embryonated eggs
suspended in e small quantity of water, or in a completely dried state,
to various temperatures for different periods. -

Nonembryonated eggs were obtained from females collested from’
the small intestines of freshly necropsied pigeons. These gravid
females were placed in & dish containing 8 small quantity of either tap
or distilled water and cut into fine pieces with & pair of scissors. The
dish was then exposed %o the desired temperature. Embryonated
eggs were obtained by exposing o room temperature, until the eggs
embryonated, freshly cut up, mature, gravid females suspended in &
small quantity of tap or distilled water.

EFFECT OF COLD ON NONEMBRYONATED EGGS

Freshly prepared cultures were exposed to varying degrees of cold
and examined after they had incubated for & sufficient time at room
temperature to permit embryos to develop. In each experiment a
control culture, prepared in the same manner as the experimental
cultures, was maintained at room temperature. In all cases the con-
trol cultures yielded large numbers of embryonated eges after incuba-
tion for periods of from 7 to 10 days. The data relating to the cultures
that were subjected to low temperatures are given in table 1.

The data in fable 1 indicate that nonembryonated eggs of Capillaria
columbae may survive the winter in most of the States of the southern
part of the United States, as the winter temperatures in this section
are seldom less than the lowest temperature indicated in the table.
However, these eggs probably would not retein their viability from
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one warm season to another in many States of the northern part of the

Unitegigmtes, since the winter temperature in many areas is lower than
—94° C,

TasLs 1—Efect of low femperatures on the viabilily of nonembryoncled eggs of
Capillaric columbae

Turn- Diirn-
tiog of tiog af
suhse- subge-

Embrro- Embryo-
imcabn-| Sated eges P ity inouba-| Dated €2gs
tion pt | found In ture was ex- tian at | found m

enliurenfter cultareafter

rogm | A posed room |4 s
tam- | ihcitbation teqy- | iDeubation

era- Der-
ture Lure

Tempemture

ta which cul-

1Ure Was ex-
posed

bl 4 A Days
l Z Numerous, 7 8 | Numerous,

—5.6t0 =94 | ; ol O 8| Be
. {‘.‘ery few. % lg Bc.
_ et N umerous. ¥l o,
22t =54 E Do,

EFFECT OF COLD ON EMBRYONATED EGGS

Levine (7), carrying on experiments in the State of New York,
exposed embryonated eggs of Capillaria columbae to natural conditions
in the shade from October 21, 1985, to November 9, 19386, a period of
385 days, and found that the eggs were capable of producing light
infestations when fed $o chickens. He also found that embryonated
eggs survived an exposure to natural conditions in the sun from Novem-
ber 2, 1935, to March 27, 1936, a period of 146 days. In another test,
he exposed embryonated eggs contained in {ecal residue (50-percent
moisture) to o tempernture of —1° C. and found that they survived
continuous freezing for 316 days but not for 346 days.

To determine the effcet of cold on embryonated eggs of C. columbae,
and to determine whether such exposed eggs were capable of producing
sn infection, cultures were exposed to different temperatures and
subsequently fed to uninfected pigeons. The results of these experi-
ments are shown in table 2.

Tasve 2—Lffects of low temperatures on the webilily of embryonated eggs nf
Capillaria colinbee

I
t Date of | Date of
fecdimpr | exnmiin-
e e ing

THpRon pipean

i Temperatare to { Diratjon
Experiment Na, whirh culiure | of pxpo-
WNS QX POsL sure

Worins recoveredl

L Dnps mar 1587
—Sftlo =G Augr 18 . Fow.
—fi. 7k —12.2 Sept. 10 1 Nov, Very few.
—2E &b Aug. 18 2. 4| Many.
Ez'} Embryos very active.

