|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




Iz 22

: 2 2
= fjzg

o

FRECEE I 7

i iz

= 22

ol 2

it
EF
[3

EfrEEFEEE -

I

2

it hee

L

[\
n

I

iz lle

MICROCOPY ROSOLUTION TLST CHART MICROCOPY RESOLUTION TEST CHART
MANONAL BUREALL G STANDSRDS 1306 A MATDNAL BURESL OF S1ANDARDS 1964-8



http:111111.25
http:111111.25

/AN

(&)
Tecumcar Burrertn No. 227

Fepruany, 1931

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D, C.

DEVELOPMENTAL STAGES OF SOME
NEMATODES OF THE SPIRUROIDEA
PARASITIC IN POULTRY
AND GAME BIRDS

By Trorsp B. CraM, Zoologint, Zoological Division, Bureau of Animal Industrir’

CONTENTS

Puyr

Roview of precoding lnvestipgntions . ..
Mothnds wed B the present investisalion. .
Petrameres americenn Cram, 927 ..

Trovelopment iy bntermcdinto host, |

Frevelopment 1o finn) host

Hauke of developmtent R,
Cheitospirura Anmaulose (Dissing, 1851) Dies-

TR, 180 e cammmemram oo mmmm———

Develgnment 1o intermedinte hoot_.

Development in fioul host

Dreseription of udult prrasito

Cheilosgirnre apinosa Cram, 1827
Tuvelopment in intermoediate host,
Dovelopment in ol hest, o _____

Dispharyne spirafis {Molin, 180) Skon

)i
Davelopinent o intermodinte host..
Lrevelapient in finsl hest

Sewroeyrinea colini (O ram, 1027 Crnm, 136
Development in intermerilnde host .. ___
Davelopment {1 ol host

TR 1T 1% o

Liternture cited

REVIEW OF PRECEDING INVESTIGATIONS

Previous investigations conducted in various parts of the world
have revealed the life histories of a few of the nematodes belonging
to the Spiruroidea which occur in domestic birds. A. discussion ot
these and more recent findings has been included in a paper by the
writer.? The findings of enrlier investigators may be very briefly

simmarized as follows:

By comparative studies of a morphological nature three crus-
tncenns were shown to be the intermediate hosts of three nematodes.
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namely, the isopod, Porcellio laevis, serving for Dispharyna spiralis
as occurring in the chicken; the amphipod, Gammarus pules, and
the cladeceran, Daphuie pulerw, for Tetrameres flssispina, ns occur-
ring in ducks; and the cladoceran, Daphnia puler. wlso for Fehi-
meri wnediata, 18 oceurring in ducks. By experimental demonstra-
tiong two insects were ndded by the earlier investigators to the
st of intermediate nosts for three other nematodes, nrxmely. one
of the Isoptera, the termite Macrohodotermes mossaembicus trans-
eaalensis (synonym: Hodoternies pretoriensis), seeving tor Harter-
tia gallinarum of chickens, and one of the Orthoptera, the roach,
Pyenoseefus surinamensis, tov Owyspirwra parvovem and Q. man-
xeni, nlgo of chickens.

Investigations carried on by the writer have vecently added to
this list the names of seven arthropod intermediate hosts, of which’
five are inseets and two are crustaceans, serving for six spirurids.
These are as follows: Two members of the Coleoptera. the dung
heetle, Phanacus vindex (synonym: P, carnifea} and Copris nimerus,
serving for a species of Gongvlonews, tentatively identified as &,
ingluvicole of the chicken; three members of the Orthoptera, the
veasshoppers, Melanoplus femurrubium and M. differentialis, both
serving for Teframeres s ricana and Chellospirura hamwlosa of
chickens and for (. spinesa of gallinacvous game birds, and the
cockroach, Blattella germanica, serving for Sewrocyrnea colini of
game bivds; and two isopads, the sow bugs, Poreellio scaber and
Armadillidium culgare, serving for Dispharyne spiralls of galli-
niceous game bivds.

In the case of the species of Gongylonema, a natural infection in
the dung bectles was discovered incidental to the conducting of
experiments on another spirmrid. Physocephalus sexalatus of swine,
for which those heetles also serve as infermediate hosts; in a chicken
a single mmale specimen and in a rabbit two female speciinens of
Gongylonema were developed. which were tentatively identified as
G inghevicola, pending further investigation when additional ma-
terial 18 available.  However, in the case of the other five spirurids,
all stages of the life eycle were experimentally produced, and it is
planned here to deseribe the various stages observed in the develop-
ment of each of these nematodes,

METHODS USED IN THE PRESENT INVESTIGATION

The grasshoppers used as intermediate hosts in the present study
were laboratory reared. but all the other arthropods were collected
in the wild. The embryonated eggs of the nematodes were obtained
from the uteri of the worms and in some ecases from the contents
of the digestive tract of the infected birds and were fed to the arthro-
pods with green stufl or with finely ground cereals.

The bird hosts used for the Hfe- story experiments were con-
fined indoors throughout the entire period of t{1e experiment. The
chickens were hatched in incubators and:in all but a few cases were
kept on raised wire-mesh floors through which the droppings
passed, first in electrically heated brooders and Ilater in cages, but
in both instances under an insect-proof "cover made of fine wire
sereening of approximately 2-millimeter mesh. Control chickens
were kept in tﬂe sane compartment as those experimentally fed.
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NEMATODES IY POULTRY AND GAME BIRDS : 3

"This method has proved to be highly reliable, control chickens being
consistently negative as regards the presence of parasites and the
chickens which hmd been artificially infected showing ne parasites
other than these fed to them. This methed was followed in all in-
stances until the life history was definitely estublished; in a few
cases, as in the case of the infections with Pefranieres americana and
with Cheilospirurg hamwlosa, in order that observations of a more
general clinical nature might be made, chickens were released later
i indoor pens,  The floors of these pens were of concrete, and the
windows were screened; the pens were in a new building and had
never been used for chickens other than those experimentally
infected.

Pigeons were held in cages of the kind described, but the birds other
than pigeons and chickens were held in the indeor pens rather than
m cages. The quail had been hatched in incubators and reared
avtificinlly; the :‘ucks and turkeys were obtained from commercial
poultry raisers and the ruffed gronse from a Canadian dealer. There-
fore the previous histories in these cases were unknown.

TETRAMERES AMERICANA CRAM, 1927 (5)°

Ryunonym : Fevpistras americenns (Crnm, 1087 Baylls, 1520 (2)

Members of the genus Tetrameres and related genera are unique
amony nematodes in bivds in that the feraies do not conform to the
nsual shape of ronmdworms, that is, elongated and cylindrical, but,
after cinfering the glands of the stomach, become globular in shape
ag the body becomes distended with eggs; there are two small pro-

juctions, one of which, the head, 1s at one side, and the other, the tail,
on the opposite side. The worm lies in the gland in such a position
that the tail protrudes into the duct of the gland, to facilitate the
pussage of the eggs, and the head is in the fundus of the gland, to
tacilitate feeding. The female becomes blood red in color (pl. 1),
another unusual characteristic. The males, on the other hand, retain
chroughout life the c¢longated. slender form of body and are prac-
trcally without color. This sexual dimorphism in species of Tetra-
meres, correlated with the {ife habit, has been compared with that of
the chigoe flea. whicll occurs in tropical Americn and Afriea, the
female burrowing into the skin of man and of various domestic and
wild animals, becoming engorged with blood, and its body swelling
te a globular form as it is distended with egps.

