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INTRODUCTION

The objeet of this bulletin is to present the results of an investiga-
tion on the carly developmental stages of nematodes of COINMON, gecur-
rence in domestic swine,  Qbservations on the stages in the definitive
hest of two of the nematodes, Gongylonema pulehrum and Hyostrongy-
fs rubidus, arc only bricfly given, however, since litile is known of
these stages in these nematodes.  The nomenclature of eacl parasite,
its host relationship, geograplic distribution, morphology, and bio-
nomics of its early stages are discussed.

In addition to the scientific interest atfaching fo the new findings
presenied here, there is an cconomic aspect of considernble impor-
tancein that a knowledge of the lifs history and bionomies is essentinl
in formulating control measures for these parasites, many of which
are distinctly pathogenic,

Unless otherwise stated, all wark was ¢lone in the laboratories of
the Zoologicel Division at Washington, D. C.

! Tlis material In this builelin was presented ns w fhesis In Janoaey 1934 f the fnenlty of the Graduante
Beliool of Lhe Uearge Washiuglon Universlty in paridal fulfifiment. sf tha renuirerients for the degren of
daetor of philosapliy.  The writer is indebted o ussockales In the Zoologien] Division Inr suggestions unef
eonstruelive erlueisis in its preparation. 1. E. Snodgmss, of e Bareas of Entomolory aml Plang
Quarantine, supplied vadosble informnllon in eonnoction with the study uf the medo of ancyskmuat of
Cunaplonemn Iarvaa in the tuselo of nn inscet host. 5. A, Chajiiny, 5o nf Lhe satie Buresa, identilad

varions species of Coleaptern,  Frank Smiti, rnrrnpr]f_]:rnressur ub the University of lilinois, identified
wirtliworms used in eonnee lon with studieg of Lhe )i nisfory of Metastrongglies salmi,
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HISTORICAL RESUME

The existing knowledge concerning the develepment and bionom-
ics of swine nematodes has been accumulated within less than a cen-
tury. One of the early life-history studies was that of Trichenells
spiralis. Leidy (1)® in 1847 observed encysted larvae of I\ spiralis
in the body museulature of the pig; these encysted larvae were de-
scribed, however, in 1835 by Owen {85) from similar findings in the
human muscle. The cysts of T. sprralis were first found in human
muscle by Tiedman in 1822 and by Pescock in 1828. According to
Cobbold (18), Tiedman probably saw the calcified eysts of T spiralis.
Experiments on the transmission of 7. spiralis were performed by
Herbst (46, 47)1n 1851 and 1852, Virchow (2, p. 430} in 1859, Leuckart
(58, 59) in 1860 and 1866, and Zenker (1.42) in 1860,

The first investigation relative to the development of Ascaris eggs
was undertaken by Schubart and Verloren in 1854, cited by Kiichen-
meister (§6), on the dog ascarid, Tozocara canis. Richter in 1854,
cited by Kichenmeister (56), and Davaine (23) in 1859, were appar-
ently the first to note the development of the ascarid of man.

Numercus investigations have been carried out on the resistance
of Ascaris eggs to various environmental conditions. The ascarids
of man and of swine were reported to be resistunt to low temperatures
by Davaine (23), Leuckart {60, ». 2, Ifg. 3), Yoshida (139), Martin
(72}, Cram (22), and Raffensperger (59). The resistance of ascarid
cggs to various chemicals has heen noted by Galli-Valerio (31),
Yoshida (189), Wharton (736), Kobayashi (54}, and Ransom and
Foster (97). The resistance of ascarid eggs to dryness has been re-
corded by Ross (702}, Ransom and Foster (97), Martin (73), and
others. Reports that nsearid eggs remain alive for long periods,
even for several years, wers published by Brown (73), Leuckart (60),
Epstein (24), Morris (78), Ransom and Foster (97), Fitlleborn (28),
Martin (73), and others.

According to Linstow (63) in 1886, the myriapod Julus guitulatus
and the closely allied species Polydesmus complanatus probably served
us intermediate hosts for Ascaris fumbricordes. Stewart (126, 127,
128, 129) in 1916-18, reported that larvae of A. lumbricoides migrated
to the lungs and appeared in the mouth or feces of the rat or mouse.
He surmised that these larvae got on to the food of human beings from
these hosts, and when swallowed with such {food the larvae completed
development in the intestine of the definitive host. Ransom and
Foster (24, 86) in 1917 and 1919, und Ransom and Cram (93, 24) in
1921, contrary to Linstow and Stewart, demonstrated that the life
history of Ascaris was dircct.

One of the earliest investigations on the development of Trichuris
eggs was made In 18338 on those of T, trickiurg by Davaine (23).
Leuckart, (60) in 1876 showed that infection with T ovis and T. suss
followed after a feeding ol embryonated eggs of these parasites to
their respective hosts. Railliet (91) in 1884 obtained similar results
with . vulpis in dogs, and Grasst (38) in 1887 noted similar results
with 7. #richivre in man.

With reference to the life history of Gongylonema pulchrum, Stiles
(181) in 1892, was of the opinton that this nematode was heteroxen-

1 Inlie numbers in parentheses refer fo Literulare Clled, p. 849,




EARLY DEVELOPMENTAL 8TAGES OF SWINE NEMATODES 3

ous. It was not until 1915 that Ransom and Hall (98) reported that
dung beetles served as intermediate hosts for this parasite. They
also noted that the life history of Gongylonema was strikingly similar
to that of Spiroptera obtusa which, according to Leuckart (60) and
Marchi (71}, required the meal worm (larva of Tenebrio molitor) as
the intermediate host,

The life histories of Physocephalus sexalatus and Ascarops strongy-
ling, involving various species of dung heetles as intermediate hosts,
were elucidated by the findings of Seurst (115, 116, 117), in 1913,
1915, and 19186,

The life histories of the swine lungworms Metastrongylus elongatus
and Choerostrongylus lendotectus were unsolved until recently.
Leuckart (60) in 1876, believed these lungworms to be heteroxenous
and suggested that an insect or snail might serve as the intermediate
host. Several writers, namely, Von Linden and Zenneck (62) in
1915, Herms and Freeborn (48) in 1916, and Zebrowski (140, 140
in 1922 and 1925, were of tho opinion that the swine lungworm larvae
developed into a free-living generation. It was not until 1929 that
Hobmaier and Hobmaier (49, 59) reported that earthworms served
as intermediate hosts of M. elongatus and O, pudendofectus. Their
work was confirmed by Schwartz and Alicata (109, 771} in 1929 and
1931, and by Von Schuckmann and Zunker (106) in 1930. In the
work reported in this bulletin the present writer has found that
Metastrongylus salmi, another swine lungworm, also requires earth-
worms as intermediate hosts. Alessandrini (3) noted that long ago
Cohbold considered earthworms as possible intermediate hosts,

The first observation on the preparasitic larval stages of Stephana-
rus dentatus was made in 1900 by Tayler (183), who gave a briaf de-
seription of the hatching and morphology of these larvac. More ex-
tensive investigations on the developmental stages and bionomics of
8. dentatus have been reported by Bernard and Bauche (11)in 1913
and 1914, Schwartz and Price (712, 118, 114} in 1928, 1929, and 1931,
Ross and Kauzal (100, 101) in 1929 and 1932, and Spindier (124, 125)
in 1931 and 1933.

There is very little literature relating to the life cycle of Iyostrongy-
lus rubidus. Schang (104) in 1927 attempted to trace the larval
development of this parasite, but from his description and illustra-
tions it is evident that he had confused larvac of F. rubidus with
those of free-living nomatodes. Goodey (87), in the same year, gave
2 brief but accurate description of the preparasitic larval stages and
bionomics of H. rubidus, in spite of the fact that he was dealing with
very limited numbers of lmrvae. His finding showed that the pre-
parasitic larval stages of H. rubidus were similar in general to those
of other known strongyles.

Literature concerning the life history of Oesophagostomum dentatum
is also very scarce. An accurnte description of the preparasitic larval
stages of this parasite and a discussion of their bionomics were given
by Goodey (36) in 1924.

With reference to Strongyloides ransomi, Schwartz and Alicata
(110), 1n 1930, noted that cges derived from parasitic females devel-
oped either to strongyliform larvae or to free-living sexually mature
worms, the progeny of the latter developing into strongyliform larvae
capable of infecting the host.
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GENERAL REMARKS ON LIFE HISTORIES OF
GROUPS STUDIED

The rematodes known from swine include representatives of several
large groups of parasitic nematodes. As wouid be expected in view
of this fact, a considerable variety of life histories was found in the
writer’s investigation.

The nematodes discussed in this bulletin include seven families,
and on the basis of life history they may be subdivided into the
heteroxenous and monoxenous %roups.

The heteroxencus group includes the families Spiruridae {repre-
sented by Gongylonema pulehrum, Ascarops strongyline, and Physo-
cephalus sexalutus) and Metastrongylidae (represented by Meta-
strongylus salmi, M. elongatus, and Choerostrongylus pudendobectus).

The life history of the heteroxenous group may be of the following
type: Adult male and female In definitive host; embryonated eggs
outside of definitive host; first-, second-, and third-stage larvae I
intermediate host; third- and fourth-stage larvae and adwlt males and
females (fifth stage) in definitive host. Each larval stage except the
lirst one is separated from the previous stage by a molt; two molts
oceur in the intermedizte host, and two in the definitive host. The
sheath of the second molt in the members of the Spiruridae is com-
pletely cast off, apparently because these larvae are protected in the
body of the intermediate host by a cyst wall. In the third-stage
larvee of the Metastrongylidae, the sheath of the second molt is
retained.

The monoxenous group includes the families Ascaridae (represented
by Ascaris suum), Trichuridse (represented By Trichuris suis),
Trichostrongylidae (represented by Elyostrongylus rubidus), Strongyli-
dae (represented by Oesophagostomum dentaium and Stephanwurus
dentatus), and Strongyloididae {represented by Strongyloides ransom?i).
Larvae of the monoxenous group show considerable varintion in their
mode of development before entering the host.

The eggs of the Ascaridac and Trichuridae are deposited with the
feces of the host, and after becoming fully embryonated are capable
of producing an infection when ingested by suitable hosts. The
Ascaris embryo molis once while in the eggshell and is not infective
until after this molt.

The life history of the Trichostrongylidac and Strongylidae families
may be as follows: Adulf male and female in host; segmenting eges
and first-, second-, and third+-{:n%e Iarvae outside of host; third- and
fourth-stage larvae and adult males and females (filth stage) in host.
The preparasilic larval stages are separated by two molts, the sheath
of the second molt being retained iz most cases so that third-stage
iarvee are usually enclosed within o sheath, The parasitic stages also
are separated by {wo molts.

The Strongyloididae group of nematedes has a heterogoncus lifs
history. In Strongyloides ransomi, larvae derived from eggs of para-
sitic females pursue one of fwo cycles of development, direct or
indirect. In the direct cycle, the larvae develop asin the Strongylidae.
In the indirect eyele, the larvac develop into {rec-living adtﬁts; the
progeny of the latter develop as in the Strongylidse.
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Throughout this bulletin the writer has followed for the most part
the classification of the parasitic nematodes of vertebrates as given
by Yorke and Maplestone (138). The lists of synonyms, hosts, and
location and distribution of the various parasites discussed, have been

taken for the most part from Hall (42, 48).

ABEBREVIATIONS AND SYMBOLS USED IN
ILLUSTRATIONS

adhbp, anterior dorsal hoely papilla
ao, anal opening -

amph, amphid

angl, anal ganglion

b, base

be, bueceal cavity

bep, buccal capsule

clgl, cephalie lateral ganglion
ep, cervieal papilla (deirid)
esdgl, cephalic subdorsal gangtion
csvel, cephalic subventeal ran~'ion
estwl, evst wall

cuth, cutienlar hosses

dbp, dorsal body papilla

del, dorsal ganglion

esl, ege shell

cpe, epithelial ecll

cs, esophagis

exenu, exerctory eell nueleus
exgl, exerebory gland

exp, exeretory pare

exs, exeretory sinus

fep, female genital primordinm
ge!, first glant cell

pe?, second giant cell

ged, third giant cell

ge', fourth (genital} giant cell
gp, genital primordium

gere, gerninal ecl]

gon, ganodueh

gub, gubernagnlum

h, hook

insmu, inseet musele

int, intestine

lgl, 1zteral ganglion

MORPHOLOGICAL AND

lbgl, lumbar ganglion

ly, larva

mgp, male genital primordium
mthelev, mouth clevation

nr, nerve ring

orap, oral opening

oV, ovary

ovj, ovejector

P, papiila

pdhp, posterior darsal bady papitla
plgl, postero-lateral ganglion
prhep, provisional bueeal eapsuie
pres, procsophagus

ptes, postesophagus

pvel, postero-ventral panglion
rgel, rectal gland

reh, rachis

rvgl, retrovesicular gunglion
s5v, seminal vesicle

sdgl, subdorsat ganglion

sdp, subdorsal papilla

sp, spieule

spa, spicnie primordimn

§pr, sponr

svgl, subveniral ganglion

svp, subventral papilla

t, tail

tp, tail process

tal, telamon

ts, testis

ut, nferus

¥, vulva

vdf, vas delerens

v, vas cfferens

EXPERIMENTAL DATA

SPIRURIDAE

GONGYLONEMA PULCHRUM MOQLIN, [857
{Figs. 1-9}

Synenyms.—Gongyloneme filiforme (1) Molin, 1857; . spirale (1) Molin, 1857;
Pilariu labialis Pane, 1864, Spivaplera scuintn Miller, 1869; F. scutoln (Miiller,
1864) Leuckart, 1873; (% scufatum (Miller, 1869) Railliet, 1892; Afyzomdmis
scutatus (Muller, 1860; Stiles, 1892; &. wrsi () (Dujardin, 1845) Neumann,
1894; G. confuswmn Sonsino, 189G, G. subtile Alessundrini, 1914; €. hominis
Stiles, 1921; 4. ransomi Chapin, 1922

Hosts.—Definitive: Sheep, goat, ox, crmel, fullow deer, buffals, zeby, chevro-
tain, pig, wild bear, horse, donkey, bear(?), macaque, Afeles sp., Pithecus entellus,
man, white rat, guinea pig, and rabbit. Interinediate; Coleoptera {Aphodius
coloradensis, A. distinelus, A. femoralis, o. fimelarins, A. granerivs, A. rubeolus,
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A. villatus, Blaps appendiculala, B. emondi, B. strauehs, Caccobius sehretbert,
Oniticellus fulvus, Onthophegus hecale, O, peansylvandeus, O. tewrus(?), Sphoerius
sp., and Sphaeridium sp.); and Orthoptera (Blaletle germanica). Intermedinte
hosts reported for Goengylonema sp., probably G. prlchrum: Aphodiug haemorrhoi-
daits, Gymnoplewrys sp., Blalte orienlalis, and Periplanela americana.  Accidental:
Mammals; nematode larvae collected by A. MecIntosh fram the stomach wall of
a mole (Scalopus aquaticus equaticns) were identified by the writer as third-stage
larvae of Goengyloneme. sp.

In addition to the above-mentioned intermediate hosts the following
insects have been found by the writer to serve as intermediate hosts
for G. pulchrum: Aphodius lividus, Dermestes vulpinus, Parcoblatta sp.

Lacation—Adults in mucoss of esophagus, tongue, and oral cavity of definitive
hest; third-stage larvae in body eavity of intermedinte host,
5tDist;-i.‘mtt’aﬂ.‘—Africa, Agia, Auvstralia, Forope, and North America (United
states).

Drscrirrion or Eaa, Ensrvo, anp Lirvan Sracss
HGG

Iogg elliptical in shape; shell about 3¢ thick, with simooth surface (fig. 1, A)-
Under bigh-power magnification, a fuint line can be made out at cach pole, repre.
senting the operculuin. In a series of measurements involving about 50 egge,
length 574 to 8G9, width 30u to 34,  Each egg contains a well-develaped embryo
at time of oviposition.

LMEBRYO

Embryos (fig. 1, F), obtained by erushing several eggs on a slide under a cover
elip, 240z 10 280u long by 134 in maximum width., Linbrye does not urdergo
additional development before being ingested by intermedixte host. Morphology
of embryo corresponds to that of young first-stage Jarva,

FIRST-FTAGE LARVA

Shape and size~—Newly hatched larva slender and of same width for most of
length. ~As it grows during this stage, posterior half grows more in width than
does anterior half, giving larva a club-shaped appearance (fig. 2, A and ). An-
terior end broadly rounded, posterior portion tapering slightly and ending in a
rounded extremity. Size of larva depends on degree of development (table 1);
before molting, first-stage larva sometimes attains a length of 540z and 2 width
of 38u,

Cuticle~~Very thin, transparent, with very fine transverse striations; anterior
end of ventral portion with 1 spine and 2 small hooks of various sizes arranged
longitudinally {fig. 1, B and ). When viewed with oil-immersicn lens, apine
appears as a small shining body; anterior hook, about 1z long; posterior hook
most conspicuous, approximately V-shaped, about 3u long; posterior to these
haoks, cuticle armed with abont 20 parallel rows of very minute spines cueireling
anterior pertion of larva for a distance of about 164 from antorior cnd; spines
larger and more prominent on dorsal than on ventra) surfnec (fig. 1, B); spincs
of posterior rows hecoming gradually smaller, Jast row very difficuls to see.  Tail
(fig. 1, J2) with a row of sbout 8 to 10 small refringent points encircling tip; these
structures were pointed out by Stiles (181) in embryonic forms, and this charneter
is dingnostic for first-stage lnrvae,

Alimentary tract,—Oral opening leading into a transparent esophagus 1674 to
2434 long and extending to a distance of slightly less than one-half of length of
worm. Intestine also transparent, apparently cotnposed of about 5 anterior
large cells extending about two-thirds of length of intestine, and 5 posterior group
of ahout 6 cells connecting with a very short reetum (fig. 1, .

Nervous system.—Diflicult to determine in living specimens,  After larva is
stained with agqueous methylene blne, nerve ring appears as a band surrounding
posterior third of esephugus, 454 to 110x from anterior end, and surrounded by
severanl nuelel of nerve cells.