[Py

150 {n Embryos dead,

1 Not o,

From the dnta given in table 2 it is evident that some embryonated
eggs of O columbae survived a continnous exposure to a temperature
of — 6.7°to — 12.2°C. for as long as 14 days. 1t is apparent, however,
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that a slightly longer exposure to this temperature may have been
detrimental to these eggs, since only a very few worms were recovered
from the intestine of a previously uninfected pigzeon as a result of the
feeding of & large number of these eggs. At the same temperature,
einbryonated eggs are apparently vinble for & shorter time than non-
embryonated eggs. Cultures of both types of eggs were exposed
continuously to o temperature of 2.5° to 5% for 170 days. At the
expiration of this period none of the embryonated eggs contained live
emnbryos, whereas the nonembryonated eggs deve%oped completely
formed embryos when exposed for 10 davs to room temperature,

EFFECT OF DRYING ON EGGS

Newbigin and Morgan (10) reported that poultry runs which had
been left unoccupied for 8§ months still harbored viable eggs of Capil-
laria spp. Levine (7) found that embryonated eges of C. columbae
which had been thoroughly dried by means of an electric fan were
dead when examined 14 dovs later. The following experiment was
conducted by the writer to determine the resistance of €. columbae
eggs to drying under laboratory conditions:

Eggs in which the developing embryo had reached the morula
stage were contained in small Petri dishes to which a little water had
been added and permitted to dry in air at room temperature. The
time at which the water had completely evaporated from the dishes
was noted. The eggs were then allowed to remain at room temper-
ature for 24 hours. Water was then added to the dry dishes and the
cultures were allowed to remain at room temperature for several days

to determine whether development of the embryos would be resumed.
The effects of air drying for 24 hours were apparently lethal, since no
further development of eggs was observed,

DESCRIPTION OF EMBRYOS

The embryo, or unhatched larva, (fig. 2, F)is regarded as the first-
stage larva since it was not observed to molt within the ege. In
order to make a detsiled study of the morphology of the embryo, it
was necessary to free it from the eggshell. This was most easily
accomplished by placing eggs on a slide, covering the preparation with
a cover slip, and then carefully rotating the cover slip under gentle
pressure with the tip of the finger. II the excess water underneath
the cover slip was allowed to evaporate or was drawn off with a piecs
of filter paper before attempting to release the embryos, less difficulty
was encountered in obtaining embryos in perfect condition,

As shown by a serles of measurements involving 12 embryos,
variation in size is from 123y to 150y in length and from Sg to 10z
in width. A distinet stylet (fig. 2, F) is present at the anterior end of
the esophagus in specimens subjected to slight pressure, and this
structure is sometimes seen protruding from the oral opening (fig. 2, ().
The esophagus is slightly swollen in the head region and also just an-
terior to the beginuning of the cell body, the posterior swelling being
the most pronounced. Numercus cells are present in the coelomie
cavity anterior to the cell body. The short cell body is about 334
long and consists of two rows of opposing cells. The intestinal tract
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posterior to the cell body is not well differentiated. Three or four
vacuoles and 8 few undetermined structures sre the principal strue-
tures present in this region. The posterior end of the body 1s bilobed.

Fioure 2.—Vacious stages in the developinent of Cepillaria columbge: F, Embryo,
or unhatehed first-stage larva; C, anterior end of uphatched first-stage larva
showing protruded stylet; D, late firsi-stage Iarva removed from inlestine of
pigeon 7 days after infection; K, Sreé-stage larva in moll; G, second-stage larva;
B, enlarged drawing of the poasterior end of sceond-sfage larva in inois; 4,
posterior end of aduld male showing protruded spicular sheath.

The anus opens subterminelly. A clear streak, presumably the
ltumen of the rectum, extends anteviorly from the anal region for a
short distancs.
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DESCRIPTION OF LARVAE

LATE FIRST-STAGE LARVA

Numerous Inte first-stage larvae, including one specimen in molt
(fig. 2, £, were removed {rom the small intestine of young pigeons
7 days after the administration of embryonated eges of Capillaria
columbae. Examinetion showed that lervae of this stage (fig. 2, D)
vary from 200u to 292y in length and from 12y to 16g n width. A
stylet is present at the anterior end of the esophagus. The esopbagus,
in o specimen 2404 long, is npproximately 175y long and possesses n
slight swelling in the head region and anotherlargerswelling just anterior
to the cell body. The esophagus {fig. 2, D} lies superficial to and is
only partly embedded in the cell body. The cell body is nbout 84y
long and consists of two rows of opposing cells of which the antevior
six appear to be more granular than the others. Two large oval
cells of uncertain origin and identity are present at the esophago-
intestinal junction. The intestine 1s approximately 65 long and
consists of a single layer of cells. The rectum is 12.5x long and
consists of only a single laver of cells. The anus is loeated subtermi-
pully. The bacillary bands ave feebly developed and extend the full
length of the body.