7' wmericana is of fairly common occurrence in chickens {(Gallus
yrefTus) in North Amerien, and in some localitics is of considerable
pathological significance. Tt occurs also in bobwhite quail (Cofinus
rirginianus),

DEVELOPMENT IN INTERMEDIATE HOST

Embryenated cpgs of 7. americana, when fed to the grasshoppers,
Helanoplus femurrubrum and M. differentialis, hateh in the digestive
tract. and the larvae pass into the body cavity, where they can be
found in an active, unencysted state for the first 10 days after the
leeding.  They then, penetrate the tissues, chiefly the muscles. and

Slmle numbers in parentiesve vpefer to Literatuve Cited, p 26,
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become loosely encysted ; in heavy infestations all parts of the body,
tncluding the head and the femurs, contain the larvae. On dissec-
tion of tf?ne rasshoppers in & shallow layer of water, the larvae excyst
quickty nn& become very active, In 42 days, possibly sooner, the
larvae are infective for the final host. The vitality of the grasshop-
pers appearcd to be considerably reduced by the infee-
tion; n certain number died, and those which survived
were droopy and inactive, a condition which would make
them easy prey for food-seeking fowls in nature.

The niost striking chaencteristics of the third-stage
infective larve are as follows: Hend end blunt, without
lips or other noticeable structures. Cuticle with distinct
crosg strintions. Total lenpth of body, 1.8 to 1.9 mm.;
first part of esophagns (muscular portion), 216 to 225x
long; second part of esophagus (glandular portion), 540
to 550x long; the ratio .of fotal Tength of esophagus to
total body length is therefore as 1 to about 2.4, ~ Anal
aperture 170 to 184x from tail end. Rectum refractive
to light, as if chitinized. Tail (fig. 1) with a circle of
12 pupillac at its posterior end, the 4 papiline situated in
the lateral, ventral, and dorsal fields being larger and
more curved than the other 8, of which there are 2 in
cnch of the 4 submedian fields. A pair of slender, sharply
pointed papillae are situnted in the lsteroventral field

e}
C-OFTI

T nt u distance of 88z and 100, respectively, from the
e : tnil end.
B G DEVELOPMENT IN FINAL HOST
wmerica .,

Toil of In the experiments conducted by the writer, the third-
mrva E stage larvae of 7. americana obtained from experimen-
telly infocted grasshoppers have proved infective for

young and aduﬁ; chirkens, for the domestic duck {(Anaz platyrhyncha
domestica), for bobwhite qunil, and for ruffed grouse (Bonase

iwnibelfus}. in the esses shown in Table 1.

Tam.e 1.—Development of Telramervs americana in vurions drd hosts

Biris Birds 1 onteal
Host Inr-.ﬁ:futl Numutndush(i!:;rnlnzmd vy m,’;gmd (::Wnrﬁg?
',"\d?; afltur atlve)
ceding fessdIng
MNumber Nawther MNumber | Mumber
Young chickeno... . oo, ol aae A8 | 1 ta 0 ih e f 120
Adult hon..... .. . . T W, .. e ol 0 k)
Magran.._..__ ... e el 1] ia. 2 4
Yourng dueklbng., . . L0 . - | B a; 1
Adulbahuek .. . . . aln el at 1]
Thbw ldte quail ., S . Dl dwd k00 0L Q) n
Hutlfed geovse., . 2 L0 0 L L s, ... 01| i

As regards the negative resulis in chickens, in seven of the nine
negrtive cases the chickens were not killed and examined until from
five to eight months had elapsed after the feeding of the infected-
grasshopper parts; the possibility suggests itself, therefore, that the
chickens in at least some of these cnses may have been lightly in-
foeted and that the life of the parasites was not five to cight months
inng in those cases.  This supposition is borne ont by the finding
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of a disinte%mted female specimen of Tetramsres in the wall of the
proventriculus of one of the chickens, killed eight months after the
experimental feeding; the red color had disappesred, and the cuiicle
was partially disintegrated, but the mass of coiled uteri and the
black saclike intestine remained. :
The difticulty in producing experimental infections of ducks—
only one specimen ot prruasite, a femnale, developing in the case of
the young duck and
no parasites develop-
ing i the adult duele—
suggesls  that  Jucks
are not novnml hosts
of . comericann. Thix
observation is  sub-
stantinted by the fact
that natural infesta-
tions of domestic
ducks with this para-
site have never been
discovered in this
country, so fur ns the
writer knows, This is
contrary to the gitua-
tion in Europe, where
the reports of the
European species, 7.
fissispina, ure as fre- Figeu = Imwatgre o o e ar 15 e
(}twnt from ducks as  chicken. Abont thirty times nntural size
rom chiclens, if not
more so.  The difference it the intermediate hosts of the two species
may be correlated with this difference in final hosts, the species
found usuaily in ducks and other water birds having as intermediate
hosts auatic erustaceans, as noted in the introduction to this bulle-
tin, :m(ll the species foumdl normally in chickens having as inter-
medinte hosts terrestrial insects, grasshoppers. Gallinaceous birds
would ingest crustaceans accidentally in their drinking water with
much grester frequency than water birds would ingest terrestrial

Fravae 3. ~Posterlor end of male Teleameres smerioiia

insects, such as grasshoppers: the wider range of bird hosts for
7. fissispina is, therefore, easily understood.

Natural infestations of bobwhite quail with 7. @mericane have
been noted, but the present report of experimental infestations in the
ruffed grouse and pigeon nppenrs to be the first obhservation of this
parasite in these hosts.

RATE OF DEVELOPMENT

As regards the rate of development, the following observations have
been made: Eleven days after being fed to a chick the larvae were
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recovered from the surface of the mucosa of the proventriculus as
fourth-stage larvac which were about to shed their cuticles for the
last time, or as immature adults with as yet no noticeable sexual
differentiation. After 14 days the immature females (fig. 2, B
were in the glands of the stomach and displayed primary and second-
ary sexusal characteristics. the most noticeable being expansion of the
body and the presence of ovarian and uterine cotls confined to the
intestinal region; these developments were accompanied by the ap-
pearance of the fonr longitudinal, cuticuiar bands which later con-
stricted the body. The males (figr. 2, 4) were at this time still on
the surface of the mucosa and as yet showed no adult characters,
After 16 days no nematodes were found on the surface, even by gentle
scraping of the mucosa, but some were expelled upon squeezing of
the glands, the males often appearing simultancously with the fe-
males; the males thert showed their adult characters, namely, fully
developed spicules and spines (lig. 3). the latter alonyg the entire
length of the body. At the end of 19 days und also at the end of
25 duys a few males were collected from t%w surface of the mucosa,
but most of them were more deeply embedded. The males had at-
tained their maximum size at that time. The female body had ex-
panded considerably, but its total length had decreased with the ex-
pansion in width; the intestine had become saclike, and the coils of
the ovaries und uteri had increased but as vet contained no eges,
Both males and females showed evidence at that stage of having fed
on blood, the heads of the worms and the contents of their digestive
tracts being stained with blood. Small, petechial hemorrhages wene
to be seen in the glands where worms were sitnated, and the wall had
become greatly thickened and congesterd.