Ezcretary system.—LExcretory pore, 60u to 145u from anterior end, leads into u
shert dilated excretory duet (g, 1, £); exeretory duct opens from a glandular
excretory cell possessing a large nucleus,

Genilal primordivm—Tn living specimens hardly distiognishable from large
muscle cells of hody wall,
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Table 1 shows the rate of development of first-stage larvac of

Gongylonema pulchrum in an intermediate host (Blatell germanica),

esh

FIGURE |, —VARIOUS STAGES IN THE DEVELOPMENT OF GONG YLONEMA PULCHRUM.

Embryo: A, Fully developoed, in e #, fuliy developad, obtuinad by erushing the spgsheldl.

First-stage nrva! B, Anterior and, lateral view; O, snierior snd, ventri! view; I, larva frony inlermedivto
host 4 days after exper{mental infection: &, i, Inteend view.

Second-stuge Inrva: €, Anterlor end, intersl view; 7, anterior end, dorssl view; [, lall, lnteru! vipw,

the measurements having been made on different days after oxperi-
mentsal infection.




8 TECHNICAL BULLETIN 489, ¥. 8. PEPT. OF AGRICULTURE

Tasre 1 —Principual measurements of € first-stage lavoue of Gongylonema pulchrum
al rarious periods of devclopment in the roech

i Porlod of development and mensurements of lnrva
: n

ltewn ————
LA A R S | 6

Parlart of developmemt oo cvea.o. o tays..i I 2 4 EIPR I T/ O O 11
Tengthiof body.o...oo. Jnlerons, 3 { : 2§ B2 480 HO
hinxinom width of hody. : 5} 15} 4l 38
Laongli 61 CSoDDREUS. v v v e e 172 ¢ 190 243
Distance of nerve ring from anterior endd F I S 11
Disinneo of exerstary poro frony anterior end. . H 133 145G 145
R T Po5 53 a0

} Lo unslerpolng Hrst molt,
BLECOND-5TA{E LARYA

Shape and size.—Young form shinilar in shape and size to older larva of first
stage.  As larva grows, it loses ity clnb-shaped appearence and beeomnes more or
less uniform in width, excopt for {apeving anterior and posterior portions (fig. 2,
).  Young spechmen aboud 8424 loug by 45 wide; older specimen nbout 2.01
mm long by 53x wide (table 2).

Cuticle—Without nrmoture or hooks ab anferior poriion and without
refringent poiuls encireling $ip of tail (g, 1, 1}; faint transverse strirtions prescut.

Allmentary tract.—Oval opening feating Into cavily surrounded by poorly
developed buceal cupsule, 36g to 38z long; cupsule more distinet in older larva
of this stage than in newly molted form; entrance {o lumoen of bueeul eavity sur-
rounded by o thin cuticularized ring, flattoned laterally {fig. 1, ¢ and H). Esoph-
agus well developed, less transparent than {hat of previous stage, and oceupying
about one-hialf of body length; esuphagus slender, more or less uniform in width
in young lavva of this slape, but in older larva becoming differeniinted into
procsopiuygris—nan anterior, comparntively short slender muscular portion, H3u
to 240p long—and postesophagus—a posterior and wider glandulur portion, 441,
to 1,150p long; esuphagus opening into & Jong slendler ntestine eomposed of many
cells iaving poorly defined walls; posterior portion of intestine opening into a large
recium surrounded by Invge rectal glands, 2 subventraland 1 dorsal,

Nervous system.—Neorve ring 108 Lo 1214 froin anterior end, distinctly visille
as & band snerounding auterior portion of esophagus (fig. 2, €); details of nervous
system most evident in Iale second-stuge larve, und very similar to those of ihird-
stage larva.

Frerelory sysfein—-As in previovs stage. o lving speciinens, nucleus of
exerctory cell not 50 conspicnuus as in previous stage, owing to greater thickness
of cuticle; exeretury porg opening 150 to 200z from anterior end.

Genttal primordivm—~—"This developing organ best seen in living speeimens
of older larva of Lhis slage, appearing as 5 small ellipsoidal body, ventral in
position, 53 Lo 3424 [roin tip of {ail, the distanee depending on size of lurva.

Table 2 shows rate of development of second-stage larvae of
Gongilonema pulchrum in an intermediste host (Blatelle germanica)
the measurements having heen made a6 different davs after expert-
mental infection.

Tanue 2—Principal weasurements of 6 second-sloge larvae of Gongylonema
pulchranm al various periods af deyelopment in the roach

* Peripd of developinent nid ieeastirenients of inrva

liem P e

[ A A | 4 5 i
Period of devedopitent ... ... ...__... ... . duys. W ] aF o ] [
Length of boty. ... .. .. mierons. Big b L,045 | L1138 LT | 1,000 2,010
Buximum widlh of inely . .. .ol 45 BL] a3 ki &3 2]
Length of provsopiimaes, .. . . do L | — B4 g 234 O
Length of postesoplingus.... . .. e [ T, il i 510 1, 150
Total jength of csoplmgns, .. do.. . a0 | 5 444 840 1, (it 1,480
Distanes of nerve cing from anterlor il 1 T [ R o 14 izt
THstance of excretory pore fpet anleriorend . do. LG Y I PN 152 200

Distescs of genbial privnondivn from pesterlor end

nrierons. L7 J [1:11 3 . B2 |hemeea
Length of ! e e g 3 %) 85 ug o8 i

t Larve undergolag second molt.
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FIGURE 2.—FIRST- AND SECOND-STAGE LARVAE OF GONGYLONEMA PULCHRUM,

First-stoga Warvie o4, Lateral viow; 52, undergelng sl melt.
Secomd-siuge Inrva: C Laters] view; D, nnterior end of v underpolog sceond moll; &, posterior entl of
iarva undergolng second wmolt,
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THIRD-STAGE LARVA

Shape and siz¢e.—Body of larva, slender and of same width for most of length,
tapering slightly at anterior portion and rather abruptly posterior to anus.

-

mth e.?;w

B!

or ! op

A0, O,
FIGURE 3. —THIRD-STAGE LLARVAE OF GONGYLONEMA PULCHRUM,

A, Larvis cueysted in musoulniure of g ranch ( Mufeiin germaaiend; B, anterlor oned of Incva, veplen] viow;
., nnlerior ondd, on fuce view: £), posturiar end shmvimz.t dipitiform processes, tersd viaw; 2, vosteriar oncd
showlng the usual four dightiforin processes, vantral view; ¥, posterlor amd showing digiciform PUESELS;
J, Intenil vipw of Inrva,

Lateral border of mouth projecting outward and elevated shove surrounding
surface of head (fig. 3, B); head surrounded by outer cirele of 2 subdorsal and 2
subventral papillae and 2 lateral amphids; also an inner cirele of smaller papitiae,
2 pairs subdorsal, 2 pairg subventral, and 1 pair lateral (fig. 3, C); 2 small atera!
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cervical pagi[]_ae (deirids) projecting from cuticle slightly posterior to midway
between anterior body exitremity and nerve ring; 2 additiona] papillae on dorsal,
surface of larvs, the anterior one slightly posteqf:atorial and the posterior near
region of base of esophagus (figs. 3, ¢ and 4, G). all conical, usually terminating

i 4 small digitiform processes, 2 subdorsal and 2 subventral, the subventrals in
some specimens scarcely visible or enfirely lacking (6g. 3 D, E, and F}; visible

FIGURE 4.—THIRD-STAGE LARVAE OF GONGYLONEMA PULCHRUM.

S Anterier ond, Intersl viow; 3, portlon of lwrva showing malo genind primordium, Intoral view; C,
anterlor portion showling fealUres of uervous System, voniral view: 7, poertion of larve showing fotnale

_ponite] primardinm attachod 1o hady wall, lnterni view; &, region of nerve riop, domal view, F, posterior
::ortio? of lnrva, lntarnl view; G, portion of lnrvahowlng o dorsal body paplling B, posterlor porlion of larvs,
ventral viow.

processes aboud 2a Jong.  Larvae from 1.9 to 2.45 mm long by 50u to 68a wide;
according to Seurat {117}, larvae from 3.4 to 4.2 mn long by 72u to 77z wide;
according to Ransom and Hall (99), larvae 1.0 1o long by 60u wide.
Cuticle—With prominent transverse stristions.
Alimeniary tract.—COral opening, in en faee view, slongated dorsoventraily,
rectangular, with concave marging (fg. 3, C); aperture leading into a slender
mouth cavity. In optical section, walls of moullt cavity appear as fwo long rods
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differing slightly in length, the dorsal rod about 264 long and the ventrz! one about
28u long; width of these rods, about 2.5z, ILsepliagus about three-fourths as
long as nody, diferentiated into a procsophagus, 258« to 308z lang, and a
postesophagus 1.07 to 1.26 mm long. Intestine n short tube oceupying about
one-fifih of body length, eonnected posteriorly to reclum. Rectum about 36u
leny, surrounded by 3 large rectal glunds, 2 subventral and 1 dorsal.

Nervous systen.—Rendily visible, especially in speeimens stained in acid
carmine. Nerve ving appears ag thick ring cncireling csophagus, 1144 to 136
from anterior end; aceordiug to Senrat (117, nerve rini 140u to 160y, according
to Ransom and Hall (39), 1254, from snterior end. nterior to nerve ring, 4
strands of well-stained nuelei present, probably representing the nuelei of 2
snbdorsal and 2 subventral cephalic ganglin (fig. 4, A, € and I); nuclei of cells of
ihe Jaternl ganglia not observed.  Posterior to nerve ring, 2 lateral ganglia, cach
conneeted posteriorly to another group of colls, the posterolateral ganglin; darsally,
one nucleus probably representing the eell of the dorsal ganglion; ventrally, the
subventral ganglin fused into one large group of cells {fig. 4, C). Posterior to
excretory sinus, the posterovantral ganglin represented by soven cells of which
only the nuclei are visible; slightly llmstcrior to excretory pore, a group of cells
forming the retrovesicular gunglia (ig. 4, 4 and €) are present; surrounding the
anul region and extending posteriad to the rectal glands, a small group of nuelei
representing the cells of the lumbar ganglin (fig. 4, F and ).

Freretory sysiemt.—As in previous stape. [E:ccmt-ory pore 1804 o 228u from
anterior end; aceording to Seurat (f17), exerctory pore 2154 to 250y aceording
to Ransom and Hali (99), 210g, from anterior end. Exerctory duet opening
into a trinngnlar excrotory sinus possesses o large nuelens in its walls (fig. 4, C).

Genital primordium.—As observed by the writer, male genital primordium
{fig. 4, 5 clliptical in shape, 30x to 34u loug by 104 to 134 wide, located on
ventral side bevween Lody wall and intestine, 3454 to 375 from posterior end of
bedy, and composed of 2 large epithelial eells enclosing a group of about 6 or 7
nuelel of germinal ecells. Itbcmale pgenital primordivin (fig. 4, D) somewhat
elliptical, 30x long by 10g wide, attached o ventral side of body wall as noted by
Seurat (118, 7119); abtachment by means of u large cell abont 8 long located
260u to 275x from tip of tail. Mensurements given in table 3 indicate that the
female ger;ital primordium is closer to the posterior end of the larva than is that
af the male.

Table 3 shows the mensurements of third-stage lurvae of
Gongylonema pulehrym In an intermedinte host (Blateﬁa germanica).

Tabui 3.—Frincipal wmeasurcments of 10 third-stage lurvme of Gongylomemn
pulchrum ot verious periods of development tn the roach

Perind uf develapmeni sl mensurorments of—

Itemn Muale no, - i Fenwla no.~

Poriod of devplopmaenl, fnys.,
Tength ol badly. ... .. millimeters. .
Maximunt whith of hody..._microns. .
Langlh of bueeal envlly .
Lenglh of provsopiingus do....
Length of postesophapus, milllmaoters, .
Distnnee of nerve ring from anteriar
end e e nticrobs. .
Distanee ol exerelory pore fromn an-
terior end. mlerons ..
DMsinoee of cervieal papillae from no- |
terior emil nicrons. .
TMstanee of dorsal body papilioa from ¢
posterior entd;
Anterior papilin microns, ..
Posterlor papilla. .. I
Distance of genital prhiordinm frun
nosterlor omd . mierons..
Length of toll. ) .tlu.“.!' 08
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DIFFERENCES IN FIRST THREPR 5TAGES

The outstanding differentinl features of the first three developmental
stages of Gongylonema pulchrum are as follows:

Firsi-stage larvn.—Cuticle at anterior end provided with 1 spine and 2 hooks
longitudinally arranged; posterier to these hooks, about 20 parailel rows of very
minute spines encircling the cephalic portion; tip of tail blunt, surrounded by o
row of small refringent processes,

Second-stege larua.—é)uticle without armature present as in previous stage;

anterior aud posterior ends bluntly rounded.

Third-stage larve.—Cuticle as in sccond stage; Jateral border of mouth voised
above surrounding surface of head and projecting outward; tail provided with 4
small digitiform processes, 2 subveniral and 2 subdorsal, the subventral ones
frequently only barely visible or entirely lacking.

DevELopMENT 1x IxTERMBDLATE HoOBT

Fggs of Gongylonema pulelrwm were obtained by chopping up
cravid female worms in o few drops of distilled water. ‘'This material
vas then transferred to small pieces of bread and introduced into a
300-cc Erlenmeyer flask in which there were placed about o dozen
ronches (Blatella germanica). The roacheshad been previously starved
for about 24 hours. The top of the finsk was closed with a Jayer of
cheesecloth. In order to learn the approximate time required for
larval development, the roaches were nllowed to {eed on the infested
bread for sbout 5 hours, after which they were transferred to a clesn
fiask containing food not contaminated with eggs.

Roaches dissected about 24 hours after they had ingested the eggs
already had empty eggshells in their crops and intestines, an obser-
vation which was reported by Ransom and Hall (98, ». 2) in their
first extensive paper on the life history of this parasite. At this time
there were also found several newly hatched larvae atill adhering to
the wall of the crop and apparently ready to invade the bhody cavity
of the ronch. No larvae were found in the lumen or wall of the intes-
tine, a fact which shows that possibly hatching took place in the crop
and that the larvae found their way into the body eavity by piercing
the wall of the crop. About 48 hours alter ingestion of egffs, first-
stage larvae were found in the body cavity of the roach, usually more
numerous in the thoracic region than elsewhere. At the end of abouf
15 days, the wandering larvae had doubled their original size and
appeared very plump. At this time the first cuticle had begun to
loosen at the anterior and posterior ends (fig. 2, B). These observa-
tions are in agreement with the findings of Ransom and Hall (98,4.2),
who state that these Inrvae were on the verge of a moltin the inter-
mediate host 2 weeks alter experimental infestation. The first molt
did not take place, however, until about the nineteenth day, when
some larvae are already in the second stage.

The second-stage larvae also wandered in the hody cavity, especi-
ally in the abdominal region, where they increased considerably in
jength, 1n about 27 days tho larvac were 1.13 to 1.5 mm long by
531 wide. At this time they usually penetrated the muscles of the
body wall, especially those of the ventral portion of the abdomen.
In heavy infestations the larvae may invade the walls of the crop
and intestine and the muscles of the coxae. Partial encystment
has been observed to precede the second molt. Larvae undergoing
the second molt were found 29 to 32 days after cxperimentaf infection,
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and Jarvee which had completed the second molt and were in the
third stage were found 32 days after infection. These findings agree
with those of Rensom and Hall (98, ». 2), who state that at the end
of about & month the larvae were encysted, that is, in the final larvel
stage. The writer’s observations are also in agreement with those
of Lucker (68), who, in dissecting experimentally infested roaches
34 days after infection, found encysted larvae which produced an
infestation when fed to pigs.

Encysted Gongylonema Iarvae were studied both by gress dissection
and In cross sections of infested roaches. The observations made
indicated that each encysted larva was embedded within the sarco-
plasm surrounding the muscle fiber, The nuclei in the sarcoplasm
surrounding the cyst wall of the larva were very distinct in stained
sections (figs. 5 and 6). As the cyst became well formed it was some-

Pl

Figuue 5.—Cross seclion of a rosch {Boletia gc'tmmu'cu)i.lshowing Glongitoneme larve encysted in tha bhody
wall,

times pushed out into the body cavity until its attachment to the
musele was merely by a thin strand (fig. 3, ). At this time most of
the nuclei in the cyst wall beeame degenerated, so that in stained
sections of these cysts only a few nuclet were visible at the place of
the attachment of the cyst. The outer portion of the ¢yst did not
stain well and had the appearance of clowdy degeneration as observed
in vertebrate tssue,

Beverorsmest 15 Derixirive Hose

The_study of the third und fourth stages in the definitive host
was advantageously carried out in the guinea pig, an experimental
animal which can be easily and thoroughly examined post mortem.
Though this animal is not a nornial host for Gongylonema, it is safe
to assume that the same mode of larval development and migration
takes place in it as in tho more usual hosts, namely, cattle, sheep,
and swine,
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Tables 4 and 5 show the measurements of third- and fourth-stage
larvae in different periods of development. As shown in table 4, in
12 days after infection the larvae still in the third stage had prac-
tically doubled their iength. In a guinea pig killed 9 days after
experimental infection, thers were found larvee at the beginning of

FraURE G.—Seetions of i roach (Batcila yermnnice) showing Gongylonema larvn eneysied in the mosenhidure.

the third moelt {fig. 7, A-1)). The 1ost outstanding morphological
feature of these larvae, as shown in figure 7, is the development of the
genital primordium.  In the males, the genital system appeared as a
slender tube about 5504 long, with its posterior portion about ready
to connect with the rectum; in the females, a short ovejector and
two divergent uteri were present.
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TaBLE 4. —Meagurements of 8 third-stage larvge of Gongyloneme pulchrum in
vartous pertods of development in guinea pigs

Perlod of development and mmensurements of —

Male ng,— Femalo no.—

Periad of development

Length of body -

Maximum width of hody..

Length of bueeal cavity -

Leopth of procsophamis. do.....

lLenpth of postesophagus millineters. .

Distance of nerve ring from anterior end_. . _microns .

Distabee of exeretory pore from anterior eod.._do...

Distance of rervical papillae from anterisr end._do....