The principal measurements of 10 lorvae token pt random from o
large number of specimens removed from the intestinal contents of g
pigeon are shown In table 3.

TasLe 3.—Measurements of 10 first-slage larvae of Capillaria columbae

Mensureniends of Inrva No—

2 3 4 5 fi T b

AMi- RIS AMi- Mis Afi- ] i RIS A
croms | ergnx | crons | eroRe | crodx | crong | erong | crons
Lemptv. .0 oLl L il L e ] 1] Hill an 1 g LS|
Moxfmgm widilt ¢ B2 | 14 1 12 - 16 7 [&]
Lenpth of psopabiegr . v NEDooum s 15l K o0t 2
Lenptteaf cetl brgby. ... 0 L R T F 1 { I [ H 47 01

Longth of intestine_. . (... Ta [ B T T il 4} . i 3

SECOND-STAGE LARYA

TFully developed first-stage luryvne molt and the resulting second-
stage Jarvae complete their development between 7 and 14 days
after infection.  Larvae recovered from the small intestines of pigeons
1 weck after having been fed infective eggs were considered first-stage
lurvae because of the presence of o double-rowed ¢ell body. On the
other hand, larvne recovered from the small intestines of pigeons
2 weelks after infection were considered third-stage larvae, since the
cell body consisted of only a single row of cells, the genital primordium
extended nearly the full length of the intestine, and the length of the
esophagus was 1.7 times ns long as that of the intestine. The char-
ncters of second-stage larvae, as ohserved in specimens (fig. 2, &) re-
covered from the intestines of naturally infested pigeons, are given
in the following paragraph.

Larvae of this stage vary from 700u to nearly 3 mm. in length and
from 17¢ to 354 in width. They appear to have no stylet. The

12457 0—10- —2
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character of the intestinal tract is similar to that of the first-stage
Jarva. The relative lengths of the esophagus and the intestine
differ, however, from those of the first-stage larva in that the intestine
is proportionately much longer than the esophagus. This fact is due
to the more rapid growth of the intestine. The total length of the
esophagus, in a larva 1.18 mm. long, is about 784u, and that of the
intestine about 400z. The faintly annulated cell body originates
about 192y from the anterior end of the larva and extends posteriorly
for a distance of about 592u. The first cell of the cell body is con-
siderably longer than any of the others. Many large, brown inclu-
sions, apparently of a granular nature, are present in the body wall.
Bacillary bands are visible throughout the body but appear somewhat
thicker in the region of the nerve ring than elsewhere. The intestine
consists of & simple tube, with the anus opening subterminally. An
enlarged drawing of the posterior end of a second-stage larva in molt
is shown in fig. 2, B.
' THIRD-STAGE LARYA

Third-stage larvae (fig. 3, B) vary from 2.32 to 4.05 mm. in length
and from 24u to 44y in width. Ina larva 3.51 mm. long, the distance
from the anterior end of the body to the cell body 1s 380; the length
of the cell body is 1.81 mm., of the esopbagus 2.19 mm., and of the
intestine 1.32 mm. No sex differentiation can be determined in this
stage. The genital primordium is almost as long as the intestine,
and the well-developed bacillary bands extend throughout the body.
Many large brown inclusions, appsrently granular in nature, are
present in the body wall. Measurements of third-stage larvae are
given in table 4.