There is evidence that this period of invasion of the stomach wall
is the period that most seriously affects the health of the chicks,
as it was then that the largest number of .deaths ocenrred, and in
nonfatal cases that the most severe clinical symptoms, emaciation
and droopiness, were noted. That the diet may play un importaut
part in the chicks' resistance at this stage is indicated by the fact
that of a proup of four infected chicks which were bemng fed
vitamin-defictent diet, that is, one in which no yeast or cod-liver oil
wag present, all four died, on the eleventh, thirteenth, fourteenth.
and twenty-Aifth day, respectively. whereas of a comparable group
of four infected chicks on a vitamin-sufficient diet, none died. Con-
trol ¢hicks on the vitamin-deficient diet survived the period of ex-
perimentation, so that the conclusion is justified that the severity of
the parasitic infestation was correlated with the vitamin content of
the diet. More extensive experimentation along this line is highly
desirable, being of considerable practical impertance.

By the twenty-ninth day practically all the males had returned
to the surface. only an oceasional one being found in the glands.
At this period the females for the first time showed the bright-red
volor of the body: the saclike intestine was seen within the body.
appearing very black in color. since the uterine coils were not yet
sufficicuily opaque to obscure it

At the end of 33 days the females were gravid, bul the eges were
not vet embryonated; after 45 days the eggs were embryonated. and
development was c¢omplete. except that the maximum size had not
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yet been attained. AL 2 months the size was approximaiely the sune
as at 45 days, but at 3 months it had increased to the maximum.

These observations as to the location of the male specimens of 7.
americana differ from the descriptions of the behavior of 7', fissisping
in this respect: In the latter species the mating of male and female
is said to occur on the surface of the mucosa. the females then enter-
ing the eanals of the glunds of Lieberkuchn and the males remuining
in lhe lumen of the stomuch.  In the Awmerican spevies, on the other
hand, it s evident that the female sex characters appear at an ecarlier
cdate than those of the male. The female enters the gland before
{he male becomes ndult. The male follows later and, after the period
of muting has passed, again returns to the surface of the mucosa

Table 2 summmarizes the rate of development of 77 (r,f;_m.’wcm.!a.
as shown in the measurcinents made at different stages in its
developmoent,

TaiLy 2. Measurcments of Telrameres amerivana ol various stages Ln its deeclo parent

In cliicken wi—-

Ty prasshopper . :
Part miensired at 42 days - I odlays [ERI TN 1 ebeys
thaled stuge

=2

- . . . - - pom— ¢ e eem . R,

Thapedw lengethe - LR bR e, 2Amma. ROwmn_. 2Bmmo_ S0 mne . 38 nun,
ly width CoRtode oL T 0 WS MNuooo_ Ll Dt e Wi,
‘Uil ek Lo A0 to iRSe . .. D8Nu, . 38p g Willa. . L by,
Vitlvn from it emd L L e s AW L e
Hpiries . . e e oo 3 e 118,
Ky . . . L Present withe-

nut shells,

in ¢hivken al

[tars - . - -
ntessaredd ' g d5 tuyvs EERL ik

4

Pely teupth | Shmbt.. . G2 . T mae... L A3t d2 w4,
Pady widlh hmm 2 . b, . dmm ERTTIEN
‘Cotl Yengih Hiky . 2SRk Hhdp. 2abip . .
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LTI (LTI 3+38 i by a- ) i.;.. :
bryamtied., . bted, enybryo-
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CHEILOSPIRURA HAMULOSA (DIESING, 1851) DIESING, 1861 (8)

Syononvigs: Splreplers hamulose Dleslng, 1851 {7) ; Dispharagus hamulosus (Dlealng,
1851} Ntosslch, 1800 (13) ; Spiroptera perforans Contoscudl, 1911 (4) : Acugria hamu-
tos (Dlesing, 1851) Raliliet, 1911 (12)

Cheilospirura hamulosa is cosmopolitan in distribution, eccurring
most frequently in the chiclken but being known also in the tuckey.
The nematode is found in the gizzard, associated with suall, fleshy
urowths on the surface of the muscular wall, under the corneous
lining, or in burrows in the wall. There is an opening leading to
the mner surface of the gizzard for the passage of the cggs of the
gmrasite: these openings are often circumseribed by a rough, brown-
colored arean on the inner surface of the
corneons lining.

In the United States . hamuloso is wide-
spread in distribution and in some locali-
ties is the cause of numerous fatalities in
infected flocks.

DEVELOFMENT IN INTERMEDIATE HOST

Attempts to produce infections in cock-
ronches, sow bugs, ground beetles, and
crickets were unsuccessful; however, as
the result of similar feeding experiments,
twe species of prasshoppers, Melanoplus
Femarruhrun, and M. differentialis, were
found to be capable of scrving as inter-
medinte hosts of C. hamufosa. The larvae

0-71:1 which hatch from the eggs migrate into
Fieewe 4. Cheilospirgr: kam- the body cavity of the grasshopper and
wiwer.  Thirdxlnge inrva v B .
from gresshopper develop among the tissues, chiefly in the
muscles, to the third stage, which is infec-
tive for the bird host, At this stage the nematode is tightly coiled
upen iself, and the tissues form a thin-walled eyst around 1t. The
larvae uncoil very slowly when the tissues ave dissected in a small
quuntity of water, und they seldom become more outstretched than
tlha position shown in Figure 4. The coiled form and relative inac-
tivity of these larvae malke them strikingly different from the corre-
sponding larvae of Tetrameres americana, when the two species of
nenuitedes vceur in the same grasshopper.  As noted previously, the
larvae of 7'. americana quickly uncoil and become very active in
waier.

The third-stage larva of €. hamulose ts T00x in length by 44p to
i0u wide, A striking characteristic of this larva, as also that of .
spinose {p. 14) and, therefore, possibly a generic character, is the
reversal of the curve of the body which is made by the tail. (Fig. 4.)
'I'he head end (fig. 5, A) is rounded but has two prominent lips and
{our conspicuous submedian papillae, There is no evidence of cor-
ddons such as are seen in the adult. The anus is 96« from the end
of the bedy. The tail end of this larval form of €. hamadosa bears
four comparatively long digitate papillae (fig. 5, B); one, on the
dorsitl surface. is Invger than the others. The two lateral papillae and
the ventral papilla are approximately the same size. On the dorsal
surface, at the base of the papillae, the cuticle projeets slightly, as a
collar, A comparison of these tail structures of the larva of &, hama-
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losa with those of €. spinosa (fg. 12, B) shows them to be similar in
number and in general arrangement but slightly different in shape
and considerably different in size; €. Awmulosa, which is the smaller
Iarva, has the larger caudal papillae.

DEVELOQPMENT IN FINAL HOST

As a result of feeding third-stage larvae of €. hamulosa dissected
from grasshoppers, the remaining stages of the life cycle of the nema-
tode have been obtained experimentally in the final host. The larvae
were found to be infective for chickens as early as 22 days and as
late as 67 days after the ingestion of the nen'latoc){'e eggs by the grass-
hoppers. The results of the experiments were as follows:

Young chickens: Positive results, 16 cases; negative results, 15
cuses; controls {all negative), 198. Negative results were also ob-
tained when feedings were given to a chicken, a pigeen, a ruffed
grouse, a bobwhite quail, and a turkey, all these birds being adult.