DMstance of gepitel primordicm frotn peslerior end
microns..

Length of tail do....

1 Larva undergoing third molt.

TaBLE §.—Measurements of 9 fourth-stage larvas of Gongylonema pulchrum in
vartous periods of devclopment in guinea pigs

E Period of development and measurements of —

Maie no,.— Femnle no. -~

2

Periodd of developnent. .
Lengthofbody. ... ____.
Matimum width of hly
Length of hapead cuvity,,
Length of proesophagus.
Length of pnstesophagus
Lystance of perve ring fron anterlor end
mijcrons |
Distance of excretory pore from antecior end
mitrous. .
Distnnee of cervienl papiliue frorn anterior end
mierons
Tristance of dorsnd bindy papiling from pos-
Loy 1or end:
Anterior papilla.__.. ... __milimeters__{ o R [FRLI
Postertor papills .. .o o doo_f 1. LG | 3. ul
Digtance ¢f vabva reslon froin posterior emd
microns |.. N T
Lengthoftail. ... ... ........ ..ooocdooo ] N il B -0

ELarva prglergoing fourth sl

In a guinen pig killed 12 days after infection, some larvae already in
the fourth stage were found. Measurements of these larvac are
given in table 4. The outstanding features of 1his stage are the
following: The anterior end of the larvae vetuins to some extent
lateral and outward directed elevations (fig. 7, & and 6) similar to
those present in the previous stage. The cuticle in voung fourth-
stage larvae does not show bosses on the anterior portion, but these
structures are gradually formed as the larvae grow older (fig. 7, ).
In males, the posterior portion of the vas deferens is already conneeted
with the rectum, and ab the time of the fourth molt males have well-
developed spicides and eaudal papillae have formed (g, 7, J). The
femeles have a long ovejector with ono ulerus extending anteriorly
and the other posteriordy {fig. 7, L). 'The {ails of both sexes at tids
stage are rounded and lack the digiliform appendages found in
larvae of the previous stage. Fourth-stage larvae grow considerably
in length, the males apparently not growing so long as the females.
In 27 to 31 days after infection, the males are 11 to 12 un long,
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whereas the females are 18 to 20 mm long. At this time both males
and females undergo the fourth or last molt, and this cuticle is not
actually cast off until 37 days after infection. The fifth stage, which
represents adult forms, is easily differentiated from the previous

FIGURE 7.—THIRD- AND FOURTR-STAGE LARVAE OF GONGYLONEMA PULCHRUM.

Third-stage larva: o4, Anterior etid, vimdergoing thind molt; 5, postarior noribon of sle nndergoing thind
mlty O A, prsterior poction of female enderpobng ifrd malt,

Favrth-stage Jarvi: B, Anterior and, en faee view; F, unterfor end, ntersl view: @, anlaricr end, ventral
view; £, anteriar portion; {, posterior portion of mnle o verpe of fourth malt; o, iesterior porlion of inale
in finurtia mplt; K, posterior purtion of furvy e fonrtl: talt: 4, region of vulvs of larvs bn ergoing fourth
moit,

stage; the females have the vulva opening to the outside and the
mele’s caudal alae have several preanal end postanal papillae.

After the last molt, these worms grow considerably. One adult
male worm obtained from the esoplagus of & guinea pig 70 days after
experimental infection had the following measurements; Length,
32 mm; maximum width, 140p; length of proesophagus and postesoph-
agus, 577g¢ and 4.3 mm, respectively; length of right and left
spicules, 121y and 8.5 mm, respectively. Two young adult female

1313 —6— 2
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worms just beginning oviposition, also obtained from the esophagus
of the guinea pig referred to above, had the following measurements:
Length, 55 and 60 am ; maximum width, 2354; length of proesophagus,

FIGERE §,—.1, Longitudinal seetlon of gastropsophagenl Junetion of n puines jdg 15 lyarars afier oxperimental
infeetinn with larene of Gongplaneran putchriont, shawing trvae embedded In epithellum of esaplingus.
Large srrow peints out the pessible innde af entrnnce of Ihe lnrvao into the ssaplinglst 12, crass seeljon of
esoplingus of 3 guinen pig 15 hoursalter experimentul nfeetion showing s lacva etibededd In theepithelive,

655 and 672y; length of postesophagus, 5 and 5.2 mmjlength of tail,
280 and 2024, :

AMrgnamas oF Lawvar 1x Dovxrive Host

Duaring the month of April 1933, encysted third-stage larvae of
Gongylonema pulehrum, obtained {rom  experimentaliy infected
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cockroaches, were fed with the aid of a pipette to five guines pigs
weighing from 135 to 150 g. These guinea pigs were kept without
food for about 24 howrs before tho infective larvae were fed. A
description of these tests and the results are as follows:

Guinea pig 1 was given 9 infective larvae and was killed one-half
hour later. The tongue, esophagus, and stomach were then dissected
and removed from the body. The stomach was opened and washed
mn a Petri dish containing physiclogic saline solution. Most of the
stomach was cu$ into pieces shout 2 em square, and cach piece was
pressed between two glass slides and examined with the aid of »
binocular microscope. The esophagus, together with a portion of the
anterior part of the stomach, was examined as a whole. Press
preparations were also made of the tongue, palate, and oral linings.
By this method larvae were easily detected whenever they were present.
Seven larvae were recovered from this guinea pig, 2 larvae being
embedded in the esophageal wall about 2 nun irem the gastro-
esophageal junction, 1 Jarva in the cardiac portion of the stomach
wall, and 4 excysted larvae in the stomach contents. The other 2
larvae which had been fed were not, found.

Guinea pig 2 was fed 12 infective larvae and was killed 1 hour lnter,
Most of the larvae were found at the junction belween the stomach
and esophagus, 1 larva in the esophagenl wall slightly above this
junction, and 2 in the wall of the esophagus about 2 fmm from the
junction. No larvae were found in the stomach wall or its contents
or in the tongue or oral lining, The other larvac which had been fed
to the guinea pig were not found,

Guinea pig 3 was fed 12 infective larne and was killed 18 hours
luter, Six larvae were found embedded in the wall of the esophagus,
scattered about 1 to 3 mm from the gastroesophageal junction, and
1 larva was found about 2 cm from this junction. No larvae were
found in the stomach wall or its contents. The esophagus was
sectioned (fig. 8) at the points where embedded larvae were found.,
Figure 8,.4,shows a larva embedded in the epithelium of (he csophagus
not far from the gastroesophageal junction, and figure 8, B, shows
a larva also in the epithelium of the esophagus; the latter larva was
located about 2 em from the base of the esophagus of the guinea pig.
The other larvace which had been fed to the guinea piz were not found.

Guinea pig 4 was fed 45 infective larvae and was killod 3 days Iater,
Three larvae were found about 3 em from the base of the csophagus,
and 5 larvae in the posterior pertion of the tongue; other larvae were
probably present in this region, but were not sought for as the writer
was concerned only with the portions of tissues infested. No larvae
were found in the stomach wall or its contents.

Guinca pig 5 was fed 45 infective lnrvae and was killed 10 days later,
Two larvae were found 4 ¢m from the base of the esophagus, several
larvae in the walls and lateral portions of the tengue, and 1 larva in
the wall of the hard palate. No larvae were found in the stomech or
its contents,

These observations indicate thab encysted larvae of Gongylonema
pulchrum excyst in the stomach of guinea pigs and may invade the
esophagus within one-balf Lour after feeding. The observations
suggest also that the path of entry of these larvae to the esophagus is
through the tissue at the junction of the stomach and esophagus, as
the larvae are usually most numerous in that area. This may be
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due to a lack of resistance of this tissue or to a chemotexis or other
tropism. In figure 8, 4, the large arrow points out the possible mode
of entrance of the larvae into the esophagus. Larvae may migrate
to the esophagus also by first entering the wall of the stomach, but
this possibility is apparently rare as in only 1 out of 5 feedings was
even L larva found in the stomach wall,

After the larvee have penetrated the esophagus, they migrate
upward and invade the walls of the oral cavity 3 days after experi-
mental feeding, These larvac may migrate promptly to any part of
the walls of the tongue (fig. 9), palate, or lining of the bucecal cavity.
In observations other than the ones given, larvae have been found to
develop to maturity in any of the tissues which have been mentioned
as being invaded. 16 is of interest to note that the wandering larvae
are found ouly in the epithelium of the structures invaded (figs. 8 and

+,

2 ]

-}1‘

.-

Froune g.—Section of tongne of o puinga pig showing Gorgulonemne pufehrug lurvae erubedded in the
epitbeligm, 31 days afier experimentsd infection.

4). No extensive Jesions have been found associated with infestations
with these larvae, This is in agreement with the opinion of Ransom
and Hall (98, ». 2) who, in comparing this worm with Gongyloneme
neoplasticum (described by Tibiger and Ditlevsen (25), in 1914, as
inducing the production of neoplastic changes in stomachs of rats)
stalte thab &, sewtatum (=G, pulchrum) can be regarded as probably
an innocuous parnsite.

ORSERYATIONS ON ISFFECTS OF JSNVIRONMENT
RESISTANCE OF EGUS TO LOW TEMPERAVTURES

On Tebruary 17, 1833, several thousand eggs of Gongylonema
pelehron were mixed with sterile sand and translerred to 3 small
glass tubes nbout 5 em high and § ¢m in dizmeter.  Enough water
was added to (his mixture fo give the sand a moist appearance.
These tubes were phugged with cotton and placed in two 1-pint fruit
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]'ars, 2 tubes being put in 1 jar and 1 in another jar; the tubes were
reld straight on the bottom of the jar by fitting absorbent cotton
around the tubes. TIn order to prevent drying of the sand, water was
added to the jars to & height of about 3 ecm. The jars were then
covered with moist paper hand towels and a few holes were made at
the top of the paper with the aid of a dissecting needle. The jar
containing two tubes was placed outdoors (Washington, D. )
under shelfer so as to prevent rain or snow from falling wpon it.
On June 17, 1933, 4 months later, one tube was removed from the
jar. Some of the eggs were examined and found to contain viable
embryos. The eggs were then separated from the sand with the aid
of a screen, placed on a picce of bread, and fed to six ronches. About
40 days later the roaches were examined, and all were found to contain
Gongylonema larvac encysted in the body cavity.

Duata in connection with the outside temperatures 3 during the 4
months’ exposure of the eggs are as follows: Minimum, —8.6° C.;
maximum, 37.7°; totsl time during which temperaturc was 0° or
fower, 66 hours, and from 1 to 10°, 1,002 hours, The cges were thus
kept 1 cold and sometimes freezing temperatures 37 percent of the
entire period of outdoor exposure without being killed.

LONGEYITY OF EGOS AT HO0OM TEMPRRATURE

The jar contuining one tube was kept indoors at a temperature of
from 22° to 24° . The tube was examined in 4 months and was
lound to contain eggs with viable embryos. The eggs werc separated
from the sand and fed to six roaches in the same munner as in the
experiment previously described. The roaches were examined 40
days later and were found to contain encysted (ongylonema larvae.

ASCAROPS STRONGYLINA (RUDOLPHI, 1419 ALIGATA AND McINTOSH, L9
(Flgs. 10-11)

Synonyms.—Spirepiera sirongyling Rudolphi, 181%; 8. strongyliformis e
Blainville, 1828; Filuria sirangylina {Rudolphi, 1319) Schneider, 1866; Arduenne
strongiling (Rudolphi, 1819) Railliet and Henry, 1011; Habronema strongylina
(Rudulphi, 1819} Ostertag, 1932.

flasts, —Definitive:  Swine, rabbit, wild hoar, cattle, guinen pig.  Interme-
dinte: Coleoptera, (Aphodius rufus, 4. castancus, Gymnopleurus sp,, Scarabueus
sp.} and Gdonata (Anez parthenope).  Accidental: Mammals, birds, and reptiles
for third-stage larvae; Alicata and Melntosh (9) have found these Jarvae en-
cysted in Lhe stomuchs of hats captured in Washington, D. C

In addition to the above intermediate hosts, the following insects
have heen found by the present writer to serve as intermedinte hosts
for A. strongyling:  Passalus cornutus and Aphodius granarius

Location.~Adults in stomach of definitive host; third-sizge larvac in body
cavity of intermediate host, and wall of intestine or mesentery of accidental host.

Distribution.—Afrien _(Algerin), Asin (Cochin  China, India, Philippines,
Turkestun), Australia, Furope (France, Germany, Hungary, Ttaly, Rutanin),
Central Ameriea (Nicuragua, Panumal, Norih Amerien (United States), South
Ameriea (Argentina),

Descrirrion or Bog, Basityo, axp Lanvan Sraces
EGG

Egg somewhat ellipiieal in shape, slightly flattencd ab each pole (fig. 10, A);
shell about 2p thick, with miumerous small punetutions an surfuce; under high-

* Tempersture records obtuined from the L7, 8. Wenther Bureun fo tha Uisiriet of Columbia,
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power magnification cach pole with a small pluglike thickening., In & serics of
measurements involving nbout 58 eggs, length 41z to 454, width 224 to 26x;

[0 -

e
e

e

LWV

FIGURE 10.—VARIOUS STAGES IN THE DEVELOPMENT OF ASCARCOPS
STROMGYLINA
A, Eye, contadedng faily developel ainhryo,
Firststoge lervp. H, Anteclor end, Witernd view: €, neterior el dorsal s hew; £, soterior ensd, ventenl
views 27, il F, eneysted faeve; G laren reenvern) fram an intermedint: host 3 days afler axperitentn)
infection; L, neva nmdergaing st molL.

Secod-shne rvad £, Anterior end of lurve wilerpolng second wolt, i) views £, posterior end of
lrvn entergabis second ol Intergl view: /5, el view of hirva,
Fhied-stuge eeva, ) Aoterlor ord, o fiee views 3, el view of farva,

neeording Lo Foster 026), length 34p lo 89, widih 20g.  Fach ogg contains o
wetl-developed embryo ot time of ovipoesition.

, HMBRYO

Embryos, olained by crushing severad cggs vn n stide nader o cover slip, 110
Lo 115 long by 7.0 In waximum width,  Fmbryo does not underge Turther
development before being ingested by intermedinte host.  Morphology of embryo
corresponds Lo Lhat of young Arst-stage larva.
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FIST-BTAGE LARYVA

Shape and size—Newly hatehed larva slender and of same width for most of
length (fig. 10, G). As it grows during this stage, posterior half of hody grows
more in width than does anterior half, giving larve a club-shaped appearance.
Anterior end broad and rounded, posterior portion tapering slightly; tip of tail
ending in characteristic short conical structure sbout 1.5x long (&ﬁg. 10, E}. Size
of larva depends on degree of development (table 6); before molting, first-stnge
larva sometimes attaing a lenglh of 530u and & width of 35u.

Cuticle—Very thin, transparent, and with very fine transverse strintions;
ventral portion of anterior extremity with two hooks of different sizes, arranged
longitudinally (fig. 10, D). When viewed with oil-immersion lens, the most
anterior hock appears very minute; posterior hook most conspicuous, approxi-
mately V-shaped, about 1.7x long; posterior to these hooks, euticle armed with
about 17 parallel rows of very minute spines encireling anterior portion of larva
for o distance of about 16x fron anterior end; spines larger and mere prominent
on dorsal than en ventral surface (fig. 10, B, C, and D); spines of posterior rows
becoming gradually smaller, the last Tow heing very diificult to see.

Abimeniary tract—Oral opening lerding into'a long, transparent esophagus 80y
to 190 in length and extending about one-half of length of worny, length of
esophagus depending on degree of development in intermediale host,  Intestine
transparent, apparently composed of many eells; intestine connecting posteriorly
with a very short reetum surrounded by three reetal glands.

Nervous system.—Diflienlt to determine in living specimens.  In larva stained
with agueous methyleng blye, nerve ring shows as a band encireling esophagus,
H0p to 75 from anterior end, and surrounded by several nuelei of nerve eells.

Ezcretory system —Excrctory pore 60u to 95g from anterior end, leading into a
short dilated duct, this duet opening into a large cxerctory cell possessing a large
nuelens (fig. 10, ¢ and L).

Genital primerdiwm.—Huardly distinguishable from Iarge musele cells of body
wall,

Table 6 shows the rate of development of first-stage larvae of

Ascarops strongyline in an intermedinte host (Aphodins granarius),
the measurements having heen made on different duys after experi-
mentnl infection.

Tanny G.—Principnl mewsurements of 3 first-singe lorvae of Ascavops strongyling ol
variaus perfods of developwent in diag beetles

erlad of development amd measure-
menis af Jarvn hi.

Tlem

Periml of developmenb.... ... ... . . . coeoeeeoatIRNN
Lengihof body ... . L mlerons
Alnsiinwn whdth of body .o oo
Lenpth of csophagns ... . . . R ) [ .
Distance of nerva ring fronn snterior erul o il L
Tstance of exerelary pore from bnterior epd . . e ool

Length ol il ... Ll

b Levs endergning st moll,

BECOND-ETAGE LANVA

Shape and size—Young form similar in shape and size 1o older larva of first
stage.  As larva grows, it loses its elub-shaped appearance und beegmes ate or
Jess uniform in width, exeept for tapering auterior and posterior portions (fig. 10,
K. 'Fip of tail rounded, having lost the conienl sbieture with shedding of first
euticle.  These specimens about’ 720, ta 1,650x long by 41 to 62p wide, depend-
ing on degree of development (table 7).

Cuticle,—Without armature in anterior portion; faint iransverse striations
proesent.

Alimentary tract.—Oral opening leading into a buceal capsule 36u to 38 long;
capsuie more distinet in older lnrva of ihis slage than in newly molted forms.
Esophagus slender, 210x to 436z long, oceupying about one-third of hody length,
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more or less uniform i width in young larva of this stage, but in older ones
beceming differentiated into proesophagus—an anterior, comparatively short
slender portion—and postesophagus—a posterior, wide portion about five times
as long as preesophagus; esophapus opening into a long slender intestine composed
of many cells having poarly defined walls; posterior portion of intestine opening
into & large rectum surrounded by Iarge reetal glands, 2 subventral and 1 dorsal
in position.

Nervous systemt,—Nerve ting 80p o 144 from anterior end; details of nervous
systemn most evident in late second-stage larvae and very similar to those of thicd-
stage larvae.