TARLE 4.— Bfeasurements of third-stage iarvac of Capillaria columbac

Alpasurements of Inrva Na.—

4 | 5 1 [
K

Item

Length. . .cvew.eeo-o-—tillimeters.. 3. L 3T 2 2,61
. 21

- 3
Maximizm wirldth,__ .. TIigroHs . 36 4
Length of esophapts “Himekers | 2. B 1 1. i 105 2,17
Length of cell bedy ..o ool Lo . . 15 1.4 1.33 L.
Length of intestine. ... - Lot .3 B AT .68 .03 1.23

3

FOURTH-STAGE LARYA

The transition of the larvae from the third to the fourth stage
occurs between the second and third weeks of infection. A study of
fourth-stage specimens (fig. 3, (/) showed that they vary from 4.05
to 6.5 mm. in length and from 36p to 44 in width. The sexes in the
fourth stage are distinet, the length of the males averaging slightly
less than that of the females. Both sexes possess well-developed
bacillary bands, and numerous large brown inclusions, apparently
granular in nature, are present in the body wall, The female organs
are clearly differentinted into a vagina and uteri; the position of the
valva (fig. 3, F) is indieated by a convexity in the body wall. The
vagina appears as a broad clear area about 100u long, which extends
posteriorly from the vulvar swelling.  In a [emale speeimen 6.5 mm.
long, the csophagus is 3 mm. long and the intestine 3.4 mm. long.  In
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Fraune 3.—Various stages in development of Capillaria columbue; B, Third-stage
larva in molt; &, fourth-stage lnrva, fanale; 7, enlarged drawing of the vaginal
region of fourth-stage Inrva; 7, ventral view of posterior extremity of male
fourth-stage larva showing the two fingerlike processes; A, immadture adult
mele; E, Interal view of pesterior end of immaiure adult male in molé; H,
lateral view of body of adult in yegion of esophago-intestina! funciion, show-
ing larpe trirugular ecll and esophageal cell annulations: K, latersl view of
adult female in region of csophago-intestinal junetion and vulve; J, ventral
view of posterior end of male showing extruded spicular sheath and bursa; D,
portion of bacillary band in surfaece view; C, portion of hody in region of csoph-
agus showing columnar cells of bacillary bands,
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& male 5.45 mm. long, the esophagus is 2.77 rom. long apd the intestine
2.7 mm. long. The male organs conpsist of a testis and a weakly
cuticulgrized spicule that measures about 1.3 mua, long. The posterior
extremity (fig. 3, J) is rounded and shows, in ventral view, two super-

ficial processes pointing inward.
SEXYUALLY IMMATURE ADULT MALE

A single enshenthed male specimen (fig. 3, A}, 7.5 mm. long, was
taken from the small intestine of a naturally infested pigeon. The
well-developed spicule measured 1.48 mm. in length, its distal end
being about 200z from the posterior end of the body. 'The trans-
versely striated spicular sheath extended beyond the spicule to the
tip of the posterior extremity. The distance from the anterior end
of the body to the beginning of the cell body was 2814; the cell body
was 3.2 mm. long, and the intestine 4 mm. long. The posterior
extremity (fig. 3, £) appeared to be similar to that of the sexually
mature adult male. No female corresponding to this male in the
scale of development was found.

DESCRIPTION OF ADYLTS

Graybill (8) and Irwin-Smith (4) have given fairly accurate snd
compléete descriptions of the adults of Capillaria columbae. When
first removed from their natural habitat, the living worms usually
assume n loose corkscrewlike appearance, the posterior extremity of
the male usually being coiled. ~The posterior portion of the body of

the ferale is extremely dark in appearance owing to the presence of
the reproductive organs. The distinctly annulated cell body consists
of a single row of cells, the shortest and broadest of these being &t the
posterior end. The annulations of the first few cells are abhsent or
seen only with difficulty. Towever, these an nulations are pronounced
in the cells near the posterior end of the cell body (fig. 3, H). The
two Inrge, somewhat triangular cells (Bg. 3, ) present ab the esophago-
intestinel junction are more conspicuous in the male than in the female.
The esophago-intestinal junction divides the body into two approxi-
mately equal parts, the intestinal region being somewhat the longer
pertion.