In the 16 cases in which chickens were infected experimentally
with €', hamalosa, the nematodes were collected from the gizzards
of the fowls at varying periods, ranging from 11 days to 914 months;
in 7 of the cases the nema-
todes were adult when col-
lected, whereas in the other
9 cuses immature specimens
were obtained. Observa-
tions made in this way as to
the rate and location of de-
velopment include the fol-
lowing:

C.  hamulose larvae col-
leeted 11 days after the feed-
ng Of.thc Ch.l('.l"'un from the Fiaure 5,—Chelloapirura hamulosd; A, head end ;
underside of the corneous B, tall end of third-atage lurva
lining of the gizzard, pos-
sessed the head and tail characters of third-stage larvae, but had
attained a length of 1.2 millimeters and a width of 64x. Sixteen
dnys after the feeding of the chicken, however, larvae collected from
tlus site showed characteristics of immature adults. Sexual differen-
tintion was apparent in that the nematodes were of two sizes; the
lurger ones clearly showed the primordia of the vulva and ovejector.
The cordons were conspiciious in the submedian fields of the cuticle,
and the lead structures resembled those of the adult. Measure-
ments made of the nematodes at this time were as follows: Male, 2
millimeters long by 72x wide; anus 200 from tail end; cordons
extending posteriorly from the head end for a distance of 340u.
Female, 2.5 millimeters long by 72p wide; a primordium of vulva
somewhat posterior to middle of body, dividing body length in ratio
of 9 to T; anus 190« frem tail end; cordons strongly developed for
a distance of 288, and discernible for an additional 360, from the
head end, At the end of 19 days the males were 3 millimeters long,
with cordons developed for a distance of 780u from the hend end;
the females were 3.8 millimeters long, with cordons 1.2 millimeters
long. Throughout this period of development the nematodes re-
mamed on the surface of the muscular wall of the gizzurd, under
the corneous lining; at the end of 25 days, however, they were found

21726°—31—2 '




10 TRECHNICAL BULLETIN 227, U, 8, DEPT, OF AGRICULTULE

to be penetrating the muscular wall, the head end being inserted.
Males and females did not enter the wall through the same opening,
but one of each sex was often found in close proximity to the other.
Measurcnents mude at this time were approximately the same as
those made at 19 days: Male, 2.7 to 3 millineters long by 100z wide;
cordons well developed for a distance of 800u; cloacal aperture abont
218u from posterior end; spicules and caudal papillae faintly dis-
cernible but not well developed.  Female, 3.8 millimeters long [N
125p wide; cordons well developed for a distance of 1.4 millimeters:
vitlva dividing body length in ratio of 8 to 2; anus 225, from
posterior end.

Between the twenty-fifth day and the time when the nematodes
became muature, at about 76 days, they were extremely difficult to
locate.  They had disappeared from the surface of the zizzavd but
liad not yet made any observable tunnels, apparently having pene-
Frated deeper and deeper into the tissue, between the muscle fibers.
Females 6.2 millimeters long by 188 wide were collected at the end
of 28 daxs; the eggs were begimning to form in the ovaries at that
time bnt were still very elementary. The vulva divided the bady
length in the ratio of 5 to 3; cordons were discernible to a point some-
what posterior to the vulva. Males collected at the end of 61 days
were 4.7 millimeters long by 1884 wide; the cordons were discernible
to within 880z of the posterior end of the body; the spicules were
well formed, the long, slender spicule, 1.25 millimeters in length,
being just six times the length of the short, stout spicule, which
mensneed 208p. - Caudal papillae were well developed. At the end
of 76 days both males and females were collected ; the tissue re-
action was noticeable at that time, a small nodule having formed
around the parasites. The males at that time mensure 18 millime-
ters Jong: the longer spicule is 1.5 millimeters, the shorter spicule
220u in length; the females are from 15 to 17 millimeters Jong and
embryomted egas are present in the uteri. Development appears
to be complete at this time except for the fact that female specimens
collected nt Inter periads, namely, at 8, 824, and 914 months, exereded
17 millimeters in length, attaining a maximnm size of 22 millimeters.

It is thought probable that the mortality rate is high among the
immature specimens of . hamulose during the period of invasion
ot the thick, muscular wall of the gizzard., It was found that a
comparafively Iarge number of larvae must be ingested by the
chiicken, in these experimental feedings, in order to obtain an infee-
tion. Several of the nnsuccessful attempts reported above as nega-
{ive findings were cases in which only from three to six larvae were
fed to the fowl. Others of the negative findings probably do not
represent actual noninfection of the chicken hut merely faiture to
locate the larvae during the period when they were briried in the
wall and were still so small that they were found only after pro-
longed microscopical search, if at all. Aside from such considera-
tions, however, the fact that early examinations, that is, up to 25
davs after the initial infection, gave positive findings in practically
100 per cent of the experimental feedings, and on the other hand
that about onc-third of the total negative findings were at a period
of two and ounc-half to four and one-half mnonths after the feeding
and thus at a time when the worms would have been fully grown
if present. indicates that a certain proportion of theinvading nema-
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todes never develop to maturity. It is possible that the general
state of health of the fowl may be a factor in determining whether
the nematodes successtully accomplish this invasion.

As regards the site of invasion, the larvae of (. Ahemndose ap-
peared to burrow under the corncous lining of the gizzard at its
anterior end, near its junction with the proventriculus where the
tissues ure softest.  They were found in that avea in the early stuges,
that is, at 11 days. Later, however, they were well distributed over
{he surface of the muscular wall of the gizzard and were found at
25 days penetrating the musculi laterali as well as the mascull in-
termedii. On the other hand. in the experimentally produced infec-
tions, the final location of adnlts, with accompanying tissue damage,
wag always in the museali intermedii, in the comparatively soft,
thin area on the side of the gizzard opposite the openings of the
stomach awd ntestine. _

Table 3 sununarizes the rate of development of €. kamadosa, the
measitrements having been made at various stages, as indicated.

Tanne 3.—Measurenends of Chellospivure hamulose ol varions stages in its
develoment
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DESCRIPTION OF ADULT FARASITE
The descriptions of €. hamulosa given in the literature have been

lacking m certain important respects. Von Drasche (9) furnished
good descriptions and illustrations of the head (fig. 6, B) and of the

Prirag B=-hedlospirece hemutosn; A, Cordon s 15, Rend 1 O male {all, After yon
Draxelw, 1884

cuticular cordons (fig. 6, A}. The cordons are one of the most im-
portant differential characters of this species; the double row of
rregularly placed plaques extending posteriorly from the head end
for at least two-thirds the length of the body
furnish an_easily recognizable specific charac-
ter, Von Drasche explains, however, that on
account of the poor eondition of the specimens
availuble to him his description of the male
tail, especially as regards the preanal papillae,
is incomplete. He <lescribes four pairs of post-
anui papillae, two of which are simall and near
the tail end, and two other pairs very large
and separated from each other by a consider-
able distance; he pictures (fig. 6, C) an addi-
tional small pair just posterior to the cloacal
aperture.