Ezxcrelory syslem—S8irneture as in previous stage; opening of exerctory pore
80z to 1674 from anterior end of hody,

Genital primordinm.—Bmall ellipsoidal bedy, ventral in position, 362 to 530
from tip of tail, the distance depending on size of larva; best seen in living spoci-
teng of older Inrva of this stage.

Table 7 shows the rate of development of second-stage larvae of
Ascarops strongyline in the intermediate host (Aphodius granarius),
the measurements having heen made on different days after experi-
mental infection. :

Tapue 7.—Principal measurements af ¥ second-stage larvae of rscarops strongyling
ot varions periods of deselopment in dung bectles

Prericd of development ond mensnremonts of Kieen nn,—
Item

Poricd f development

[engthof Body. . .. .

Anslmum width of b

Length of bucenl wavity .. In..

J.anetl of esophsgys o, . .

Listinee of nerve ring (rom anteclor ened
mierous

[Yistancy of excretors jlore from anteclor end
miierons

IMstnnee of genital primondinmg from pus- ¢

terlor e, . . imierens
Tengih of inil . Mo

s Laewa trnlerveine ceeindd molt,

TINRB-5TAGE LAIYA

Shape and size—DBody slender, of same width for most of ity length, tapering
stightly anteriorly and rather abruptly posterior to anus (fg. 10, i2); anterior
end with characteristic dorsoventral liplike elevations (fg. 11, €). Head sur-
reunded by outer eirele of 2 large and 2 smuller subdorsal papillae, with corre-
sponding subventral papillac; 2 lateral amphids present; an funer cirele of smaller
papillae, 1 pair subdorsal, 1 pair subventral, and 1 pair lateral (fig. 10, Jf); 2
small lateral asymmetrical cervieal papillae (deirids) present; papilla ot righ€ ane
left sides, 159x to 195p and 9l io 132 Mrom anterior ewd, respectively.  Tail
conical, terminating in a charnctoristic small smopth knob 7 to Su long (fig,
11, 6). Larvace 1.9 te 2.32 mm long by 53p 1o % wide; according to gcumt
(117}, 1.9 mm long by 80z wide.

Cuticle —With prominent transverse strintions.

Alimeninry froct—In en Tace view, oml opening is somewhat hexagonal and
clongated dersoventrally, the aperture leading into a slender mwoulll eavity, In
optical section, walls of mouth cavity appear as 2 rods, each 834 fo 70« long.
Esophagus about oue-third as long as body, differentinted into a provsophagus
1ldp to 200u long, aml & posteosphagus 590x to 800k long.  Tntestine abaut
two-thirds ay long as body, counecled posteriorly witl, rectirn,  Reetum 304 to
40¢ long, surrcunded by 3 large rectyl glands, 2 subventral and 1 dorsal o
position.

Nervaug system.—Reardily visiiale, especially in spechinens siained in acid ear-
mine.  Nerve ring appears as o thivk ring eneireling the esophagus 1294 to 1524
from unterior end; according lo Seurat (£47), 154n [rom anterior end.  General
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strucbure of nervous system (fig. 11, C, E, F, G, H), similar {o that of third-stage
larvae of Gongylenema pulchrum, except that in Ascarops sirongy lina the cells of
suhventral ganglia, ventral and postericr te nerve ring, are « ivided into two
roups.

¢ Excrelory sysiem.—In general, as in previous stages. Lxcratory pore 150u to
2054 from anterior end, it duct opening into atriangular excretory ginus, the sinug
wall possassing o single large nucleus,

Cenilel prinmordiun.—As in Gangylonema pulchrum, sex can be differentiated
at this stage. Male genital primordium (fig. 11, B) 154 to 18x long by Suto 1lg

FIGURE 11.—THIRD-STAGE LARVAE OF ASCAROPS STRONGYLINA.

A, Eneysted larvn: J3, portlon of larva showing the imale genitnal primrdiuing ) noderiar portion of lorva,
Intern! viow: £, parilon showing the fenmle genlinl primorciun utisched to body wall, laternl view; &,
aayterior portion of ‘arva ghowing fenlures of iervous systoni, ventral vigw; F, region of nerve ring, dorsal
view; G, posterior partion of larvy, lateral view; f, posterior portion, ventral view.

wide, located ventrally between body wall and intestine, 600u to 750u from pos-
terior end of body, composed of 2 large epithelial eap cclls enciosing ahouot 7
germinal eclls. Female genital primordium also olliptical, 154 to 184 long by
9y to 11u wide, atlached to bady wall on ventral gide by means of a large cell
{fig. 11, D) 700x to 835u from tip of tail.

Table 8 shows the mensurements of third-stage larvae of Ascarops
strongyling in an intermediate host (dphodius granarius),
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TABLE 8.-—Principal measurements of 9 third-stage larvas of Ascarops strongylina
ai various periods of development in dung beetles

Periad of developmant and rueasurements of arvao

hinlo no.— Famale no.—

Perled of development

Lenopth of body

Maximum width of bedy

Length of buceal cavity .

Lenglh of proesephagus. .

Length of postesophagus.

Dlatanceof nervering from anteriorend _do. ...

TMstanes of exerotory pore feom anterlor enl_
mmicrons_ .

Dstaoea of cervicsl papliine from unlerior

erud:
Right papiila . 150
Left paplily o] 85| 108 106
Tstance of genital primordium from posterior
migrons..| 670§ 60 T
) Fi:] u7

DIFFERENCES TN FIRET THRER SATAGES

The outstanding differential features of the first three develop-
mental stages of . lscarops strongyline are as follows:

First-slage larva—Cuticle 2t anterior end apparently provided with 2 longi-
tudinally arranged hooks; posterior to these hooks, about 17 parvaliel rows of
very minute spines encireling the vephalic portion of jarva; tip of tail conical.

Second-stage lurve —Cuticle withont such armabure as in previous stage;
anterior nnd poste-ior ends bluntly rounded,

Tidrd-stage lare.—Cutivle as in seeotnd-stage larva; anterior end with 2 dorso-
ventral clevations; dip of tnil possessing a smooth knobiike process,

Devevorment vy Txruivmeniare Host

Bggs of Ascarops strongyling were obtained by chopping up gravid
female worms in o few drops of distilled water. This material was
transferred to small pieces of blotting paper and introduced into
small glass tubes about 2 cm in diameter and 5 em in height. In
crch of these tubes, there were placed six dung beetles (Aphodius
granarius). The beeties had been colleeted from sheep manure, and
when many of them were dissceted previous to infection none were
found to harbor a natural infestation with Ascarops strongyiina,
(i‘rialss tubes containing eggs and beetles were kept outdoors under
shelter,

Beetles (dphodins granarius), dissected 24 hours after they had
been exposed fo infective eggs, conteinea a few first-stage larvae in
the abdominal portion of the body eavity. Young larvae, 1 to 2
days after infection, were 158y to 160z long by 9z wide. About 15
duys after infection, most first-stage larvae were found encysted in
the walls of the Malpighian tubules. These cysts were usually
spherical and thin-walled, and, besides the larva, s cyst contained
several rounded bodies, possibly fat cells (Ag. 10, F). At the end
of sbout 17 duys, several larvae were noted undergoing the first
molt (fig. 10, L), and 2 days later several arvae were already in the
second stage. Larvae undergoing the second molt (fig., 10, 77, I} were
found 28 days after experimentsl infection, and thard-stago larvae
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wers found in beetles dissected 1 day later. During the develop-
ment of the larva the cyst increased in size, being about 524 to 936u
in its ereater diameter and 420 to 7004 in its lesser diameter when
fully developed. Completely formed cysts were usually found free
in the abdominal portion of the body eavity of the beetle, frequently
being interlaced superficislly by small tracheal tubules of the insect
(fig. 11, A).

ORrsErRVATIONS ON EFFECTs OF TINVIRONMENT
RESISTANCE OF EGGS TO LOW TEMPERATURES

On February 17, 1933, sbout 1,000 eggs of Ascarops strongyling
were mixed with sterile sand, and the mixture was placed in two smadl
glass tubes, Enough waier was added to this mixture to give the
sand a moist appearance. These tubes were plugged with cotton
and placed in a refrigerator. On March 9, 20 days kater, the tubes
were removed from the refrigerator. The eggs were separated from
the sand, placed on pieces of blotting paper, and the blotting paper
and egge put in a tube containing several dung beetles (Aphodius
granartus), These beetles were exmmined at intervals of from 10
to 20 days after their exposure to infestation, and each was found to
contain several young larvae of Asearops strongyling.

The temperature range during the 20 days’ exposure in the refrig-
crator was as follows: Minimum, —4° C,; maximum, 2°. The total
time during which the temperature was 2° was 48 hours; 1°, 24 hours;
0°, 48 hours; —1°, 24 howrs; —2°, 216 hours; —3°, 24 hours; —4°,
76 hours. The eguzs were thus kept at freezing or below-freezing
temperatures for 85 percent of the entire pertod of refrigerator
exposure without being killed.

LONGEVITY OF EGGS AT ROOM TEMPERATURE

On February 17, several thousand eggs of dscarops strongyline
were mixed with sterile sand and put in two small glass tubes. These
tubes were plugeed with cotton and placed in & pint fruit jar, Water
was put in the Jruit jar in order to retain moisture in the jar and thus
prevent drying of the sand. The jar was covered with moist paper
hand towels, and a {ew small holes were made through the paper at
the top of the jar. These jars were kept at room temperature (22°
to 24° () until June 18, 1933, about 4 months, when the tubes were
removed from the jar, and the eggs were separated from the sand
and fed to dung beeotles (Aphodius granarius). These beetles were
examined 10 and 20 days later and each was found to contain several
larvae of Ascarops strongylina. These observations show that eggs
of Ascarops strongylina at room temperature are able to survive for a
period of about 4 months.

PHYSOCEPHALUS SEXALATUS (MOLIN, 186¢) DIESING, 1861
{Flgs. 12-13)

Synonyms—Spiroplera sezulele Molin, 1860; 5. strongyling suis labiate Molin,
1860; Filuria sexalale (Molin (), 1860) Perroncito, 1891; 8. sirigis (Linstow,
1877) Seurat, 1915; Habronemn sezveloty (Molin, 1560) Ostertag, 1932

Hosts—Definitive: Bwine, wild boar, whitelipped peccary, tapir, cattle,
horse, ags, dromedary., Intermediate: Colecoptora (Canthon lueewis, Geotrupes
douei, G. steroorarius, (. stercovesus?, Gymnoplewrys siurmi, (. sinnatus, Ontho-
phagus bedeli, O. hecate, 0. nebulosus, haneeus curnifen, P. vindex, Scarabaeus
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sacer, 8. variolosus}. Accidental: Mammals, birds, reptiles, and amphibinns
for third-stage larvae; the writer (4) has found thesc larvae cneysted in the
stomachsg of hats captured in Washington, D. G,

In addition to the above intermediate hosts, the foliowing Coleop-
tera have been found by the writer to serve as intermediate hosts for
P, sexalatus: Ataensus eognotus and Passalus cornutus.

FIGURE 12.—VARIOUS STAGES IN THE DEVELOPMENT OF PHYSOQCERHALUS
SEXALATUS

Egg: A Wilh fally doveloped shall and embryo; 1, showing appencance of shell befare it s fully formed,

Fingt-singe larva: € Anterior end, Intern] view; £, anterlor end, dorsal view: &, antevinr e, ventral
view; I, Inrvg fram inlermedinte Jiose 2 dayy nfler experitientn] infection, Wternd view; Jf, tadl; £, Intvn
from Intermodinte host 12 days after experlment infection; J, tarvn undergofg frst malt.,

Seconl-stuge larvie &, Iail, laternl view; JO, posterior partion of v sodergoing seeand (olt,

Locativn—Adults in stomach of definitive host; third-stage larvae in hody
fnv;ty of Intermediato host, and in wall of intestine or mesentery in aecidantal
jost,

Distrifintion—Afrien (Algerin, Madagasear), Asin (Indo-Ching), Austrais.
Europe (Italy, Germany, fumania), Central Amerien (Panama), North Aunerica
{United States), South America (Brazil).
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Drescriprion oF Eag, Buenyoe, anp Lanval STaces
EGG

Eeg {fig, 12, A} similar to thab of Ascarops strongylina.  Ciures {{7) deseribed
a pluglike protuberance at one pole of the egg; Foster (26) was unable to confirm
Ciurea’s finding. The writer’s observaiion explains the discrepancy in the find-
ings of the above investigators, since the pluglike protuberance is conspicuous in
a shell not completely developed but s not recognizable in a well-devcloped
shell {fig. 12, A and B). In a series of measurements invalving about 30 eggs,
longth 41y to 45p, width 22p to 26x; according to Ciurea ({7), length 39y, width
17a; sccording to Foster (26), length 34, width 15s. Hgg contsins a well-
developed embryo at time of oviposition.

EMBRYO

Embryos, obtained by erushing several egas on a siide under a cover slip, 192a
to 107 long by Gw in maximum width. Embryo does not undergo further devel-
opment until ingested by intertmedinte host.  Morphology of embryo resembles
that of young first-stage larva.

FIRST-STAGE LAHYVA

Shape and size~—TFirst-stage larva similar in shape to that of sisenraps strongy-
Yina (fig. 12, ¥, 1, and [i; hefore moltine sometimes attains alengil of $8x and a
\\‘iﬂi{l{\ of 38 (table 9); according to Seurat (£77), 420p in length and 40u in
wi 1.

Cuticle—Cuticular strueture and armature as in first-stage larva of Ascareps
strongyling, but with the [ollowing differencees: Posterior of two anterior hooks
fig. 12, C and E) about 3u long, or about twice the tength of correspondiug
hook of .l. sirengyline; rows of spines surrounding anterior portion of body
about 15 in number and extending about 14 from anterior endl; spines of cacl
row more widely spaced than corresponding spines of A. sirengiiing; cach row
of spinvs possessing one Iarge spine dorsally (Ag. 12, ¢ and Di, a feature lacking
in . strongylina {fg. 10, C).

Alfmentary traci—Tn peneral similar to that of frst-stage larva of  clscurops
strongyling,  Esophagus 76u to 141 long, depending on degree of development
in intermediate host.

Nervaus system,—As in first-stage larva of Ascarops strongplina. Nerve ring,
42y to 0Qg from anterior end.

Freretory system.—~Excrelory pore 4du to GSu from anterior end, leading into
a short dilaied duet, this duct epening into a large exeretory cell possessing a
large nucleus.

Crendtal primordium.—In living specimens, hardly distinguishable from large
muscle cells of body wall.

Table 9 shows the rate of development of first-stage lnrvae of
Physocephalus sexaltus in the intermediate host (-ltaenius cognatus),
the mieasurements having been made on different days after experi-
mental infection,

Tanni Do—rincipal measurements of 3 firsi-stage larvee of Physocephulus sexalalus
i various periods of development in dung beetles

Perion of devglopment aad moasure-
mepts of Jarva noo—

1

Poriod of developmente - —oeen ae - R | -1, 2 4

Leagth of body - .. .mierong. 121 135 !
Maximum width of bedy. e . Lol 4! G
Lomgth 0fesoplagUS o cvomen —epee oo o - do. ... g, o
Distance of nerve fing [ron anterior ani. oo . . Y ! [ R 42 45
Distnnci:ofl:.\:crewr)']mreI‘romlmlcrlarend._‘ PR [ SR 45 . 481
Length ftadlo o cocia o coer v .odo... 0 o4 :

: Lrva umdergoln:
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SEQOND-5TACE LARVA

Shape and size—TLarva similar in shape to second-gtage larva of Ascang)s
strongylina, but tip of tail more rounded in Physocephalus sexalafus (fg. 12, G).
Larvace about 456x to 1.8 inm long by 404 to GOp wide, the size depending on
degree of development (table 10.)

Cuticle—Cuticle without armature at anierior end; faint transverse striations
present.,

sAlimentary tracl—In general similar Lo that of corresponding larvac of Ascarops
sirongyling; csophagus 1364 to 545 long,

FIGURE 13.—THIRD-STAGE LARVAE oF PH?"_SOCEF‘HALUS SEXALATUS,

<1, Eneysied Inren {fromn 1Tobmaler, 14235); 5, anterior am of tarvag, en fnee view (Irom Chilwood, un-
Insblished); O posterior portion, leteral view {origital); £, nnterinor portion, lateral view (arlpginaky: £, Ioe-
eral viow of Inrva Coriginaly,

Nervous systenmt.—Norve ring, 60z to 98y from anlerior end; details of this
system similar in general Lo that of third-stage Inrva,

Excrelory system—As in previous slage,  lixeretory pore 68p to 115z from
anterior end.

Genital primordiem.—More easily recognized in older larvae of this slage,
appearing as u sl elliptical bory} in o specimen 1.3 mm long, genilul primor-
dium 4254 from posterior end.

Table 10 shows the rate of development of second-stage lnrvae of
Physocephalus seralutus in the intermediale host (Maenius cognatus),
the measurement having heen made on different days alter experi-
mental infection. '
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Tasne 10—Principal measurements of 4 second-stage larvae of Physocephalus
sexalalus at various periods of devclopment in dung beetles

Perlod of develepment and mensere-

nienls of lorvn no,—
Hem

Teriod of dovelop e be . c e e cc e e e NYS
Lengthofbatly, - omicrans. i
Maximm widih of bedy.

Lenpgth ofesoplinpls. on el coce s eeaes

Distanceof nerve rlng from puterfor end. . _

1distanco of exeretory pore froin anterior end .
Distance of genital primordivn from jostevior end .

Lenglh of tal - . . P

! Larvi voderpoing second inolt.
THIKD-BTAGE LARVA

Shape and size—General shape and siructure (fg. 13, J1-F) of larva similar
to that of corresponding siage of Asearops strongyling, with the exception of
the position of cervieal papiila und tip of tuil.  Cervieal papilla (deirid) on right
side of body opposite to excretory pore, 131p to 170u from unieror end; corvical
pepiila (deirid) on left side nenr reglon of base of buceal exvity, 68x to 80x from
anteriorend; tip of tall ending in o characteristic small knob, about 7« to Sx long,
bearing nbout 20 10 23 small digitiform cuticulur processus (fig. 13, ). Larvae
1.35 to 1.6 mamn long by (0g {6884 wide; according to Scurat (4 £7), M40x 40 1.81 11m.
long by 7hu witle; according to Hoebmaivr (5.2), 1.3 to 1.35 num long by 5ag widoe.