The vulva is loeated shightly posterior to the ferminal cell of the
cell body and the posteriorly directed vaging is heavily muscled
(fig. 3, K). The posterior extremity of the female is rounded, with
the apus subterminal,

The spicule (fig. 3, 4) is surrounded hy a tran sversely strinted sheath
that extends posteriorly beyond the spicule to the posterior end of the
body. The spicular sheath in preserved specimens {fig. 2, A4) is
frequently extruded for a considerable distance from the cloaca. The
cloacal aperture is surrounded dorselly by o small spatulalike bursa
(fg. 3, J) or membrane, which is a continuation of the body cuticle.
Tt is supported on each side by & knob-shaped ray. Measurements of
the adult worms are given in table 5.
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TaBLE §.—Measurements of adull worms of Capillaria columbae
FEMALES

Meagurements of worm Na,—

4 5 8 7

Maximum width iorons__
Loangth of esophagus millimeters.
Length of cell body. do....
Distance from anterior ond of body to
millimaters_ _

Length millimotors__
Maxlmum width. .. ——..I{crons..
Length of esgphapu .millimetera. .
Length of eell body.

Length of apicule. . oo __do.__.
Leapth of intestine____.___.......do..__

RECAPITULATION OF DEVELOPMENTAL STAGES

The first-stage larva is characterized by having a recognizable
stylet and & cell body consisting of two rows of opposing cells. In
the succeeding stages there is no recognizable stylet, and the cell body
consists of ongly & single row of cells that are usually rectanguler in

shape and annulated. The esophsgus, in sll stages, possesses two
1{ A

sweilings, one immediately back of the head and the other immedi-
ately snferior to the cell body. Chitwood (/) has shown that, con-
trary to the prevailing opinion, the esophagus is not surrounded by the
cell body (fig. 2, &); 1t lies superficial to but in close contact with the
cell body. A large triangular cell of uncertain origin and identity is
Fresent on either side of the esophago-intestinal junction. Two bacil-
ary bands (fig. 3, C and D) located laterally, extend the full length
of the body in all stages. In the early larval stages, the esophagus is
much longer than the intestine, but in the adult the two regions ara
approximately equal in length. The approximate ratios of the length
of the esophagus to the length of the intestine for each of the stages of
Capillaria columbae are as follows: First stage, 3.5:1; second stage,
2:1; third stage, 1.8:1; fourth stage, 1.1:1; and adult, 1:1.4.

DEVELOPMENT OF CAPILLARIA COLUMBAE IN PIGEONS

Each of five young uninfested pigeons was given a large number of
embryonated eggs of Capillaria columbae at hourly intervals during a
4-hour period. These birds were held in cages and under conditions
designed to prevent extraneous infection and were necropsied 7, 14,
19, and 26 days after infection. The smell intestines of two birds
examined on the seventh day after infection contained numerous, very
small larvae varying from 200y to 300x in length and from 134 to
164 in width. These larvae were considered to be first-stage larvae
because of the presence of a distinet stylet and 2 cell body consisting
of two rows of cells. These larvae were 50x to 75u longer then the
unhatehed larvae. .
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The transition from the first- to the second-stage larva occurs be-
tween the first and second weeks after infection, probably very early
in the second week, since larvas removed from the small intestine
of one pigeon, which was necropsied 14 days after infection, were ap-

arently in the third stage. Thsse larvae varied from 3 fo 5 mm. n
ength and from 30g to 364 in width. The cell body consisted of only
a gingle row of cells. A stylet was apparently absent.

A few sexually mature aduiss, the femalss containing well-developed
eges, and many sexually immature adults were removed from the small
intestine of a pigeon necropsied 19 days after infection, and a large
number of sexually mature adults were removed from the small in-
testine of & pigeon necropsied 26 days after infection. Fecal exami-
nation of this pigeon at time of necropsy showed the presence of eggs.
No feca) examination was made of the pigeon necropsied 19 days after
infection, but this bird was found to harbor a few gravid females.