Centosendi (4) added to these observations
made on the male tail, in his description of
Spiroptera perforans, which species Railliet
(72} in n enitical review of Centoscudi’s paper
showed to be synonymous with the species, .
hamalosa, under discussion here. Centoscudi
dlescribes the tail as having two large papillac
near its posterior end and eight additional
pairs, four of which are preanal and four post-

Fioune T.—Male tai1 of anal.  His drawing of the tail is shown in

. _f';‘ke'i!'o&pi;?ra ('.?m;n-u- Figure 7.
ost.  After  Centos- . .
cudl, 1911 The tail of the male specimens of €. hamau-

losa 1s tightly coiled; this fact and the density
of the underlying structures in the region of the cloacal aperture and
immedintely anterior to it make discernment of the eaudnl papillac
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very difficult. The writer was able to straighten out the tail ends
of eight male specimens and by slight staining with gentisn violet
and subsequent clearing of the specimens in ethylene

%lym} was able to bring the papilize into sharp re-

tef. Observations made on these specimens, which

were from 9 to 13 millimeters in total length, include

the following:

Cloncal aperture situated at a point 416x to 488p
from the tall end, surrounded by an annular projec-
tion, refractive to light, chitinous in appearance.

Short, thick spicule (Eg. 8), in the shape of a chop-

ping knitfe, 200x to 220x long by 64x wide as viewed

from the dorsal surface. Long, slender spicule 1.6

to 1.8 millimeters in length by 12p in width. Ten

pairs of cauwdal papillae (fig. 9), of which four

sniall pairs are preanal and six pairs postanal. Of

the postunal papillae, three pairs occupy the space

which makes up the first third of the length poste- rFitne S—Shor
rior to the cloncal uperture; each pair of the papillie  apirura hamulose
of this group becomes progressively somewhat larger )
in size than the pair anterior to it. A consid-
erable distance separates this group from the
remaining three pairs, which occupy the pos-
terior one-half of the tail length, The middle
pair of this posterior group is always the
smallest. The arrangement of the six pa-
pillae which make up these three pairs varies
considerably in different specimens,” often
being asymmetrical. (Fig. 10.)

In a full-grown female specimen of €.
homulose, 22 millimeters in length, the vulva
was located at a point 10 millimeters from
the posterior end of the body and was thus
slightly posterior to the middle of the body;
the anus was about 590x from the posterior
end ; eggs dissected from the uterus were 40x
long by 27. wide.

s IR
STCETRTT SRR IEE p

it IR L R
p .r\mfl«_;grp’-.‘.'".’l A (] o
o i TR .

CHEILOSPIRURA SPINOSA CRAM, 1927

Bynooym ; Acwarie (Cheileapirura) species Stofseth ki
Hotlitn, 10925 (I7)

This parasite was first reported from the
ruffed grouse (Bonasa winbellus) of Michigan
and was subsequently found in that bird in
Minnesota, Wisconsin, New York, Massachu-
setts, New Jersey, and Pennsylvania (7). It
has been collected from bLobwhite quail {Col-
inus virginienus) of Tennessee and of Vir-
ginia, which localities are within the range of
Figyun ©-—Male tail of the ruffed grouse, but has never been found in

fospirura hamuiotd  augil in States farther south, although an ex-

piny ey,

-
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tensive search has been made for it.! These findings sugpest that the
nematode was originally a parasite of the grouse and has spread from
it to quail.

In ruffed grouse the percentage of infection was reported by
Allen and Gross (£} as varying from 14 to 42 per cent in different
States.  As regueds quail, Stoddard * found approximately 60 per
cent infection of birds from Tennessee, and the writer fownd approxi-
mately 90 per cent infection among quail which were balf grown
or fully grown, originating from a small arew in Virginia, the quail
being vlptlvo birds of \\hlch the original stock bned been obtained
from the mountainaus regions of that State.

C. spinosa ix loeated in the gizzard of the bird host, on the under
side of the corneous lining, producing tortuous paths between the
lining and the museniar w ;all. When' the nematodes are present in
considerable numbers they may produce noticeable damage to the
rizzard, as subseruently deseribed.

DEVELOPMENT 1IN INTERMEDIATE HOST

In attempts to discover possible intermediate hosts of this nema-
tode, feeding the worm’s eggs to covkroaches, ground beetles, sow
bum.. and an]u_ts gave
negative L'esult W hEL("lH
in two species ot FLASS-
haoppers (IUEZEIFO})?HQ

]
o . femurrubrum and M.
° differentinlis)  infesta-
) Yo tions were successtully

produced.  Nematodes
Fiormg 10.—Niageam of variations in arranzement of  from  quail were fivst
E;:;:E”;:ﬂ;;::;:i!:;;nsﬁlm|1| ol cundal popillae of  Cheifo- 11“0(1 and  the (‘\l'.l(.‘ll-
ments  vepeated  later

with nematodes from grouse. with the same resuits. The farvae which
hatched from the nematode eggs migrated from the digestive tracts
into the tissues of the 'r:asahop])e:, chiefly into the museles of the legs
and of the inner surface of the body wall. At the end of 25 days they
were loosely encysted and had developed into third-stage larvae, the
stage which is infeetive for the bird host. The larvae uncoiled slow ly
when the tissues were dissected in water. These thivd-stage laevae are
850 long by 40x wide; the posterior end of the body is Dent shar ply
buclews .11’([, reversing the curve made hy the anterior "part of the body
(fig. 11), n trait scen also in the third-stage larvac of €' hamulosa.
(Fig, 4.)  The tail end bears four digitiforin papillae. three of
which, occupying the ventral field, are smaller than the fourth. which
is situatedd in the dorsal field. At the base of this dorsal papilla
the cuticle forms a collar with projects slightly as scen in lateral
view., (Fig. 12.B.) These tail structures are gsimilar in number and
in form to those of €. hamuiosa (fig. 5. BY, but smailer in (. spinosa
than in ¢, hamwiose. The head end of the larva of 0. spinose is
provided with two large. lateral lips: at their base the cuticle forms

CITL Lo Staddard examioed over 400 qoall from the Southeastern Stotes: a repart of this
=tudy fs now in press,
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a distinet collar, which projects anteriorly in the dorsal and ventral
fields. (Figs. 11 and 12, A.)

DEVELOPMENT IN FINAL HOST

As o result of Feeding the third-stage larvae of (. wpinosa dissected
Front grasshoppers. the remuinder of the life evele has been artifi-
cially produced in the final hosts as follows:

Bobwhite quuail : Positive results, 10 cases; negntive results, 0 cuse:

controls {nll negative}. 13. Ruffed grouse: Positive results, 1 case;
negrative resnlts, 0 ease; con-
(rols {all negative), 5 In
addition, live attempts were
made  to  infeet  young
vhickens, all with negative
resilis,

Cross transmission of the
parasite from mflfed grouse
Lo quail was .ummpllshed
soven of the experimental
infections of quail. as well
as that of the rnffed grouse.
being produced with larvae
which had been des ~eloped
from  material  originating
from the grouse; in the
remaining  case of experi-
mental infection of quaail the
or 1“"I|'I ll mater ]sll WS Lle-
rived from the quail.