Cubicle.—With promivent transverse strintions.

Alimentary tracl—In general ag in dscarops sirengglinag, with the exeeption of
the lenpgth of the hueeal cavity, Buceal cavity comparatively long, 724 to 1064
long {fig. 13, D and Y] proesophagus 80 to 102 long; pustesophagus 4364 to
585 long, extendiog posteriorly abmost to equator of body ; reetim 34 to 38, long.

Nervous system.—Ceneral structure us v corresponding stage of Ascarops
strongylina (fig. 13, C,_ D, and £). Nerve ving 1{0g to 140a from anterior ond.

Ezcretory systenm.—Exevetory pore 129 to 167 fromn anterior end; necording
to Seurak (1173, 145u from anterior end.  Duek of exerctory pore opening into
a trinngular excretory sinus; sinus walls containing » lurge nuelena,

Gewital primordivin—As in Gangyloneme gudehriem and HAscarops strongyline,
sex ean he differcntiated at this stage.  Male genital primordinm elliptical in
shape, aboul 15x long and Yp wide, loeated ventrally hetween body watl and
intestine, 820x 1o 348p from posierior end; as in A, strongyling, composed of
2 large epitheliul cefis enclosing u group of geeminal eolls.  Female genitul
primordinm alse somewhat ellipticul, about g long and 7a wide, attached to
body wall ventrally by means of w eoll, 438u to 4604 from Lip of tail.  Measure-
ments piven in lable L indicate that the female genital primordinm is closer Lo
the posterior end of the larva than the genital primordium of the maie.

Table 11 gives the measurements of third-stuge larvae of /*hyso-
cephabis seralatus in an intermediate host {Aicenius cognatus),

Tavue YL—~Principal meesurements of & third-stege larvae of Physoce phalus
sexalalvy al rarious periods of developmend in dung beetley

Period of develaprent tuid seasuroiments of
Tarva s,
Bt

K it §a

Period of development. .~ . . . otdnyvs E 4] k 50
Lepgtholbody ... . .. . ... willimmelers, . i b4a
MMasbmtan wideh of body . P 1 F ot L il 1)
Length of buco! caweity, . e e bl
LeppLh of procsoplingns. .o - .. oL ; k
Leopth of postesaphapus. . aaceae. . coalo
Distance of nerve ring from abterlor emd .. | Ldoo. .
Distance of cxerctory pora from attlerior end, do, .
Bistance of cervigal prpillas from anterior end:

Ripht popilia. . o ooooean oo .. . _oadeo .

cht.pnpiﬂ!u. S ¢ S
PMstnneoof gonibal primardiven from anieiior end, g L
Longth of tad o o :

1 Fumwsle nrva. F Male Jutwi, # Zex nodeteninined,
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DIFFERENCES 1IN FIRSET THREE STAGES

The outstanding diflerential features of the first three develo
mental stages of Phy ysocephalus seralatus are similar to those alrea({]
noted for scarops strongyling, except that in the former the E\.EO%J
at the tip of the tail in the third-stage larva possesses several digiti-
form processes, whereas in the latter the knob is smooth.

DevienorsexT 1x e Ixyrniseoiare Hosr

Eggs of Physocephalus seralatus were obtnined and fed to dung
beetles (Afaenius cognafus) ns desertbed for Asearops str om,.-yluw
Beetles dissected 24 hours after experimental infection showed several
rewly hatched lirst-stage larvae in the body cavity. About 16 days
after infection, first- stavc larvae, about 4484 Jong, were found cncysted
in the L_[ulplrrhmn tubules of the beetles and were undergoing the
first molt {hig, 12, J). The cyst wall at this time is very tlun and in
addition to the larva, it encloses 2 or 3 small cclls, probably fat cells.
Second-stage larvae were noted 20 to 26 days after experimental
infeetion; Jarvae undergoing the second molt were noted in beetles
34 days after infec tion; third-stage larvae were noted in beetles 36
days after infection. Duri ing the dcveiopmem of the larva, the cyst
increased in size, being ahout 300x to G50y in greater diamoter and
4204 to 7004 1n lesser diameter at the time the (yqt wits Tully developed
(fig. 13, ). Completely fornied cysts were found either attached
to \ln]pwhmn tubules or free in the abdominal portion of the body
cavity, frequently intertaced superficially by smull tracheal tubules
of the insect.

Hobmaier (52) 1n his sludy of the larval stages of Physocephalus
seraletus, shows in his figures that the larva molis four times in the
intermediate host; Scurat (J14, 116, £17) and the wriler find that the
lnrva undergoes only two molts in the intermedinte host.  The latter
ohservations are in harmony with the known facts of nematode
development.

Onakrvarions 08 Lrrecrs 0r EXNVINUSMENT
HESISTANUE OF BUGS TO LOW TEMPERATURES

On February 17, 1933, about 1,000 eges of Physocephalus seralutus
were mixed with sterile ¢ m(l and the mixture was placed in two small
ginss tubes. These tubes were plugged with cotton and placed in
a refrigerator.  On March 9, 20 daw% later, the tubes were removed
from tiie refrigerntor.  The cmfs were separated from the sand, pluced
on picces of blotting paper, and. the blotting paper and egys puL nn
tube containing several dung beetles (& Ataenins quatuﬂ These
beetles were examined at various intervals from 10 fo 20 days after
exposure o infection, and cach was found to contain several young
Inrvae of Physocephalus seralatis.

The teniperature range during the 20 days’ exposure in the refrig-
crator was as follows; LT111111111111 —4° C; maximum, 2°. The totul
time during which the temper attire was 2° whs 48 hours; 19, 24 howrs;
0°, 48 hours; ~1°, 24 hours; —2°9, 216 hours; —3°, 24 hours; —4°,
76 hours. The eggs were {hus lxepi, ut freczing or helow-freezing temp-
erntures for sbout 83 percent of the entire perivd of refrigerator
exposure without heing killed.
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METASTRONGYLIDAE
METASTRONGYLUS SALMI GEDOFLST, 1923
(Figs, +4-16)

Synonyn.—Metastrongylus elongatus Salm, 118, not Railliet and Heury, 1911,

Hasts.—Definitive: Swiic.  Intermediate: Lumbricus ferresiris and Helodrilus
caliginosws var. tropezoides. .

Location:—Adults in trachen, bronchi, and broneuivies of definitive host;
third-stage larvac_in elrculatory gystem and in walls of alimentary fract
{usually esophagus) of intermediate host. . _

Distribution—Africa (Delgian Congol, Asia (Java, Philippine Tslandsy, Burope
{Spain}, and North America {(United States),

Deserirriony o Baa, Eyvsnyo, axp Lanvan Sracss
BOGG

Eggshell thick and olliptieal in shape, possessing rough soeface with the
appearance of small mammillations (fig, 14, A); Incompletely developed egpshell
showing a thin covering, and within it an inncr vitelline membrane enclosine
cmbryo (fig. 14, B), TBefore the ege is deposited by the female worm the shell
appears to undergo considerable hardening and contraction, this process possibly
giving rise to the unevenness found on the surface of the fully deveioped eggshetl.
I o series of mensurements involvitg about 50 fully developed egegs, length 43,
lo 57g, width 38x to 41p; aceording to Gedoclst (32, length 52,5 to 55.5., width
334 o 40x.  Egg contains a well-developed embryo at time of oviposition.

The eges of Metastrongylus salmi, ns well ns those of M. elongatus
und Choerostrongylus pudendotectus discussed in this bulletin, “con-
trary to reports of some other investigators, usually pass out of the
host unhatched. Hatehing usually does not take place until the

cges are taken into the body of a susceptible intermediate host,

EMBILY:

ismbryos, obiained hy pressing several eibryonaied eggs ander cover slip,
27a3p to 2054 long by 124 in maximuin width; possess nuierons and somewhal,
large granules; usually tightly coiled within epgeshells as shown in figure 14, A,
When cmbrye is mechanieally renoved from eggshell, posterior half of body is
eoiled ventrad, giving cibrye appearanee of open figure 6 (fig. 14, D). Bmbryo
as found in egg in freshly pugsed feces of swine usunlly does not lenve egpshell
nor undergo additional developinent befors being ingested by inlermiedinte host.

FINST- AND SECOND-STAGE LARRVAR

First three larval stages of this parmsile not distinelly separated from oue
another as are those of most strongyle larvae, Soon alter cutiele of first miell
hecomes sepurated from anterior end of Dady, 1 gseeond molt is ovident (fig. 14,
B, (). Tirst caticle usually shed before euticle of second molt beronies completely
detached from body of larva; sceond cuticle is, however, vetained throughont
lile of larva in intermediate host; period of seeond stage is then possibly reproe-
sented by short period From fime that first and second molls are evident, that is,
sceond stage is represented by a malt, but is otherwise more or less suppressecd
50 far as a dislinet existenee Tor a definfle period is concerned.  Differentintion
of various larval molts in Metesirongylus salmi involves essentially the same
features as those poluled oub by Sehwartz and Alicutn (171) for larvue of AL
elangatus and Chocrostrongylus pudendotocius., :

Shape and size.—Larvae of the first and seeond singes slender, with tapering
anterior and posterior portions.  Anierior end (fig, 14, ) of young first-stage
larva rounded and slightly set off by a small eonsiriction, which is not evident
in older lurva of first stage,  In first-stage larva, posterior end (fig, 14, D) lias o
broad rounded tip turned ventrad; after the first molt, tip of tail more Pointed
{6g. 14, F}. Tirst-stapge larvae 1 day after infection, 2754 to 300u long by 124
wide; at tinne of first molf, larvae 500k to 525z lony by 22x 1o 26 wide; under-
going sceond molt, 550p to G10x long by 264 1o 28u wide (luble 12).

1313% -« Gl
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Culicle.—Very thin, trunsparent, with fiue trunsverse strintions; cuticle, in
contrast with that of other heteroxenous nematodes discussed in this bulletin,
with no numatore.

Altmentary lracl.—Oral opening leading into a short {ripartite buceal cavity
lined with threc longitudinally arranged annules; these annules best distinguished
in third-stage Inrve (fig. 15, D). Lsophagus 1104 to 160k long, slender, with a

FIGURE J4.~VARIOUS STAGES IN THE DEVELOPMENT OF METASTRONGYLUS
SALME,
Teg: A, With Radiy developed aihirye; 8, showing Invotptetely formned shell,
Fimtstage rvas O Anterior portiong 77, newly lnteher larv 27 darva vitergolny firss moll.,
Hegotl-ibipe lnrva: Sk G, On vorge of seeond ol wiile suill enelosed within the euticle of Orst insit.

distinet swelling at its anterior thivd g 14, B Tulestine slender, its walls
closely packed with Inrge dark-brows grannbes; intestine conneeting with a short
and narrow reefum,

Nervous system.—TLarva staised with nquevus methyiene biue, showing nerve
ring 50u to 72x lroin enlerior end; werve ring surrounded by several noelei of
nerve cells.
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Ezerelory system.—Exerelory pore 584 fo 80p from anterior end: its duct
vonnecting posteriorly with exerelory glunds.

Genilal primordivm.-—Roepresented by small ellipsoidal group of eclls, ventral
in position, 1604 to 3304 fram anterior sl

Tanup 12, ~Prineipal measurements of 10 firsl- wnd socond-stage lrvar of Meta-
strangylus salmi al various pertads of deselopment tn eartinvorms

Period of developrment snd measuremenis of Inrvs no.—-

Hen [,

Period af develgpment . days, .
Langth of hdy, . . mivrons.
Afnxlmom widih of body
[englh of eroplingizs. .
Dsinnee of nerve 1n anterior
el Lo mlernns
Mstnney of exerelory pory from fite-
Foremd. ..o oL nderans | A8 : :
Distnnes of genitel primeardinm fromn - i
anlerior el . niierans. Int}! TR | MY sty T U5
Length of tnil oo Ed

B B 11 +H

s oa ! wd Tan g F -|.~‘.| N

+ I

' Larvo underpoine fiest molr.
« Larva undorgoing seeand spall.

Table 12 shows the vate of development of Metastrongylus sahing
in the intermediate host (Helodrilus caliginosus var. trapezoides),
the measurements having heen made on different days after oxperi-
mentul infection,

THIRD-5TAGE LAY A

Shupe and stze—Shape of larva, moslly ns in pravious stages (6. 153, £),
Each lateral half of head, in en face view, apparently surrounded by 3 small
elevations (fig, 15, €3, probably representing the heginning of the fortualion of
the 2 Interal trilobed lips of the adult worty,  Fead with an outer eirele of 2
subdorsal and 2 subventral papillue and 2 Iateral amphids; an inner cirele of
2 snbdorsal and 2 subventral small papillae also apparenily present,  Tuil
tapering, terminaiing in a pointed tip; just above tip, latersl view, 2 dorsal
notebes somewhat indistinel {fig. 15, 52 aud M. Tarvag 550z to 630g lang,
cnclosed in shealh of lash molf.

Cuticle~With prominent transverse striations.

Almentury fract.—Oral opening leading into s tripartite buceal eavity about
Auclong, lined with three Iongitudinally areanged annules (fg. 13, D). Esophags
strongyliform, 150g Lo 173u long.  Ditestine slender, Iving, Tor the most part,
close 1o ventral side of hody wall, and vpening inlo w narrow rectin about 22,
lang.

Nervous system.~~Nerve ving 64p 1o 720 froms anterior enel of body, 1o stained
speeimens, 6§ nerve strands anterior 1o nerve ring, forming papillary nerves,
2 subdursal, 2 subventral, and 2 luleral.  Pusterior (o nerve ving, 2 Iarge interal
ganglin, caeh eonnecled posteriorly 1o ihe posierolateral ganglion, {he latier
extending midway between nerve ring and end of esophagus.  Dorsally and
venirally, groups of nuelei of nerve cells, possibly representing dorsal and ventral
ganglin.  Excretory duct surrounded by a group of nuclei of nerve vells; slightly
pesterior te i, retrovesivular ganglion represented Iy a group of nuelel of nerve
cells,

Ereretary system.—Excretory pore 72z 1o 80y from anterior end, leacdling into
long excretory glands extending posterior to reetinn (fg, 135, £).

Genitel primordipm—In aboul same pesiltion as in previoes stages, 300x Lo
345u from anterior cnd,

Tuble 13 shows the measurements of third-stage larvae of Aefa-
strongylus salmi in an intermediate host (Helodrilus culiginosus var.
{rapezoides).
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TasLy 13.—Principal measuremenis of § lhird-slage lareae of Melastrongylus
salmi af various periods of development 7o earthworms

Perimdd of development ansl miensure-
ienls of lacvn no.—

e

Period of development,,. . P £ | S - 18

lengthefbody. ......... . . . . Imierans. . Rl

Muximan whlth of body. .. . e L s o
Lenpgth of esephagns - L . . . . do. .. 175
Distance of nerve rlng (ram anterdor emd., . do ..: 0
Distnneo of excretory pore fron anterlor eml . dn. . T2l
Dristance af genital primordiom front anterinr el il HIL
Length of tall . e e meee R | [ T it

FIGURE 15. -THIRD-STAGE LARVAE OF METASTRONGYLUS SALMI

A, Anterfor poartion, fnternd view; £, posterior pordon, latesal view; O snerdoe oned, on fee view) £,
wnlerlor emd, Intered view, & Interal viow of Tnevss 8, varistions noted In tafls

BIFFERENCES 1N FINST CHEREE STAGES

The outstanding differentinl featurves of the first three develop-
mental stages of Afetastrongylus satmi are as follows:
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Firal-slage larve.~—About 275p to 3804 long by 124 to 18y wide; anterior end
conical and somewhat set off by a small constriction; cuticle at anterior end
conical when loosened in preparation for first wiolt.

Secand-stage larva.—About 500z to 5254 long by 22ux to 26z wide; anterior
end slightly flattened.

Thiri-stage larva.—About 550« to 630u long, enclosed in a sheath formed by
cutizie of second slage; sheath flaftened at anterior end (fig. 14, B); tail with
Z somewhat indistinet dorsal notches when viewed laterally.

DEvVELOMMENT 1IN INTERvwepiare HosT

Eggs of Metastrongylus salmi were obtained by chopping up gravid
female worms in a fow drops of distilled water. This material was
then transferred to a 250-ce beaker and mixed with a small quantity
of soil; several live enrthworms (Helodrilus caliginosus var, {rapezoides)
were put in this soil. In order that the earthworms used should be
free from natural infestation with this parasite, they were colleeted
from_the yard of a city dwelling. Earthworms were allowed to
remain overnight in the soil contaming the lungworm eggs and were
then transierred fo o beaker containing soil free from lungworm
eggs. These experiments were carried out at room temperatures
(22° to 24° C.).

Earthworms dissceted about 30 hours after being exposed to infee-
tion in soil contained several first-stage larvae in the wall of the
esophagus, especially the posterior part of this organ. In earth-
worms dissected nbout 13 days after infection, several larvae were
undergoing the first molt (fig. 14, F); earthworms dissected 2 days
later contained laryne in the process of the second molt, while still
enclosed in the cuticle of the first molt (fig. 14, £ and G), the larvae
having 2 sheaths at this time. Completely developed third-stage
larvae were recovered from the esophageal wall and hearts of earthi-
worms 18 days after infection.

OBSERVATIONS OX EFFECTS uF ENvIRONMENT
LONGEYITY F THIRD-STAGH LARVAE IN BODY OF INTERMEDBIATE HOST

On March 24, 1933, 4 earthworms which were experimentally
infeeted with Metastrongylus salmi were placed in a large, tightly
nailed, wooden box containing soil. This hox wus placed outdoors,
partially underground, and was covered to prevent rain from falling
upon it. On July 24, 4 months later, only 1 earthworm was found
in the box; apparently the others had died. This earthworm was
found to harbor 4 third-stage larvae of Metastrongylus safmi, 1 larva
in the esophageal wall, and 3 larvae in one of the hearts. These
larvae, after being isolated from the carthworm and placed in water,
showed considerable activity. The above experituent shows {hat
larvae of Metastrongylus salmi may remain in the body of the inter-
mediate host for a$ least 4 months.