DURATION OF INFECTION IN PIGEONS

To determine the duration of the infection in pigeons, three young
birds that had not been previously exposed to Camllarie columboe
were infected as follows: Pigeon 6303 was given a single dose of em-
bryonated eggs on September 3, 1936, and pigeons 7069 and 7883 were
given embryonated eggs on September 24, 1936, and again on Sep-
tember 26. TFecal examinations of these birds, made from 1 to 2
months after the dates of infections, disclosed the presence of capil-
larid eggs. Pigeon 6303 was killed about 7 months after the date
of infection, and five male C. columbae were recovered. Pigeon 7069
was killed 4 months after it was infected, and a few specimens, mostly
males, were found. Pigeon 7983, in a post-mortem examination about
3 months after the date of infection, gave negative results.

From these results, therefore, it is evident that pigeons may remein
infested for 7 months or longer, Levine (8) obtained mature specimens
of £ columbue from the intestines of chickens 294 days after feeding
of embryonated eggs. The experiments recorded by the writer show
that there is a tendency for the male worms to survive longer in an
infected bird than the female worms.

LOCATION OF WORMS IN INTESTINE

Necropsies of many pigeons experimentally and naturally infested
with Capilleric columbae showed that these worms usually occur
_in the anterior half of the intestine. In light infestatfions, & few
worms are found in that portion of the intestine anterior fo the bile
duct. In heavily infested birds, however, worms are found as far
anteriorly as the beginning of the duodenum and nesrly as far pos-
teriorly as the cecn.  When mature and immature worms are present
in abundance in the same bird, the greatest numbers of adults are
found in the unterior half of the small intestine. The mature worms
are usually encountered somewhat more forward in the intestine than
are the immature forms, the latter usually being most abundant in
the middle region of the small intestine beginning at a point about 4
or 5 inches back of the duodenal opening,.

The worms are usually embedded more or less deeply in the in-
testinal mucosa, and -ordinarily only a few of them are removed from
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the intestinal tract by the usual method of drawing the opened in-
testine back and forth through water in o dish. Some of the adult
worms may be freed by this method, but few, if any, of the immature
forms ean be recovered in this way owing to the deeper position that
they occupy in the mucosa. The immature worms can be successfully
removed only by scraping the mucosa from the intestinal walls and
then examining the scrapings with the aid of a binocular microscope.

ADAPTABILIYY OF CAPILLARI4 COLUBMBAE TO TUREEYS AND
CHICKENS

Capillaria columbae has only occeasionally been reported from the
small intestines of chickens and turkevs raised under natural condi-
tlons. Graybill (3) stated that as a result of many autopsies of chickens
and turkeys for a pericd of several years, €. columbae was never ob-
served in these birds in large numbers. As already noted, Stubbs
and Crawley (16) reported an undetermined species of capillarid {rom
the intestines of three young White Wyandotte chickens that had been
brought to their laboratory for examination. According to these
authors, the female worms varied in length from 11 to 13 mm. and the
eggs measured 45u to 254, Reasons for regarding these worms as
(. columbae have already been given.

To obtain information concerning the degree of adaptability of C.
columbae to chickens and turkeys a series of experiments was conducted
that invoived the exposure of these birds to infection under natural
conditions. Four turkevs from 2 to 3 months old and seven chickens
about 13 months old were confined in 2 small room with & number of
heavily infested pigeons. A summary of this experiment is given in
table 6, which shows that C. columbae was successfully transmitted to
both chickens and turkeys.

Tarrs 6.—Dala on the susceplibilily cf chickens and turkeys to infestalion with
Capillaria columbae

" Turmtior, _
Cafinfee- ! TWorms prefent il BECTQPST
tinn

Fpeciesapd | Tmteof | Datelost
bird Na, . lpfegiion . was Rilled

Turkey 3013 O 1, 1T 35 1 matare femnie.
Turkey 495 ._ i e, », 1WRY © Fragmears of 2 worms,
Turkey 4+143._. : i fnoe 24,1937 35, Few mature mnies and femziles.
Turkey M .. _ L Jap. 20, M L Nane.
i DoATay 21,0957 ; Alany mature males and femnles.
Chicken 713, ~tla flume TR ! Few mature worms,
Chicken 419, © aday 4, 19370 ¥ . Many malure worms,
Chicken 257, . U Bec. 13,1836 HooNene.
Chieken 387_ I [ PO I L T M T,
Chicken 3. o, a. .. 5 1ia.
Chickan A3 e L}

I Bird died on ihis date.