Observations muule in the
('(}:III‘SG of the E]e"('lol?mf-f“t Fraree 11.—"Third-slnge rva of Cheitoapirara spi-
of . spinosa in quail in- stsw from grasstopper
chirle the following: Four-
teen days after the f('le(lmrr of third-stage larvae, the parasites were
found underneath the corneous lining of the frlzmul as tourth-stage
Lurvae or inmnature adults. Sexual Uifferentiation was apparent af
this time; the larger nematodes. £.5 mm. long by 120, wide, displayed
a vudimentary vulva and the primordia of the uteri at approximately

the middle of the body

length. The cordons could

i be scen extending posteriorly

for a distance of 187u from

the head end; the tail was

i ff 218k long. The smaller speci-

-G mens, apparently males, had
o not developed sexual charac-

teristics to the extent seen iu

" _ the females; spicules, caudal
Fioene [2—gnetlosplure xpineses 2 aead 2di wlne, and ’caudal papillae

were still lacking. These
specimens were 8 millimeters long and 88y wide; cordons extendeil
Tor a distance of 125, from the head end; the (il was 224u long;
primordia of the testes were npparent.
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Fiorue Uh—Cheileapirira spinose: A, head end ; B, elemoents of eordon; O, vulva
D, femule tall; E, splenle

Fraver 14.—Mazle tall of Cheilo-
spirurg spinosd, as seen when
coiled nnd when straightened
ant

Thirty-two days after the experi-
wental feeding of the bird host, the
nematodes had fully developed sexual
characteristics; eggs were present in
the uteri, but in small numbers and
were not  yet embryosated. Neither
males nor females had reached their
full size, however, the males being
8 millimeters long and the females
L8 millimeters long at that time.
At the end of 45 days, embryonated
cges  were  being  deposited by the
females, and the development of both
sexes appeared to be complete. The
fenales at that time were 35 milli-
meters, the males about 12 millimeters
long. In ruffed grouse the nemuatodes
attained a greater size, the males be-
ing up to 20 millimeters, the females
up to 40 millimeters long. The adult
characteristics are shown in Figures
13 and 14.

In cases of heavy infestation, both as
found in nature and as artificially pro-
duced, the gizzard lining may be hemor-
rhagic and necrotic and the wall flabby
(figs. 15 and 16); marked proliferative
changes were noted in the gizzard wall
in one of the quail, associated with a
heavy infection of 84 days’ duration.
(Fig. 17.)
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Fraung 15, —Upper surinee of corneous lining nof gizzard., showing
hemurchagte necrosls,  Cheitpspivrera sapineas protvoding {rom
underslde,  Experimental infection of fuled pgrotse

Fiovre 10.—Undersurfuce of corncous Uning of gizzod, aud oxposed musculne
wall, showing Cheitospirira splrgsa and dapage produeed by them.  LExperl-
muentel talection of raffed grouse,  Actual size
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DISPHARYNX SPIRALIS (MOLIN, 1858) SKRJIABIN, 1916 (16}

Synonyms: Disphavagus spivallz Molln, 18568 ; D, waswius of Plana, 1807 (1111 D, aplraliy
(I-;;ilf_r:ﬁw:}:) Beltdré, 1010 {0} ; Acuarie spivalis (Molin, 1558) Railllet, tleoey, nnd Hisoil,

The adult forms of these spirurids are short and comparatively
thick, white worms, with the body curved or rolled in a spiral

ey IV-—rolifentive chonges in gizzard wall of experimentally infeeted quail,
St odays after Infection with Cheiforpirieg gpinesa.  (Nemipbudes not te Lhe seen
nd they were attached to the unlerside of the cornevus lining, which has heen
removed,)  Two times actuel size

(IFigs. 18 and 19.) Their usual loeation is the glandular stomach.
or proventrienlus, where their heads may be deeply buvied in the
wall. The characteristics of the head end of D. sp/rafis may be seen
in Figure 20, and those of the male tail in Figure 21.

Thig parasite is not of common occurrence in the United States,
hut its (llistrihution covers a wide terrilory aml a wide range of do-
mestic and game birds, It has been collected from the Hungarvian
partridge (Perdiz perdiz) in Wisconsin, the ruffed grouse in Wis-
consin and in the New England States, the bobwhite quail in New
Jersey, the turkey in Maryland, the chicken in Louisiana, the pigeon
in Texas, and the guinea fowl ir Porte Rico. The parasite is po-
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tentinlly, and in many cases actually, highly pathogenic; in the case
of pigeons the parasitic disease may result in high mortality amon
domestic birds, and in the case of ruffed grouse it has been considere
the probable cause of deaths of birds in the wild.

DEVELOPMENT IN INTERMEDIATE HOST

In the search for possible interinediate hosts of /2. spirelis in the
United States, cultures of eggs of the nemstodes collected from

Frovar 'S Mobe of JHsphorgne apivafis. Alter DMiing, 1857

riffed grouse were fed to sunils, shugs, carthworms, millipeds, grass-
hoppers, leal hoppers, crickels, cockronches, ground beeties, beetle
larvae amd isopods {sow bugs). All the results were negative except
i the case of the isopods, m two species of which, Porcellio scaber
aml drmadillidium vulgare, the eggs hatehed, and the larvae con-
tinued their development.  After four days the larvae were found
among the tissues of the Lody cavity of the isopod, distributed
throughout the whole body length. They were outstretched, not
coiled, and only very slightly active when re-
woved in o small gquantity of water; they were
from 1704 to 192z long by 12u to 14p wide at
that stagre of their development.  After 14 days
in the isopod the larvae were seen to be about to
shed their euticle, the sheath protruding at both
ends of the body, or in sume cases to have already
shed i1, these fatter larvae {sccond stage) being
somewhat larger than those still retaining the
sheath {first stage}. The largest larvae were at "0
that time from 1 to 1.2 millimeters in length by of Disphuryta spi.
K = : R H AT - . ratfs,  Alter Itinna,
50p to B6u in width; this width being compara- 1857
tively great, they presented a stocky appearance,
which was sccentuated by the fact that the head end was very bluntly
rounded. There were no lips at the mouth; the total length of the
esophagus {including the pharynx) was 3004 to 330z; the excretory
pore was prominent in live specimens, being situated about 85 to 90
from the head end, The tail was short, tapering very little but with
a small point at the end. The larvae were very mactive ot that stage,
merely giving little jerky movements, chiefly with the anterior part
ot the body.

Development of the larvae in the intermediste host was com-
pleted within 26 davs: that is. the larvae reached the infective third

"
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stage. There is no evidence that these larvae were encysted or even
coiled, as is often the case with third-stage spirurid larvse, in the
tissues of the arthroped host; they emerged from the tissues very
quickly when the isopod was partially dissected in & small gquantity
of water., This third-
stage larva is from 2.9
to 32 millimeters in
length by G5p to 8hu
in maximum width.
The head end tapers
little or not at all, hav-
ing a bluntappearance;
there are two smuall,
pointed lips and four
sibmedian  papillac.
{Fig. 22, A) 'There
is no evidence of cor-
dons such as are pres-
ent in the adult form
of the nematode. A
slender, distinet phar-
ynx, 60x to T0s long, is
followed by a 2-part
- csophagus;  the first
PoreisE .. part, the muscular por-
Fioune 20,—Head end of  tion, 1 276 to 320u
Dispharyne spiralia, *
After Neurat, 1917 long; the second part,
the glandular portion,
is about 720u long; the excretory pore is 175z
tIO IQO,uﬁ from the head end.” The tail is
short {fig. 22, B}, the anal aperture being
135p to 145z from the posterior end. The G b ey O
rectnl glands are very conspicuous. The tail
end is without spines or papillae, but the tip is rounded and slightly
set off by a constriction from the vegion anterior to it.

DEVELOPMENT IN FINAL HOST

Third-stage larvae of 7, spiralis vecovered from the two species of
isopods, the isopods having been fed on eggs of the nematode col-
lected from the ruffed grouse, were fed to bird hosts, with the results
shown in Table 4.