METASTRONGYLUS ELONGATUS {DUJARDIN, 1845) RAILLIET AND HENRHY, 1911

{Figs. 16-17)

Symonypmy.—Cording pulmonalis apri Ebel, 1777; Ascars ng;ri Gmelin, 1789;

A, fliformis Sehrank, 1788; Fusarip apri Zeder, 1803; Strengylus suis Rucdolphi,
1809; 8. paradozvs Mohlis, 1881: 5. c;onguhm Dujardin, 1845; 8. longivaginaius
Dicsing, 1851; Melasirongylus paradozus (Mchlis, 1831) Molin, 1860: Filaria
trachealis Cobfnold, 1864; 5. apri (Gmelin, 1789) R. Blanchard, 1805; Cleacina
octodactyla Linstow, 1006; M. apri (Gmelin, 1789) Raillict and Henry, 1907,
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Hosts.—Definitive: Swine, cattle, sheep, goal, deer, roe deer, man, and, by
experimental feeding, dog, as reported by the writer (5). Intermediate: Helo-
drilus foctidus, H. caliginosus var, frapezoides, Lumbricus terrestris, L. rubeflus,
Bimastus fenuzs,

Location.—Adults in trochen, bronehi, asd bronchioles of definitive host;
third-stage larvae in cireulntory systen: or wall of intestine or, usnally, esophagus
of intertnediate host.

Distribution—Alrien (Belgian Congo), Asin (Annmn, China, Japan), Aus-
tralia, Burope, North America (British West Indics, Puerto Rico, Mexico,
["nited States), South Amerien (Argeuting).

Drscrirriony of Bog, Bunnvo, axn Lanvan Sraaes
EGG

As in AMletastrongylius salmi, cgg, fully developed, with thiclk shell, clliptical in
shape, nnd with a corrugated sarface (fig. 16, :i). I'n u serics of mensurcimenis
involving about 80 epgs, lengily 45p to 57y, widlh 38x to 41y; according to
Gedoalst (32), length 5lx to Bdu, width 33z to 36x; necording to Zebrowski
(140}, lenpth 504 to ROp. Egg contains s weil-developed embryo af time of
oviposition.

IMBRYQ

Embryos similar &0 theose of Mefastrongylus solmi (fig. 18, ), 275u Lo 3045
long by 12 wide.

PHILRP- AN SECOXND-5UAGE LARVAR

Shape and size—Shape of these larvae same ns in corresponding stages of
Vetastrongylus sabmi,  Newly hotehed tarvae 275g Lo 3054 long by 12p wide;
at time of first molb, 520 to 540p long by 22x wide; undergoing second moit,
560u to 650k long by 26u 1o 28x wide (table 14}).

Cuticle~—Thin, with fine trangverse strintions.

Altmeniary tract—Morphologically, as in Metastrongylus salmi; csophagus
114 to 1604 lony. ]

Nervous sysicm—AR in Melastrongylus salmi; nerve ring 52z to Tz from
anterior end.

Ezeretory system—Excrelory pore 58 to 86u from anlerior end, its duct
connecting posteriorly with exerclory glands.

Genilal primordivm,—Small, cllipsoidal, and veniral in position, 160p to 365x
from anterior end.

Table 14 shows the rute of development of first- and second-stage
tarvae of Aetastrongylus elongofus in an intermediate host (Helo-
drilus caliginosus var. trapezotdes), the mensurements having heen
made nt different days after experimental infeetion,

Tante 1§—Principul measuvements of 9 first- and sceond-stage terewe of Meto-
strongiflus clopgains al ravions peviods of develogment in carthwornes

* Perivd of develaprent nnd attents of lrva no—

Ttem

Perled of developmente....oovo. -, .. tays. Py R T
Lenpthof body. ... ... .. DI {11 Tyl J . H WY IS
Aacdmum witleh of body ... .. do. . 3 Loy 2 Mo 2§
Lenptl of usophness . . Lol 13 ; i - RN T 1
THstiatece of nerve ring froin anterior el : ' . : | .
mferans. i i 5 LT TR
Distance of excrelory pore frei onterion emd : : i '
tnberons 15 : S 521 s6
Distanee of penliad primordiom fram saterlor . : . . '
F Y T P { [ 1315t S o oam 0 ;WS Bus |ou6g !
Tanpih of endl.. . . . do - | B ] Eli] 45

1
LI i

t Larya undergoing first molt,
{Larva undergoing séeahif molt,



http:AGHWUlll'U.IU

EARLY DEVELOPMENTAL STAGES OF SWINE NEMAI'ODES 39

THIRD-STAUE LARVA

Shape and size.—Shape of larva resembles thut of eorresponding stage of
Metastrongylus salmi (fig. 18, D-G}; in lateral view of posterior portion, notches

20
FIGURE 16—VARIOUS STAGES IN THE DEVELOPMENT OF METASTRONGYLUS
ELONGATUS.

A, Egp with fully developl embrys,

First-siage Inrva: B, Newly hatehied; €, nterlor portdon of laren undengolog first inolt,

Third-stage larva: B, Anterior end, Internl view: £, anterior portion, lnters) view: #, posterior portion,
latern] vlew; @, Intern] view of larvi; HT, varistions noted in tafls,

near lip of tail usually more prominent in M, elengatus (fig. 1G, 10 than in M.
seimi.  Larvae 625g to 665 long hy 26u wide, enclosed in kheath of last molt.
Cuticle~—With prominent transverse strintions,
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Alimentary tract.—Morphologically, as in Melastrongylus selmi; esophagus
1554 to 177u long.

Nervous system.—In genersl, as in Mefastrongilus salmi; nerve ring 72u tc 804
from anterior end.

FExcretory system,—Excretory pore 80p to 87x from anterior end, leading into
long excretery glands extending posterior to rectum (fig. 16, (.

Genital primordium—Position resembles that of previous stages; 340x to 390z
from anterior end.

Table 15 gives the measurements of third-stage larvae of Meta-

strongylus elongatus in an intermediate host (Flelodrilus caliginosus
wvar. frapezoides).

TapLy 15 —Principal measurcments of 5 third-siage larvae of Metastrongylus
elongadus wt various periods of desclopment in enrthivorms

! Pariod of development and measnrements
af lorve no.—

! -
o

Langth ol esophagUus e ees e e

Distunce of nerveriog from anterior emd. ... ..

Bistence of excretory pors from anterior end...

Hatance of genital prioerdimn frein noterngr -
Length of lafh oy e ot

DIFFERENCES IN FIRST THREE STAGHS

The cutstanding differential features of the threc developniental
stages ol Metastrongylus elongatus nre as given for M. salmi.

Duvenoesest 1x [yrteasmiprars Hosr

Earthworms (Felodrilus caliginosus var. trapezoides) were exposed
to soil contamming eges ol Metastrongylus elongatus, in the same manner
gs described for M. selmi. Barthworms dissected about 16 hours
after being exposed to infected soil contained several first-stage larvae
in the wall of the esophagus. In earthworms dissected 15 days after
infection, several larvae were undergoing the first molt (fig. 16, ).
Earthworms dissected 4 days Iater contained larvae in the process
of shedding the sccond cuticle, while still enclosed in the cuticle of
the first molt. Completely developed third-stage larvae were recov-
ered from the esophagus and hearts of earthworms 20 days aiter
mfeetion (fig, 17, A and B).

Occasionally, larvae which had not yet undergone the first molt were
found in the circulatory system, cspecially in the hearts of the earth-
worm, In this connection Schwartz and Alieata (109) pointed out
that the migration of the larvae of Metestrongylus elongatus and
Choerostrongiylus pudendotectus in the blood vesscls of the intermediate
host wns not an essential feature in the development of the larvae,
since complete larval development may take place in the walls of the
digestive tract,

The time of occurrence of the various molts seems varinble;
Hobmaicr and Hobmaicer (49) in referring to the development of
Metastongylus elongatus in earthworms, state that a molt took place
10 days after infection. Schwartz and Alicata (109) reported that
evidence of first and sccond molts was found on the eighth and ninth
deys, respectively, after infection,
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OBRSEAVATIONS 0N LrPFEces or ENvikoxmunt

On December 20, 1932, 15 earthworms (Helodrilus coliginosus var.
trapezoides) which had been experimenially infected with Mefasiron-
qylus elongatus were placed in a box outdoors, as described for A4, salmi.
On September 20, 1933, 8 months later, only 2 earthworms were
recovered from the box; apparently the others had died. One of
these earthworms harbored 2 larvae in the esophageal wall and 3
larvae eoiled in one of the hearts; the other earthworm harbored 2

FIGULE 17—, Esephagis of enrthworm coninining larvae of Melnstrongylis clongntus (hdicated by ar-
rows) in hearls and esoplngen]l wall 40.dnys after experimontal infeetion; 23, hearl of eacthwor anclosing
Inrvae of M. etongatuy (indieated by urrows).

larvae in the hearts. Tlese larvae showed considerable activity
when isolated and placed in water., These observations show that
third-stage larvae of M. elongatus were able to survive in the tissues
of the intermediate host for at least ¢ months, including the winter
and summer seasons,

CHOEROSTRONGYLUS PUDENDOTECTUS {WOSTOKOW, 1905} SKRIARIN, 1921
{Flg.18)

Synonyms.—-Melastrongyius pudendotectus Wostokow, 1905; M. Lresivaginatus,
Railliet and Henry, 1907; Choerostrangylus brevivaginatus (Railliet and Henry,
1907) Gedeelst, 1923.

Hosfs — Definitive: Swine. Intermedinte: fleladrilus fostidus, Il caliginosus
var, irapezoides, Lumbricus lerresiris, L. rubellus.
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Location—Adults in trachea, bronechi, and bronehioles of definitive host;
third-stage larvae in eirculatory system and in walls of alimentary tract {usually
esophagus) of intermediate host.

Distribution.—Africa (Relgian Congo), Asie (Annam), Europe, North America
(British West Indies, United States), and South America (Argentina).

Descriprioy oF BaG, EMBryo, axp Larvarn Stioss

RBGG

As in Melastrongyius selmi, egg fully developed with thick shel, cliiptical in
shape, and with & corrugnted surface (fz. 18, B). In a series of mensurements
involvingahout 50eggs,length 60uto Gdp, width 43 to 450 necording to Gedoclst(32),
length 57a 10 63p, width 39x to 424; according to Zebrowski (140), length 704 to
100p, width 50p to 80y,  Zebrowski's measurements indicate that he was mea-
suring eggs with incompletely developed shells, Egg contrins a weli-developed
embryo at time of oviposition,

EMBRYO

Embryos similar to those of Melastrongylus salmi (fg.- 18, D), 300u to 3154
long by 12 to 14p wide, : -

FIRST- AND SECOND-STAGE LARVAE

Shape and size.—Shape of these larvae similar 40 that of corresponding stage
of Melnstrongylussalmi(ig. 18, D). Larvaenswly hatched, 300uto 315z long by 124
to 14z wide; ab time of first molt, 325¢ to 548u long by 22u wide; undergoing
second molf, 580x to 630x long by 264 to 28, wide (table 16).

Cuticle—With fine trensveise striations,

Alimentary tract. —Morphologieally, as in Melestrongylus salmi; csophagus, 117,
to 160x long. .

Nervous system.—Nervous system as in BMelastrongylus salmi; nerve rng, 5%u
to 76u from anterior end.

Excretory system.—Excretory pore 64p to 86u from anterior end, its duct con-
necting posteriorly with excretory glands.

Genital primordivm.—8mall and ellipsoidal, 164, to 355 from anterior end.

Table 16 shows the rate of development of first- and second-stage
larvae of Choerostrongylus pudendotectus in an intermiediate host
(Helodrilus celiginosus var. trapezoides), the measurements having
been made on different days after experimental infection.

TasLe 16.—Principal weasuvements of § first- and second-stage lurvae of Choero-
stronglus pudendoleches wl varions periods of devclopincal in carthworms

! Period af developrient nind mensurerpents of Inrvn
1 Mgy, -
I

1§2i:;

Pariod af development. .. .. ... _._....thys 1
Lenpth of body [ T ¢ L 1111 I AT
Maximum widthof bady. oo ..Ludooll 12
Lenplhofesophagus. .. ... ... . ... do__ | 0w
Distance of nerve ring from sulerioremd.. | doo,.f 52
Distance of exeretory poro from aoterioread. e ... ©
Distauce of penital primordiuny from antorier

end. e e aTCRODS L] WH ] 17D
Lenogth of tail do._. | - 30

t Loren undergaing frst molt.
7 Loarva undergoing second moil.

THIRD=5TAGE LARYA

Shape and size—Larvae resembling in shape those of corresponding stages of
Metastrongylus sabmi (fig. 18, € and E). In Iateral view, notehas on tip of tait
ususlly asin M. selmi, but not go prominent as those of M. dongatus (fig. 13, 63,
the findings of the writer being contrary to those of Hobmaler and Hebmaler (513,
who state that the notches at $hie tip of the tail of Cheerestrongylus pudendotectus
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are deeper than those of Metastrangylus clongatits. Larvae 600ux to 655x long
by 26g wide, enclosed in shenth of Inst molt,

Cuticle—\With prominent transverse striations.

Alimentary trect.—Morphologieally similar to that of corresponding stage aof
Mefastrongylus salmi; esophagus, 160g to 180x long.

&

FIGURE 18.~VARIOUS STAGES IN THE DEVELOPMENT OF CHOEROSTRONGYLUS
PUDEMDOTESTUS.

B A, Showing incomploialy formed shelly B, with fully developed ghell and embryo.

First-stage lnrvn? 1, Newly hatehet; 52, nunterpoinge first molt, ) L

'Phird-:ilni:a Infvis €4 Pesterlor portion, laternl view; B, nnterlir portion, knderal vlew; ¢, variations
noted In tails,

Nervous system.—In general, as fu Metastranggbns salmi; nerve ring 72p to 82p
from anterior cnd. .

Ercretory syslem.— Vxerelory pore Sdp o 87, (rowm anterior end, leading into
long exeretory glands exiending posterior 1o reetum (fig, 18, Cand E).

Genital primardium.—1In approximately the sume positien as In previous stage;
34%, to 300u from anterior end.
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Table 17 shows the measurements of third-stage larvae of Choero-
strongylus pudendotectus in an intermediate host (Helodrilus caliginosus
var. frapezoides).

Tanue 17.—Principal measurements of & tird-siuge larvce of Chocrostrongyius
pudendolectus al ariows periods of development in earthworms

Period of development anid measure-

meats of larva po.—
Tremns

! B

-

Perfod of developrnenl. ool ooi i dYEL 9
leppihofbody_ .o e ; 2 [1331]
Mavisnum width of body, v —— o 2%
Lengthofesophiagus .. oo ool 130
Distaneo of nerva ring fromn snerkorendoo.. ..., . .. 75
Distnnce of exeretory pore from anterfor and . . 87
Bistpnee of genits) pritnordiun from unterior end fo.. E 380
Lenplhof to ool i . o ieierann &5

The outstanding diflerential featurcs of the three developmental
stages of Choerostrongylus pudendolectus are as given for Metastrongylus
salmi.

DuveLursmest iy IxveErsenare Hosr

Lnrthworins (Helodrilus caliginosus var. trapezoides) were exposed to
soil containing eggs of Choerostrongylus pudendotectus, in the same
manner 8s described for Metastrongylus salmi, Earthworms dissected
about 30 hours after exposure to meeted soil contained several first-
stage larvae in the wall of the esophagus. In earthworms dissected
14 days after infection, several larvae were undergoing the first molt
(fig. 18, F). Earthworms dissected 4 days later contained larvae in
the process of shedding the second cuticle, while still enciosed in the
cuticle of the first molt. Earthworms dissected 19 days after infection
contained fully developed third-stage larvae. As in A1, elongatus,
larvae which had not yet undergone the first molt were found in the
circulntory system, especially in the hearts of the earthworms.

OnsERVATIONS ox Errects or ExvinoNMEXT

On December 20, 1932, 15 earthworms (Helodrilus caliginosus var.
trapezoides) which hiad been experimentally infected with Choerostrongy-
bus pudendotectus were placed in a box outdoors, as deseribed for
Metastrongylus selmi. Nine months later, only 1 carthworm was
recovered from the box; apparently the others had died. In this
earthworm there were found 4 third-stage larvae, 2 larvae in the
csophageal wall and 2 larvae in one of the hearts. These larvae showed
considerable activity when isolated and placed in water. These
observations show that third-stage larvae of Choerostrangylus pudendo-
tectus were able to survive in the tissues of the intermediate host for
at least 9 months, including the winter and summer seasons.

ASCARIDAE

ASCARIS SHUM GOEZE, 1782
{Fig. 19)
Synonyms—Ascaris lumbricotdes Tinnacus, 1758, of authars; A. suilla Dujardin,
1845,
flosis—Definitive: Swinc, sheep, cattle, orang-utan, squirrel. Sincc Ascaris
aurnm is morpholegically identicul with A, Lumbricoides, so fur a3 the literature indi-
cates, the reports of sscaris for the above-nientioned hosts other than swine, the
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tvpe host of A. neum, are possibly reports of A suum and possibly of A, lumbri-
eoides. Larval forms of A. swwn in goat, guines pig, mouse, rabbit, rat, and
probably many other mamingls,

Location.—Adults in small intestine usually, but sometimes as wandering
parasites in esophagus, stomach, cecutn, Tespiratory passages, liver, pall bladder,
pancreas, kidneys, and possibly other parts of the hody.

Distribution.—Cosmopolitan.