The negative findings for the one turker and the four chickens in
the experimental pen 1n October 1936 are attributed to failure of the
eggs passed in the droppings of the infested pigeons to become infective.
This assumption seems plausible because of the prevailing low tem-
peratures at the time of the year that the birds in question were
exposed to infestation.
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SYMPTOMS OF INFESTATION

Birds heavily infested with Capillaria columbae show definite
symptoms of emaciation, listlessness, and diarrhea. They spend much
of their $ime huddled on the ground underneath the roosts or in some
corner of the room away from the rest of the birds, The head is drawn
back close to the body and the eyes are usually closed. The feathers
appear ruffled and sciled around the vent, and the skin and visible
mueous membranes are more or less pale, Food and water are partaken
of sparingly. Death usually occurs as & result of heavy infestation.

Levine {8} stated that the first clinical symptoms of €. columbae
infection in chickens were noticeable on the twelfth day after the
feeding of embryonated eggs. At this time much pinkish material
composed of mucus, necrosed epithelial cells, and numerous erythro-
cytes, granulocytes, and lymphocytes were noticed in the feces of the
infected birds. During the next 4 days the feces of the birds were
fluid owing fo an increase in the quantities of epithelium and inflam-
matory exudate that was being elininated from the intestinal tract,
During the following 2 weeks, however, most of the birds regained
their normal appearance and the feces became normal. A number of
the birds, however, lost weight steadily, became extremely emaciated,
and either died or were destroyed.

GROSE PATHOLOGY

Eber (2) and Schlegel (18) have observed that an intensive intes-
tinal inflammatory condition developed as a resuit of & heavy infesta-
tion with Capillaria columbae. Furthermore, Eber (2) reported that
the entire intestinal mucesa was swollen and destroyed and that, in
severe cases, masses of sloughed mucoss sometimes so completely
blocked the lumen of the large intestine that large quantities of fluid
were retained in the posterior part of the small intestine.

Levine (&) reported that the intestines of chickens heavily infested
with . columbae showed a moderate thickening of the mucosa, which
contained “reddish aress varying from pinhend hemorrhagic spots fo
diffuse hyperemis of large portions of the mucosa.” In some cases, he
reported that the intestinal mucosa was covered with much catarrhal
exudate which ranged in color from “opaque white to translucent
salmon color.” He stated that the intestines of some infected birds
showed no changes in spite of the fact that as many as 1,500 to 5,000
worms were found in each.

As observed by the writer, pigeons naturally infested with C.
columbae under laboratery conditions showed, on post-mortem
exaIination, infestations varying from a few fo hundreds of worms
each. The largest number of worms removed from the small intestine
of n single pigeon raised under these conditions was approximately
1,500, Ususally only a few worms were found in the small intestines
of fatal cases and most of the worms in such instances were males.
Following is an explanation of this oceurrence.

In fatal and in severe advanced cages of infestatien the intestines
showed extensive destruction of the mucosa, frequently with com-
plete sloughing of the mucovs membrene. It is assumed that these
birds had been heavily infested with capitlarids earlier and that the
attachment of the worms to the intestinal wall cavsed necrosis of the
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tissue immedintely surrounding them to such an extent that both
arasites and necrotic tissue were sloughed off into the lumen of the
intestine. The intestines contained a large quantity of fluid.

The nonfatal experimental cases did not show & marked destruction
of the intestinal mucosa. However, there was considerable thickening
of the walls of the intestines owing to edematous infiltration. .

The intestines of uninfected pigeons showed no evidence of thicken-
ing of the walls or destruction of the mucesa. The intestinal contents
were never so fluid as in the fatal cases.

SUGGESTED CONTROL MEASURES

The practice of rearing different species of poultry separately is
recommended, since experimental data show that chickens snd
turkeys, as well as pigeons, are susceptible to infestation with Capil-
laria columbae.