TABLE +—Development of Dispharyns spiralis in varicus bird losts

13
iy F.\'eguti\'e'
Pasitive resulls ‘ Tesults .
" i -'("ontrois
Host Birds in-| Newmn- [ Birds oot E?‘ltli{.’gf'
feoterl | tores de-| Fafeeted
after velopod after
fepding | per bird t foeding
Number | Number | Number | Number
Ruffed RIOUSE. i ie i e e ieie s e e s i 110 G 5
Bobwhitequadb. .. . ... . L. ... ... .. 31 2-12 Q. [}
Pigeon . | 3. -0 0! 2
Uideken.... . ... 0. 1] ¥ k 19

' Of these netratodas 5 were males nid 5 females, 4
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The nemetodes were fully developed, the female worms bein
gravid and their eggs embryonated, 27 days after the ingestion o
the larvae by the bird host. In all cases the adult nematodes were
concentrated in one aren of the proventriculus, and this aren was
thickened snd ulcerated. The heads of the worms were found
tightly buried in the wnll and on being forcibly extracted were
seen {0 be stuined with blood. None of the birds showed serious
clinical effeets from the infection, possibly because of the small
musber of nemutodes present in cach case.

The explenation of the negative results in the case of the ex-
perimental {eedings of chickens is not apparent. IFrom 2 to 20
lurvae were led in these eases, the larvae oviginating from several
different lots of isepods {all specimens of Porcellio scabery, and
being fed to young chicks ranging in age from 6 to 20 days af the
time of feeding.  Specimens
colleeted from the chicken in
natural infestations were cou-
prred with those from the rufted
grouse, and no morphological
differences of importance wore
to be sven.  In these experi-
ments, however, all the material
originated  from  the ruffed
erouse, and it is possible (hat
n bivlogieal strain has beeome
estabbished In that host and
other gime birds, the game
birds being new hosts, if one
uiny judge by the fact that the
records of cdllection of the
parasites from them ave all of
recent date us compared with
t]](}sf_: ﬂ.t mlioctgm:s fl‘n!“ do- FiaUrre 2d—"Third-stege larva of Digphdryne
mestic fowls, which are of many spiralis: A, head; B, lafl
years' standing. The chicken . ) . .
may thus have become much more resistant to infection with this
parasite than are game birds.

SEUROCYRNEA COLINI (CRAM, 1927) CRAM, 1930

S¥nouym: Cprrea colind Cram, 1927 {3). The penus Cyrnea Seurat, 1014 (1) has
Leen chuuged to Senraervinen Strand, D28 (10} Strand points out that the former
name was preoecupled by Deshayes Ll 1838, the jatter writer glving a misapeiling for
Cyreos of Lumnrk sod this veror invalideting the name Cyrnen for futire ase
Seurocyrnea colini is of common cceurrence in bobwhite quail of

the Southenstern States. It has also been collected from that host

in New Jersey and from Colinus wirginianus texanus in the Phils-
delphia Zoological Gardens; 1t occurs in the turkey (Meleagris
gallopave) of Georgin, in the prairie chicken {Tymponuchus ameri-
canus} of Wisconsin, and in the sharp-tailed grouse (Pedioecetes
phasianellug) of Wisconsin and Montann. As yet it has not besn
reported from any country other than the United States,

“he nematode is located in the wall of the proventriculus, at its
junction with the gizzard; it burrows into the wall at this site,
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but no pathological condition has been found which was definitely
attributable to its presence.

DEVELOPMENT IN INTERMEDIATE HOST

The writer undertook an investigation of the life history of
N, eolimi as part of a study of the parasites of quail conducted by
the cooperntive quail investigation (report by H. L. Stoddard, now
in press). The nematode is of frequent occurrence in Georgin and
northern Florida, and attepts were made there to infect various
ground beetles and dung beetles, with no success. The study was
resumed at a later date in
Washinglon, D. C., speci-
mens of the parasite having
been obtained from quail
shipped #rom Mississippi.
Cirasshoppers and sow bugs
wave negative results in feed-
g experiments, but in the
case of coclkroaches (Blai-
tella germanice) experimen-
tal infections were success-
fully produced. ‘This species
of cockroach is the one
oI c‘nm‘lrm.r.xly found aronnd
kmbitations, but it is prob-
able that other cockroaches,
such as occur in fields and
woods, are the forms more
commonly serving as hosts.

The larvae which hatch
from the cpges of 8. colind
[eave the digestive truct of
the cockronch and develop in
C e the body cavity. They do

e not appear to cencyst but
develop to third-stage larvae

N among  the tissues, from
0.05 117! : which they quickly emerge
Fioews 2i—Thirkstage inrea of  Seumoprnca when thre-1 cockroach is dis-
SN aptionl wection : ¢ seeted. These larvae arve the
largest and the most active

of all the third-stage spirurid larvae considered in this study.
‘They can readily be scen with the naked eve, being 3.2 to 3.3 mm.
long by spproximately 100p wide. The head end is bluntly
rounded; it is without lips. but the structure underlying the
cuticle suggests the primordin of lips. (Fig. 23, A The
pharynx is 24u deep; the first part of the esophagus 225, the

o ———— e —————

second part 1.2 millimeters long.  The anus is situated 90 to 935p
from the posterior end. The tail ends in a small, bulbous swelling
which is covered with minute, vefractive points. (Figs. 23, B
and C.)

The larvae of 8. colini ave apparently fully developed at the end
of 18 days n the cockroach, ns they o not change in size or appenr-
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ance between the eighteenth and the forty-fifth days; however, 1t is
only at the end of a 45-day period that their infectivity for the final
host has been tested, with the results given in Table 5.

DEVELOPMENT IN FINAL HOST

Third-stuge lnrvne of 8. colind were fed to the foHowing birds with
the results indicated in Table 5.

PasLe Go—-Dcvefopment of Scurecprren oolini in various bird hosis

Killerl
nilor e
4 ontrola
?:,"li::;f;‘.r Hewults {dl ey~
shown uiiva}
traliw ;
3

Quadl: ' " Number
No. : ]

Posltive; 12 specimens. . e e e s
Negathe.. 0L . e e ]
NuJ . Positive; 18 specimens.
hieken
Nl 3 Pesitive; dspeelimiens oo L L ciaes Leoas
Na, B . H N . i s
Turkey. . : V L SR

The specimens coltecled from the quail and from the chicken at
the end of 13 days were composed of fourth-stage larvae and imma-
ture adults. The former were 4.2 millimeters in length at that time:
the head structures were not fully developed, and the bulbous swell-
ing was still present on the tail. Of the immature adults which
were alsy present, the males were 8.0 millimeters long; the caudal
alae and (he caudal papillae were well formed, there being 10 pairs
of the latter, 9 pairs of which were situated Iaterally and 1 pair, just °
anterior to the clonenl aperture, situated slightly more ventrally.
The females were 6.3 millinieters long; the loeation of the vulva was
A2 and that of the anis 1¥Hp, from the posterior end.