TresonrirTioN oF BGe AN EMBRYO
B

e usually rounded or elliptical; shefl thick, covered with an albuminous cont
frregularly mammillated (fg. 19, 2}, und usually stained yellowish brown by
sutostinal confenis. 16 has been pointed out by many authors, numely, Miura
and Nishiuehi {75, Foster (27), Wharton {(186), Martin (7], Otto {89), and
Teller (53), that wniertitized Ascaris eggs are oceasionally found in host feces;
such eggs are usually thin-shelled, elongated ovoid, and frequently asymmetrical,
the gibtiminous covering present or absent.  Otio (53), in examining 59,329 eges of
A. humbriceides, noted that 15.8 pereent were infertile,

T o series of mensurcments involving 50 cges, lengih 68g to 8dp, widih 504 to
T6u; nccording to Foster (27, length 56u to T3g, width 46, to 5 Egg usually
nnsegmented when oviposited and on appearance in feees, when embryo within
shel is fully formed and melted, development apparenily ceases until egg is
ywallowed by suitable host.

EMBIYQ

Fully developed emthryos (fig, 19, @), obtained by erushing several embryonaied
cgEs, 935, to 266u long by 1lx wide; according to Ranrom and Foster (573,
200y to 300z long by 13g wide; body nearly uniform In diameter, anterior ened with
small knob composed of 1 dorsal and 2 suhventral lips {fig. 19, [} a feature first
pointed out by Stiles (/8M, lips surrounded by outer circle of 2 subdorsal and 2
sulpventral double papillac and I pair of lateral single papillae; an inner circle of

papillae also present, composed of 1 pair of large paljaii]lac on cach lip (fig. 19, B),

1 amphid present laterally on each subventral lip. sophagus 93¢ to 102k long,
occupying about gue-thivd of entire length of worm. intestine very granular,
connecting posteriorly with a slender reetumn.  Genital primordium not vigible in
living specimens.  Tail eonieal, usually pointing dorsad, 21u to 25u long; according
to Ransom and Foster (§7), 40u long. Fully developed embryos are enclosed
\\"lithin o sheath (fg. 18, &) indieating that they have molted once while within
the shell.
DeveLorMEsT axp INFRCTIVITY ar Bvurvo

Although voluminous data are available in the liccrature on the
development of Ascaris eggs, there are certain peculiarities in connee-
tion with theinfectivity which are not yet undersiood. The references
to “embryonated eggs” commounly found in the literature presumably
refer to infective eggs, but observations of the writer indicate that the
so-called “‘embryonated eggs®’ are not abways infecfive. Apparently
an egg is not infective until the embryo within the shell hns under-
gone a first molt. The time required for this molt depends on the
temperature at which the egg is incubuated.

That larvac of Ascaris undergo a moit while in the egg has nlready
been noted by Ransom and Fester (97); these writers do not specify,
however, that the molt is essential before the egg is infective. They
report that some eggs cultured by them at froni 33° (o 34° (. contained
“fully developed embryos in 10 days”, but they give no information
fo show that these eges were setually infective. To obtain informa-
tion on {he development and infectivity of embryos of A. suum, the
author made the following experiment:

A large number of Ascaris eggs obtained {rom the uteri of gravid
females were cultured in Petri dishes in 1-percent formalin solution at
various temperaturcs, namely, 22° to 24°, 30° to 33° C. When the
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eggs contained young embryos, such as is shown in figure 19, F, about
4,000 of the cggs were fed to 1 or 2 young guinea pigs weighing about
140 g each; feedings were continued therenfter daily until the eggs

FIGURE 19.—EGGE AND EMBRYOS OF ASCARIS SULIM.

Bggs A, Ax found in freshly deposiled feees of swing 9, eontrining youne embryo; F, containing young
cmiryo liter in developmeniy O with an Infective embryo, .

Embrya: £, Fully developed, anterior omd, en fuee view; @, inifective embrya, oblained by erushing thy
eggshell, showing euticle of first malt; /2, anterior Jwrtion of Lifeetivo vmbry, stde view: ££, tail of embryo
on verge of first mall,

fed contuined embryus which Lind molted, Molting of the embryos
was best observed by placing the eges under a cover slip and then
tapping the latter sharply with the handle of a dissecting needle until
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most of the embryos became liberated from their shells. The guinea
pigs were killed 5 days after feeding; the lungs were examined for gross
lesions and wete also chopped in small picces and placed in a smalil
Bacrmann apparatus. The results of the observation of the larvae
cultured at 33° and of the feeding cxperiments are shown in table 18.

Tanne 18.—Develapnient and Tufectivily
at

[ate af ineubation, Juane B, 1033
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nfler
inen-
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servntions of gafo-
oa phes & odavs
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' {num-
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Inrvae reeovers],

CReps not il i 5, nond W days afer ineubatiog
Table 18 shows that eggs of Ascuris siem ineubated at 33° C. con-
tained fairly well-developed embryos in from 12 fo 15 days alter
* ineubation (fig. 19, ), and that the eges reached the infeetive stage
at the time the embryos had molted (fig. 19, &), which was 16 days
after incubation.

Kggs which were incubated at 30% and ab 22° to 24° (. {room tem-
perature) contained some molted embryos 18 and 28 days, respectively,
after the cultures were made. Provious to the melting of the em-
brvos, these eggs failed to produce lesions when fod o guinea pigs,
and no lnrvae were recovered rom the lungs; lesions and clscaris
larvae were noted, however, in the Jungs of gulnea pigs which were
fed the eggs at the time the emibryo began to molt,

TRICHURIDAE

TRICHURIS SIS (SCHRANK, T88) A, L SMITH, 14§
Fig. e

Synonyms.—Trichocephalus suis Sehrank. 1788, 1. apri, Canelin, 17940; T
rrenatus Rudolphi, 1804,

fosts —Bwine, wild boar, and wild phe 1Nus bengalensish,

Laciulivn.—Adulls in cecwn and colon.

Distribution —Cosmopolitan,

Dgaernerioy or Koo axn Exoryn
EGU

Egeshell usually barrel shaped, thick, durk brown, and provided with a clear
knob at each pole (g, 20, A} In a series of meusurements involving albguf 50
egps, length 60x to 68, width 28x to 31p; aecording to Hall ¢4i}, length 524 to
564, Epg unsegmenied when passed in feces. Development of embryo procveeds
ontside ihe host until cmbryo is fully formed; subsequently developinent appar-
ently ceases until egy is ingested by suitable hiost,
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EMIRYU

Fully formed embryocs, obtained by erushing saveral em bryonated eggs, 1364 to
163p Jong by 11u wide (fig. 20, /~K). Body tapering slightly at anterior and
Jposterior portions; anterior'end rounded, bearing & small lancet-shaped spear, the
lntter sometimes protruding from mouth eavity and sometimes retractod within
cavity; spear connecting pesteriorly wilh a small, slender, dark hase. Fillehorn
{30} has reported a similar spear and dark base in embryvos o Trichuwris trichiura
and stated that this base, called by him “ Lanzen-Behalt”, is fixed to the digestive
tract; when the embryo of T. suis i3 viewed laterally, the spear appears to lic
stightly oblique to the longitudingl axis of bady. Esaphagns 60p long, poorly
defined, extending slightly less {han ono-half entire length of embryo; posterior
to esophagus an undifferentiated nass of granules extending to posterior end of
body, most of this representing the intestinal {iraet. Tip of tail ending in a
characteristic rounded knob ifig. 20, K1,

DeveLorseNT oF s Esmsnvo

The development of the embryo of Triekuris suis within the egg-
shell is apparently dependent upon the environment. Considerable
information js available with reference to the time necessary and other
factors essential for development of the eges of several species of
Trichurts. Davaine (28) reported that Trichuris eges isolated from
feces of man and cultured in wnter required 85 months to become
embryonated.  Railliet (97) noted that eggs of Trichocephalus depres-
siusculus (= Trichuris vulpis) required about 6 months to embryo-
nate when cultured in water. According to Fiilleborn (29), eggs of
Trichuris trichivra cultured at 26° C. were embrvonated in about 34
weeks; Hasegawa (45) also found that some cges of T trichivra were
embryonated in 28 days at from 28° to 30°. Cort and collaborators
(19, 20, 21}, in a field survey of helminthic infestation in southwestern
Virginia, Panama, and China, noted that infestation with 7. irichiure -
was high in regions where shade, warmth, and abundance of mojsture

revailed; in some cases, however, where the incidence of Trichuris
mfestation was high, these investigators found that climatic and soil
conditions were net the primary determining factors in the distribu-
tion of this parasite. Spindler (122) suggested that a considerable
quantity of moisture was probably necessary for the development of
the whipwerm of man. The same writer ({23}, in a study of tempera-
ture and moisture requirements in the development of 7' rulpis, found
that cggs exnltured in water at 30° heeame embiyonated in 16 days,
whereas those cultured at 37° became embryonafed in from 12 to' 13
days; eggs on wet 5o0il and those in a saturated atmosphere a6 22° and
30° developed nommally, whereas on dry soil at 30°, 98 percent of the
eggs failed to become embryonated and were no longer viable after
29 days. In field studies of the trichurid of man in Louisiana, Otto
(82) concluded that heavy rinsin addition to long warm seasons and
shade proved ideal for optinum culture conditions of Trichuris eggs.
Nolf (80) has also noted that the eges of whipworms of man require
highly saturated atmosphere for development of the embryo.

The writer obtained eggs of Lrickuris suis from feces of a heavily
infested pig and cultured them in water in an incubator at 37.5° and
33° C., andlin charcoal and feces at room temperature (22 to 24°), and
outdoors underground. The mean temperature in YWashington,
D. C., during the period of the outdoor experiment from March 16
to October 12, 1033, was as follows: March, 6.1° C.; April, 7.3°;
May, 19.8°; June, 23.7°; July, 24.5°; August, 24°; September, 21,6°;
October, 169,
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Vi

FIGURE 20.—EGGS AND EMBRYOS OF TRICHURIS SUIS.

Fog: A, As found in freshly depusiced focss of swine; B, e | Hay ufier incubation e 37.5° ¢ C, 2 days
after ineubation at 37.5°; D, 5doys after insuhallon at 37.5%; £, 7 days after ineutution at 37. F, 12 do¥s
after incubation at 37.0%; ¢, 16 days after incubalion at 37 58 14 tlayy after incubation at 37.5°
fally developed embryo. i

Embryo: I, Obtained hy crushing the egpshell; J/, anterior end of embryo; &, wwterior etul.

13132 —38—d
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Beggs cultured in water were first isolated [rom pig leces by the
method outlined by McCoy (70). The eges were then placed in a
small glass receptacle containing water to a depth of about 3 mm, In
order to avoid excessive evaporation the receptacle was placed within
o 100-cc besker containing moistened coiton at the hottom. The
beaker was then covered with a thick layer of cotton and placed in
the incubator. The small glass receptoele containing eggs was
removed from the ineubator lrom time to time and the development
of the eges recorded,

For observations on the development of eggs at room temperature
and outdoors, the hog feces containing trichurid eggs were mixed with
anmimal chureoal up to one-third of the mass of leces. This mixture
was slightly moistened with water and transferred to large specimen
bottles ahout 12 em high and 5 cm in diameter; the bottles were
covered with a paper eap through which many minute openings were
made.  Specimen bottles containing the feces-charcoal mixture were
kept at room temperature for ebscrvation, the bottles heing placed
under bell jars,  Within each bell jar wus placed & large culture dish
containing water, the purpose of which was to keep the moisture con-
tent of the jar as high as possible. The bottom of the bell jar was
raised above the surface ol the table to n distance of about 2 mmin
order to allow free air eirculation.  FFor observations on the develop-
ment of eggs under outdoor conditions, the specimen bottles referred to
were covered with aluminum capsin which several small openings were
macle; these hottles were then taken ouldoors nnd placed upside down
in sheltered areas about 2 inches underground.  Aflter the desired
lapse of time, ench bottle was removed, and eggs wers recoverad for
examination by the sul{-flotation method.

The results of the observations on the developmont of egus and
embryos ol Tyichuris suis are gtven in table 19.

Tanuk 19— Stage of nevelopment of eggs of Tricharls stwis Tnoaralor owd $u foers-oiol-
rhiareant i

{hate of incubution Mar. W6, 1032]

"l}r!{.“s ! 2ape of Jeveloptent of egps, af indiailed tempernture, In
nfier - i a e e e e - -
h];ﬁ::ln : Waler ] Chareonl-feces culture
{mum $E . e, : gnnge (1, 6123550
0 reell 1 eell Yiest .. . 1eelk.
toateells - ) o : da o0 o L .
'.’I-Iculls. . P 1 T — e
3. . . E 2ol . canet
5% vells.. 4 el .
41 Barly murith . 1 eells j 1uell
o f Addvaneed moruln Early moruli |
12 1 Enrty postrula Advnneed marith . .
1w f Lote Lcljale. .. . Cooodan o | Seells L ewll,
15 T Fully embryonated | Early tadpole. . N
o0 [ Late tmlpple. . 4
oy iEU pereent fully eimn-
1 hryonated, i
wl buillinlly embryanaied | Early maoritks
L - Eadvanesd marula
a0 N . Lo . ULt tnd pole - 140 2 eells.
a . 3 pergent fully l'IIl-i
1 : - bryonnterd. ;
o) . v Mooty fullyemibey- § L ln S eells.
; i onuleit.
L . v o ¢ Homo in Inte moruly.
183 il iee o e . . . " Bamain lale lndpale.

ofaied.

a1 ;. . Lo I . 10 prereent flly enhey-
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Table 19 shows thut tempernture is one of the important faetors in
the development of the embryo. Tggs cultured at 37.5° C. were
embryonated in 18 days, whereas some cgrs culiured at 33° wero
embryonated in 22 days, A$ room temperature (22° to 24°) some
egps became embryonated in about 54 days, and of those kept out-
doors underground at temperatures of from 6.1° to 24.5° some eggs
beecame embryonated in 210 days. It was also ohserved that whereas
practically 100 percent of the eggs incubated at 33° and 37.5° became
embryonated, about 30 percent of the eggs at lower temperatures
appeared to be in the process of degenerntion. Tho observation on
the development of the eges outdoors may give some clue as to what
tnkes place under ficld conditions,

TRICHOSTRONGYLIDAE

HYOSTRONGYLUS RUBIDUS (HASBALL AND STILES, 15822) HALL, 1321
{Figs, 21-26}

Synenyms——~Sirongylus rubidus Hassall anrd Stiles, 1802; Haewonchus rubidus
(Hassall and Stiles, 1592) Sluiter and Swellengrehel, 1M2; Osteringin rubida
{Hassall and Btiles, 18392) Travassos, 1918; Prichostrongylus rubiduy (Hassall and
Siiles, 1802} Ficbiger, 1923.

Hosts—8winc and, experimentally, guinen pig.

Locution ~—Adulfs In stomaeh of host.

Distribution —Asin (Philippine Islands), Europe {(England, Germany, and
Hungagry), Centrul Ameriea {Pansmay, North Americn {Mnited States).

Descrirrioxny oF Bac, Buasivo, axo Prerawasimio Lawvat Staces
BGG

Eggshell thin, transparent, and oval in shape, with poles usually unequal, one
being less convex than the other ffig. 21, ). In a series of measurements
invelving about 30 eggs, length 604 to 764, width 31x to 38g; aecording Lo Skriabin
and Bekensky {1217, length 71u Lo 78y, width 35u 1o 42p.  Epgg containing an
early tadpole-stuge embryo when deposited with the feees of the host.

EMBILY

Rmbiryo, wien 1eaildy Lo hatell, resembling first-stage larva; about 280 to 3004
Jong by 174 wide.
FIRST-ATAGE LARVA

Shape and gize—~—Larva resembling corresponding stage of related strongyles;
hody slender and eylindrieal for most of ils length, taparing slightly anterforly
and more so posteriorly (fig. 21, F); anterior end with 6 minuteelevations, possibly
representing 2 subdorsal and 2 subventral papillae, and 2 Intersl amphids (.
21, C; posterior portion ierminating in a long, slender, pointed tail. Newly
hatched larvae 290x to 315 long by 17 wide; before molting, first-stage larvae
attaia a length of zhoud 540 to 554 and a width of 224 (table 20).

Cwtiete.—"Thin, transpurent, and with vory fine transverse striations,

Almentery tracl.—0Oral opening Jending into a exlindriea! bueeal eavity, L1u to
P5u Yong.  Esophapus rhabditold, 1be anterior parl, or corpus, sepmated from
pusterior bulb by e constrietion, 1he isthmus; bulb possessing the wsual Y-shaped
valve; base of esophagus with eells representing prittordium of csophapgeual intes-
tinal valve. Intestive somcewhat grannlar, composed of § dorsul and 8 ventral
celly; nuelei of these colls allernating with ove anolher, esusing eells 1o hulge
out inte hunen of infestine, giving the latter a zigrag or serpentine appesrance
when viewed Jalernlly; inlesline connerting posteriorly with o fine slitlike canal
about 15u long, lined with ¢ thin cuticularized membrance,

Nervoug sysiewr —Nerve ring appeuring as a band encircling csophagus 75 to
Gl from ite anterior end; ring surrounded by several nuelel of nerve cells.

}'Zrcrctary system.—Exeretory pore openjng ventrully 80p fo 95 from anterior
¢l
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Genilal primordium —Represented by & small ellipticul body, composed of 2
epithelial cells enclosing 2 germinal cells, 165u to 275u from anterior end, ventral
in positios, and near junction of fourth and fifth intestinal cells. As is pointed

FIGURE 2)].~VaRIOUS STAGES N THE DEVELOFMENT OCOF HYOSTROMGYLUS
RUBIDUS.
Fiest-stage loeva: € Anterior emely Fololern! view, . .
Bevond-stage larve: £ Anterior ond, undergelng sveond nolt, Interal view; G, Iateral view of lnrvi,

Third-stege larva: 8, Apterlor end, en face view; 7, nolerior portion shewing shapa of buceal cavity;
i1, lateral view of Inrve; J, tuil,

out Iater, {he sex of some speeimens of Hyostrongylus rubidus cun be determined
in this stage.

Teble 20 shows the rate of development of first-stage larvae of
Hyostrongylus rubidus in water-charcoal feces media at room tem-
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perature (22° to 24° C.}, the messurements having been made at dif-
ferent periods after the preparation of tho cultures,

Tanun 20— Principel measuremeonts of 5 firsi-stage laveas of Hyostrongylvs rubidus
ut various periods of desclopment

Terial of develo) 1 asd mens
of larva no.—

Terted of devalopmend AP Y EETTT,
Length of hady OO 1 [ ¢1 - 3
Maximmm width of fnily L [ M
Length of hueeal eavity . PO [+ T
{ength of csophagus. ... .. .- I
Distagion of nervo ring frome onteriorond. .. .0 oL,
Dislpuce of excrelory poro from anberier enr! . .