Studies on the viability of the eggs under different environmental
conditions indicate that drying 1s fatsl to them. Consequently,
pigeon lofts should be located on well-drained soil and the runs exposed
to direct sunlight and kept free from vegetation or debris that might
provide shade or moisture. The feed should be placed in sanitary
troughs, and water pools should not be allowed to form around the
drinking troughs.

The adoption of a program of strict sanitation is strongly urged as a
control measure for this parasite, Since the experimental data show
that freshly passed eggs require from G to 10 days to become infective,
under favorable conditions of temperature and moisture, the houses
and pens should be thoroughly cleaned and all litter removed at least
once a week during the summer months,

In case of an outbreak, the houses and adjacent grounds should be
cleaned thoroughly and disinfected with hot water or hot water and
lye mixed in the proportion of 1 pound of commercial lye containing
94 percent of sodium hydroxide to 534 gallons of water. This solution
1s also effective in destroying coceidia as well as the eggs and larvae of
other poultry parasites,

SUMMARY AND CONCLUSIONS

In view of the increasing importance of pigeon raising in the United
States and the fact that little information was svailable regarding the
biology of Capillaria columbae and its effects on the pigeon, an experi-
mental study of the life history of this parasite was undertalen.

Egas of C. columbae were found to develop to the infective stage
within 6 to 8 days when kepi at room temperature.

Cultures of nonembryonated and embryonated egas of C. columbae
suspended in s small guantity of water, were found to be very resistant
to low temperatures. Nonembryonated eges were found to he viable
and to complete embryonation after an exposure of 35 davs to s
temperature of —3.6° to —9.4° C. when subsequently exposed to room
temperature. Embryonated eggs were found to be infective to pigeons
after an exposure of 14 days to a temperature of —6.7° to —12.2°,
Drying for 24 hours at room temperature destroyed the vitality of
partly embrvonated eges.

Morphologieally, the first-stage larva is churacterized by having a
recognizable stylet and & cell body consisting of two rows of opposing
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cells. A recognizable stylet is absent in all succeeding stages, and the
cell body consists of only a single row of cells. The esophagus, in all
stages, assumes a position superficial to the cell body and possesses
two swellings anterior to the cell body. The relative lengths of the
esophagus and the intestine vary with the stage of development. In
the first-stage, the esophagus is three to four times as Jong as the intes-
lt'me, lwhereas in the adult the two regions are approximately equal in
ength.

The life history of C. columbae was shown to be of the direct type.
The unhatched embryo has not been observed to molt within the egg.
The first-stage larva molt= and becomes a second-stage larva early 1n
the second week of infection. The second-stage larva completes its
development and molts to the third stage before the fourteenth day
after infection. The transition {rom the third to the fourth stage
occurs between the second and third weeks of infection, and mature
worms may be recovered {rom the small intestines of experimentally
infected birds as carly as 19 days after infection. Eggs have been
found in the feces of the birds 26 days after infection,

In experimental studies, pigeons necropsied 7 months after infection
were still infested with €. columbae.

All stages of the worm penetrate move or less deeply in the intes-
tinal mucosa, the larvae heing found somewhat decper than the
adults. Necropsies of many birds have shown that most of the worms
usuaily occur in the middle portion of the small Intestine.

Heavily infested birds showed symptoms of emaciation, diarrhes,
and listlessness; food and water were consumed sparingly; and death
was usually the termination of severe infestations. For several days
prior to death, infested birds spent considerable time in a huddled
position on the ground. The fenthers were ruffled and those around
the vent were usuelly soiled with fecal material.

As observed by the writer, pigeons nnturally infested with C.
columbae showed, on post-mortem examination, extensive destruction
of the mucosa, frequently with complete sloughing of the mucous
membrane. The intestines contained large quantities of fluid.

Control of this parasite should be directed toward prevention hy
]thomugh. sanitation and selection of well-drained areas for permanent
ofts.

Chickens, turkeys, and pigeans should be raised separately, since
all three types of birds are suseeptible to €, columbae infection.
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