The specimens collected from the quuil 41 days after the experi-
moental feeding comprised 13 females and 5 males, When collected
they were stained with blood pigment, especially in the case of the
males: the pigment was most noticeable in the head region. The
males were from T to 8 millimeters long by 175 to 200 wide; the
spicules were 2 millimeters and 384x long, respectively. Develop-
ment was appavently complete at that time; in a consiclerable num-
ber of specimens collected from natural infestations the males were
G Lo 10 willimeters long, with the spicules 2 millimeters and 365 to
400, long. respectively. The females, at the end of the 4l-day
period, were from 13 to 15 millimeters long; the eggs in the uteri
were embryonated and were shown to be infective by experimentul
feeding to cockroaches, with subsequent development of third-stage
lnrvne in that host. It is probable that the females Increase some-
what in size after the forty-first day. as specimens collected in natu-
ral infestations had a maximum length of 18 millimeters. The anus
in adult female specimens was 260 to 332x from the tail end, and the
vilva was 760 to 960 anterior to the anus. (Fig. 25, B and C.)
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The head structures of adult specimens of S. colini are very dis-
tinctive. (Fig. 24.) There are four lips, of which those sifuated
dorsally and ventrally are deeply divided into two parts, in such &
manner that in lateral view the head appears to bear four conspicu-
ous papillne. Each of the four parts of these lips bears on its outer
edge & prominent thumblike extension. The lateral lips are very
large; each bears two digitiform precesses on its inner surface and
two lateral winglike expansions which project into the median groove
of the dorsal and ventral lips in such a manner as to give the appenr-
unce in some views of being processes from the latter lips.

The male tail (fig. 25, A) is also distinctive, the cau(lljal alane being
short and wide, with conrse, transverse strintions. The number anﬁ
position of the caudal papillne vary slightly. Nine or ten pairs may
be present, or occasionally 9 papillae on one side and 10 pupillae on
the other side; they are usuaily srranged in two practically straight
rows, but in seme specimens one pair, or aceasionally an unpaired
Papilla, is situated more ventrally
and just anterior to the cloacal
uperfure.

The experimental infection of o
chicken here deseribed constitutes
the first record of the collection of
8. coling from that host. The
chicken was only 2 days old when
fodd.

That the three negative resuits,
namely, those in a qaail, chicken,
and turkey, were all cases in
which the observations were made
30 days after the feeding, whereas
the three positive results, namely.
those in two quail and a chicken,
Frovkr M.—Herd of Seurocyrncs eolini: were observations made at 1‘:3 dil-y §

en face view; semldiagrammatic In two cases and at 41 days in one

case, probably represents merely

8 coincidence. But the possibility is suggested that at 80 days the

nematodes are not in the snme location as at an earlier and again at

a later date, and that this fact may account for their not being found

in those cases. Additional experiments are desirable in order to
niake further observations at the 30-day period.

SUMMARY

The present study furnishes information concerning the life his-
tories of six nemntodes of the superfamily Spiruroidea, occurring in
birds; three families, namely, the Spiruridae, Acuariidae, and Tetra-
meridae, are represented. In one case. involving a member of the
Spiruridse, Gongylonema ingluvicola, the adult nemutodes were de-
veloped experimentally in a chicken and a rabbit from Iarvae found
in natural infestations in the dung beetles Phanacus vindex and Cop-
rig minutus. In the other cases the entire life cycle was artificial y
produced. For a second member of the Spiruridae, Sewrocyrnea
eolini, the cockroach (Rlattella germanica) was found capable of
serving as intermediate host. Of the Acuariidae, two species of
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Cheilospirura, €. kamulosa and €. spinesa, were developed in grass-
hoppers {Melanopius femmrrubrum and M. differeniialis) as inter-
mediate hosts, and a species of Dispharynx, ). spiralis, was de-
veloped in isopods {Porcellio scaber and Armadillidivm vulgare).
Of the Tetrameridae, Tetrameres americana was developed in grass-
hoppers (Melanoplus femaurrubrwm and M. differentialis).

ixperimental development of the adult spirurids was accomplished
in the following bird hosts: Letrameres americane in the chicken
(Gallus gallus), domestic duck {Anas platyrhyncha domestica}, do-
mestic pigeon (0031;?:115(3 livin domestica), boebwhite quail (Goéimzs
virginianus), and ruffed grouse (Bonasws wmbellus); Cheilospirura
hamulosy in the chicken; C. spinosa in bobwhite quail and ruffed
grouse; Dispharyna spiralis in bobwhite quail, ruffed grouse, and the
domestic pigeon; and Sewrocyrnea colini in bobwhite quail and, as
immature specimens, in the chicken.

Differential characteristics of the third-stage Iarvae of the five
species of spirurids developed experimentally in the arthropeds in-
clude size, activity, and encystment. The size of the larvae varies

Fiounp 25.~—Sewrnoyrnva colini: A, male il 13, Female tall; C, ovelector

grently, the length being in the cuse of (heilospirwra hamulosa
700k, In the case of (/. spinosa 8504, In the case of Tetrameres ameri-
cone 1.8 to 1.9 mm., in tﬁz case of Dispharyna spiralis 2.9 to 32 mm.,
and in the case of Sewrocyrnea colini 32 to 3.3 mun. The larger the
larvae, the greater the netivity shown by them when the intermediate
host is dissected; theose of D). spirelis and 8. colini are outstretched
and emerge from the tissues quickly, crawling and swimming with
great agility; those of 7. americana are coiled rather tightly but
soon uncoil and become fairly active; those of €. kamulosa and C.
spinosa on the other hand are tightly coiled and comparatively in-
active for a considerable period and seldom become completely out-
stretched under such conditions.  The three smallest lurvae, those of
C. hamudosa, C. spinosa, and T, americana, all of which are in grass-
hoppers, are contained in thin-walled cysts;, but the larger larvae,
those of 1. spiralis in isopods and those of 8. colins in cockroaches,
appear to be unencysted in the tissues of those hosts,

s regards the length of time for development in the intermediate
host, the following observations were made: The infectivity of the
tnrvae for the final host was demonstrated as early as 22 days after
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artificial infection of the arthropod with €. Jamulosu, 25 days after
infection with €. spinosa, and 26 days after infection with D, spiralis.
With 8. coliné infeetivity was demonstrated only at the end of 45
days, but the larvue appeared morphologicnlly us fully developed on
the eighteenth day as on the forty-fifth dav. The infectivity ot 7%
wiericand was demonstrated after a 42-day period, but it is thought
probable that a sherter period would sutbee.

With reference to the length of the perivd of development in the
linal host, before maturity is venched, £, spivalis matured in 27 days,
8. colini in 41 days, T, americuna in 45 days, C. spinose in 45 days,
and (. kamwlose in T6 duys.  The length of this peried of develop-
ment appesrs to be correlated with the Jdegree to which the nematodes
penctrate the tissues of the final host and, when deep penctration
oceurs, to be correlated alse with the density of the tissue, D). spéiralis
does not penctrate, except for the head end of the worm, which is
burted in the muncosa ot the proventriculus; the penetration of ~.
coliné 15 shallow and the tissue soft, at the junction of the proven-
triculins and gizzavd; the penetration of 7% americana is deep but
appears to talce place through the canats of the glands of Lieherkuelin
and to be theretore comparatively easy; that of €. spinosa is shallow
but through dense tissue, namely, the corncous layer of the gizzard
and fnally, the penetration of ¢'. hamuiosa is both deep and through
very dense tissue, that of the muscular wall of the gizzard,

The greatest damuge to the final host was observed during the
period of Invasion of the wall of the digestive tract by the nematodes:
clinieal ellects were most severe and the mortality highest at that
stage.
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