Lyistinee of genils! primondivm from nnterior ol

Longih af tadl., . .

Uiirvn wiielerpoing frs faoll,
BLEPOND-STALGE LARYA

Shupe and size.—Second-siage lurva similur in shape o lurvy of first stage
{fig. 21, {7, In this stuge the larvac grow considernbly, and before the sevond
inolt aftain o Iength of ahout 702 {o T8z sud 2 widilh of 264 (tabie 21).

Cuticle—With fine frangverse strintions.

Alwmentary fruet—DBucesl envity as in first-stage lovva, but in the transition
to the next stage, anterior portion of lumen narrowing gradually {Hg, 21, E);
uitimalely one-half of original lumen left open posteriorly, lumen of bueeal cave
ity then being shaped like a spearhend,  lisophagus rhabditiform, 1174 to 1338
long; intesline as in first-stage larva.

Nervous system—In genern), as in tirst-stage larva; nerve ring 97x to 106u
from anterior end,

Frerelory syslem,—Exerctory pore 1024 to 117 from anterior end.

(fenital primordinm.—~—During most of second Inrval stage, composed of group
of 4 cells as in first stuge; during ransition to third siage, epitielial cells inereas-
ing to about 10 or 11 in number.

Table 21 shows the e of development of second-stage larvae of
Hyostrongylus rubidus in water-churcosl-feces media at roomn tem-
perature (22° to 24° C.), the mecasurements having been made at
different periods after preparation of the culture.

Tanry ¥l— Principal measurements of § second-stage larvac of Hyostrongylus rubi-
dus gl various periods of development

Perlud of developmtent and menstirements

fbewt of larva no.—

Periv of developinenl _ honrs

Tengeh of body__. .. N 111 171
Maximom width of hady. ... RN < [T
Taength of bucealenvily . . oL PR | - T
Length ofesephogus .. .. ..., da.. .
Distance of nerve ring fram anlerior e, .. . .l

Listange ol exerelory pore from piterlorend ... .. do .
Distaies of genitn! primordiven froin nnierlor sid. do. ..
Tengthoftafl L. iv i i v e Al

1 Larva whdergolng sceond mott.
-

THIRD-RTAGE LARVA

Shape and size~—Bady similar {n shape to that of previous stage, but more
siencter (fig. 21, M}, head surrounded by outer circle of 2 subdoven] and 2 sub-
ventral pupiilae, and 2 Iateral aphids {fig. 21, 3); tail conical and shorter than
that of previous slages, ending in a cheracleristic short digitiform preecess {8g. 21,
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D). Due to reduction in size of tail, third-stage larva shorter than some larvae of
previous stage, those of third stage being 7154 to 735u long by 224 wide (table 22).
Cuticle—With prominent transverse stristions.
Alimentary tract.—In en face view, oral epening oval, being slightly elongated
dorgoventrally (fig. 21, B). Mouth aperture leading into a narrow lumen con-
pecting posteriorly with a characteristic spearhead-shaped cavity about 8p long

FisURE 22.—THIRD- AND FOURTH-5TAGE LARVAE OF HYOSTRONGYLLUS RUBRIDUS.
"hird-stage larvn: €, Anterinr portian, lnlerul vivw; &, anterior half showing penerul features of nervols
systent and Dnsition of pinnl eells, ventrol view; G, reelon of nerve ring, dersal view; ff, pusicror portion

of larvn, ventrl view, ,

Fonrth-slage lnrva: <1, Anterior end, en fage view: B, anlerior portion showing })rnvis[nnnl hnneenl eapsule;
F, unterior poriion of Inrvn undergoing foutth mu]l; B, inll ol fetaate; 7, tull of femnie nondergolng foucth
moll; J, posterior portion of male shewlog development of genitelia; K, posterfor portion of mnle wnider.

geing lourth moll.

representing remuins of buceal eavity of previous stege (fig. 21, D). Ysophagus
strongyliforiy, more slender than in that of previous wrval stages, and 130 to
148 Jong. Intestine eomposed of 8 dorsal and 8 ventral cells, and less granular
than that of previous larval stages; posteriorly, intestine connecting with a
slender rectnl canal,

Neruaus system.—Closely related to thatof other strongyles, such as Ancylostoma
duodenale, Haemonchus conlorins, Trichostrongylus <nstabilis, and T\ dougylusi,
described by Looss {67), Veglin (785), Mounig (76), and Theiler and Robertson
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(184), respectively, In stained speeimens, nerve ring appearing as a light
band surrounding the esophagus, 97y to 1064 from anterior end.  Anferior to
nerve ring, 6 papillary nerves, of whicht 2 subventral, 2 subdorsnl, and 2 lateral
(fig. 22, C, F, 7). Posterior to nerve ring, 2 lateral ganglia extending almost to
base of csophagus; o group of ventral nuclei, posterior to nerve ring, probahly
corresponding fo cells of subventral ganglion} posterior to nerve ring, & dorsal
and a subdorsel ganglion. The posteroventral ganglion apparently represented
hy the group of nuclei of eells surrounding excretory canal; retrovesicular ganglion
slightly posterior to posteroventral ganglion and at level of hase of esophague; the
2 lumbar ganglia locuted nenr region of anus {fig, 22, ).

Brcrelory system.—Lixeretory pore, 117 to 1254 from anterior end; excretory
pore conmected with a canal Jeading backward and becoming indistinguishable
in ‘Rnssing hetween eells of nervous system. )

Tenitad primordinm.—Location as In previous siages; 368x to 395, from anterior
end ; primordium composed of a group of about 12 or 13 cells, 2 of these germinal
cells and the others epithelial cells, A further discussion of the genital primordie
of this and other larval stages is given on page §9.

Table 22 gives the measurements of third-stage larvae of flyostron-
gils rubidus.

Tanne 22— Measuresments of 5 third-stage lavime of IFyostrongylus vubidus !

\
Feriad of developnienl and measuremaent s
i of lirva ne---

Item Dt e e mmmeme e

Teriodd of developmenl . L. oon e e e e atllyE

Lot 00 Wil ¥ o e e e oo omivrong L
Maximum widthof body o . o0 - o
Lenapth ol esophupbs o eeeece mmmmae . o 0 sotln
Distines of nervae ring from unterlor e, N | T
IMstimey of excestary pore rome anterior el . o o . do. . |
[Mstanee of genitnl primogdinm from unterdor emd. . do
Length of tail . {1 T

T AMeasnrenients oo net inehde sheail,
PIPFERENCES 1IN FIRST THREE SPAGES

The outstanding differentinl features of the first three larval slages
of Tlyostrongylus rubidus are as lollows:

Firsi-gtoge lurre—Bueenl eavity Jong, with parallel rod-shaped walls, epening
directly to the exterior; esophagus rhabditiform; tuil long and pointed.  Larva
200u to 554 long by 174 to 22p wide.

Seeond-stage lorea.— Bueeal eavity, esophagus, and tall as in first-stage larva.
Larva 577u Lo 745u Jong by 24p {o 26p wide.

Phird-stage larpa — Buceal envity short, spearhicad-shaped, and opening ante-
riorly by nnarrow lumen; esophagus strongyliform; il short aud conieal, termi-
nuting v a rmall digitiform proeess.  Larvi 7135 to T35 fong by 220 wide.

DivELOrPARENT 0 Prerarasime Lanvan Sratns

The method of obtaining eges and studying the various develop-
mental stages was in some respecis simi?nr to that described hy
Schwartz (108) in conunection with a study of the preparasitic develop-
ment of Monodontus phlebotomus (= Bustomum phlebotomum). The
eges wero obtained by cutting up gravid females of Hyostrongylus
ritbidus, which liberated most of the eggs from the uter. In order
to separate the eggs from the fragments of tissue, the chopped-up
wormn material was put in a sieve of fine mesh placed over a small
porcelain dish, and a gentle stream of water was played on it. The
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water passing through the filter carried most of the eges into the
porcelain dish. This water was then centrifuged, and the eggs re-
covered from this sediment were placed in two small Petri dishes.
In one dish was put just enough water to cover the hottom, and in
the other dish was put & small quantity of large granules of washed
animal charcoal to which were added sbout 3 drops of filtrate from
boiled hog feces. The dish containing only water served for noting
the development of the eggs and to obtain first-stage larvae for
morphological study; the other dish containing charcoal-and-feces
medium served for noting the development of first-, sccond-, and
third-stage larvac and to enable the writer to study the morphology
and process of development of these larvac. The reason for using
small quantities of water in these cultures was that in a large quantity
of water larvae would disintegrate before reaching the second o third
stage.

At the time of thelr removal from the uteri of female worms, egus
were in most cases in a well-advanced morula stage, though the range
in development was from one cell to the early tadpole stage. At
room temperature (22° to 24° C.), the majority of eggs contained
cotled and moving embryos after a period of 24 hours, Hatehing
was observed 39 lours after incubation. Newly hatched larvac
moved very slowly, but as they began to feed thoy hecame active and
moved in a series of wriggling jerks. The period of activity and
growth was followed by the first lethargus, during which the larvae
were inactive and began to shed their first cuticle. The first lethargus
was observed 103 hours after incubation, and complete shedding of
the cuticle occurred 10 hours Iater. Second-stage larvace moved even
more actively than those of the previeus stage. This period of
activity was again checked by the sccond lethargus, which ocourred
161 hours after eggs were placed in culture; 7 hours later ensheathed
or third-stage larvae were scen moving actively in the dish,

Third-stage larvae of 7. rubidus wriggled very actively in serpen-
tine movements, Another peculiarity noted was the attempt of these
larvae to rise when in water; if & small Petrt dish half Tull of water
and containing larvae was slightly agitated, the larvae would be
quickly carried up by the water currents and would be scen swimming
upward for a considerable period, the anterior end of a larva during
this time being very close to the surface of the water. The writer
has found this peeuliarity very helpful in differentinting thesc larvae
from those of other strongyle larvae encountered in hog feces.

The following tabulation shows the time required for the develop-
ment of farvae to the third stage in a moist clhinreonl-nnd-Tecos medinn
at room temperature (22° o 24° Oy

flours after Tncubntion Brepree of developinent
1-cell o carly tadpole stage,
Most ogus cmibrvonated.
weman =~ Bggs hatching.
o Few larvac in frst stage.
-« - .- Majorily of larvae in first stege.
Tivst fedhargus in progross.
wv - Few lacvae in first molt,
-. Fewlarvac in second stuge,
Majority of larvac in second stuge.
Seeond lethargus in progress.
Larvac in sceond molt (= third stage),
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DevELormexT oF Parasitic 8races 15w Fivan Host

As already reported by the writer (7), infective larvae of Hyo-
strongylus rubidus develop to maturity in the stomachs of guinea pigs.
These animals were used throughout the investigation on the para-
sitic stages of . rubidus. Young guinca pigs wetghing between 130
and 150 g were used ; these animals were kept without feed for about
24 hours before they were fed third-stage larvae of Hyostrongylus.

In guinea pigs fod ensheathed third-stage larvae and kalled 15
minutes after infection, the larvae had exsheathed and were adherent
to the muecosa of the stomach; this observation was made by first
washing the contents of the stomach and then examining the scrapings
of its inner lining.  These larvae were found to remain in the stomach

Figrng 23, —Cress seetlon of steuuel af poloea pig, showing Hiyostrongpins rubidus wonins (Todicated by
artaws) nid erosion of the gastele epithelnm.

and to develop to maturity thiere without any extensivye migeation in
the tissues of the host, as in the case of the hoolworm and some other
strongyle lurvac. In the process of development the larvae penctrated
the epittielial folds of the mucosa and frequently caused uleeration of
gastric glands and Dlood vessels (fig. 23); large masses of coagulated
blood have been found in the stomach contents of such guines pigs,

As shown in table 23, the rate of development of male and female
third- and fourth-stage larvae in the final host is approsimutely the
same. Some larvie of both sexes were found in the third molt 5
doys after experimental infection, and larvae which had eompletely
shed the third cuticle were neted 3 and 4 days later. Fourth-stage
larvae of both sexes were noted undergoing the fourth or {inal molt
13 days after experimental infection {fig. 22, [, I, and K). Com-
pletely formed adult males and females were noted 17 and 19 days,
respectively, after experimental infection. The outstanding morpho-
logical features during the development of third- and fourth-stage
larvae in the final host are as follows:
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Third-stage larvae.—Larvae grow in size, and at the time of the
third molt male larvac atbain a length of 9254 to 1.12 min (table 23);
the genital primordia have undergone considerable differentiation,
the primordia of the future testis and ducts being recognizable (fig.
24, K). At this stage female larvae have also increased in size, and
at the time of the third molt are about 889, long (table 23); the female
genital primordia bave also underzone considerable differentiation,
the primordia of the ovary and ducts being recognizable (fig. 26, I).

Fourth-stage larvae—These larvae have a provisional buccal eapsule
(fig. 22, B). Male larvae are 1.38 to 3.1 mm long by 304 to 60u
wide; the tail, which will formx the future bursa, becomes distended
(fig. 22, X)) ; the primordivm of the vas deferens is connected with the
rectum, Female larvae are 1.01 to 3 mm leng by 264 fo 45 wide;
the genital primordium is definitely atinched to the body wall ventrally
and the future vulva is recognizable. Further discussion of the
development of the genital primordium of the larval stages is given
on page 59. Table 23 shows the development of ffyostrongylus rubidus
in a final host (guinen pig), the measurements having heen made on
different, days after experimental infection,

TanLE 28.—Frineipal measurcments af third- and fourth-stage larrae wnd wdull
(fifth-stagey  Hyostrongylus rubidus in varipus periods of derclopment in the
guinee piy

SMALES

1
;
! Period of developnwast nid ineasuremaenis of -
3

liatm .
el (arth

i Phird-singe lirva . Y : s
i Third-siage (SN i et besiaage b o, ESIFIE;L'I v

i

4 u i LI B 4 g
]

Perigd of develepment._ ... aays. ] - [ [} 1% 21 17
Taongth of body_.. ... ... ..Inicrons T N = R S AT ] ,“.‘, 106} 1%, 160 33, 500
Marimwn widivef body . . ode.. | ! | i) Wy 48y 40 My A
Lengih of esophogos. .o . ... do.. 1667 o IR BT R T BT Y|
Distance of nerve rlng from anlerior : : : : . ! :

FLT, Y R 1 17y ) (- T ) TR T TR - S ¥4 B |- B [P
Disiance of exceretory pora froin ante- : : | ! ! :

T BN s ee o comae . MHCTONG 135 it . L W R S
Distones of cervieal  papilina from | | j | ;

anleriorend..... . . ... .microns . ... . ey s [P LA 75
Distanee of genitnl primordism frmn | . ; i I ! :

posterior enel . - migrons. . 3G : FE
Lenpih of sidenlis 3 . .. . [ S gt
Length of putrernnenliim, T T AT ppuup s B 1T B -
Leogih of tafl_ .., . . £ .

Period al develapment days.. 4 3 15 5 ] i1 oy
Lenztht of Body.— .. ... ...tulerons..; 713 THE O ORIL . KRR OLOT 1M TLAES GO0 L S
Mazimum widih of Body ... 0., 22w L N R N L
Longih of esophagns, o .oooooodeo L) RS U my ! a5 28 L W8] A SN0
Distnnee of nerve rimg from anterfor : i ;

an .microns. 3 1] 10 PR 15 B I < RS I I 1
THstnnce of excrelury pore [rom ante- H . i

riar end, coe oo mae s ..-mierons-.| 133 (U ) ! C§ | Mg MG 6
THstanes of cervienl papilive {rom au- [

Lerfor entdoce, - ceeuman . on JBICPAREL . uoai]- ! [ S ]
Distanen of penital primoerdinm from { .

posterior end.. .. . ‘.micmns._| i | F:t I (R IR e mm

i

Distance of ponl wuimy  front i
posterior enda... vewoommlerons. .o 0 L Lo bbb o ; L S U o W i
Lengil of (nil... . do... | B8 L] I h i) § w1 ahe

i

I Lurva umicrgoing third molt. 1 arva undergoing fourth moll.
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SeEX DIFFERENTIATION OF PREraABASITIC Lanrvas anp GENERAL DEVELOPMENT
or Puimanry Reeropuverive Ontass

Although sexual dimorphism in the preparasiiic larval stages of
strongyles has not been reported previously, so far as the writer can
ascertain, such differentintion has been noted in early stages of free-
living nematodes and in spirurid larvae. Maupas (74) found thuat in
thirdstage larvae of Rhabditis causaneli the genital primordivm was
composed of & long cylindrical body in the center ol which was a group
of small cells which gave rise to the uterus and the oviduet in the
fourth stage. Pai (86), in studying the lile cycle of Anguillule aceti,
noted sex differentiation, based apparently on differences in size of
the early larval forms. Pai does not specily sex in the larval stages,
but states that in newly hatched larvae the genital primordium of the
2 sexes appeared identical; in larvae 2 or 3 days old the morphologieal
features of the male and flemale sex primordia appeared different.
Pai also mentions that the female worms of 4. aceli reached sexual
maturity in 6 or 7 duys, whereas the males reached this condition in
9 days. Seurat (/18, 118) poinled out that third-stage larvae of
Gongylonema scutetum (=G. pulehrum) which later developed into
females already showed the genital primordium attached to the body
wall in the third stage. The writer has confirmed Seurnt’s observa-
tion and has also noted a similar attachment of the genital primordium
in third-stage larvae of two other spirurids, Physocephalus seralatus
and sscarops strongyline. The male genital primordium in these
cases is nof, attached to the body wall but lies m the ventral region
between the body wall and the intestine. Yokogawsn (/87), in his
observation on larval development of Heligmosomumn maurs {=Nippo-
strongylus muris), could distinguish sex in third-slage larvae soon after
they entered the host.  Yokogawn'’s bases for sexual differentintion
were: (1) The posterior migration of the genital primordium in
larvae that develop to females; (2) structural differences in the caudal
region in the 2 sexes; and (3) differences in the shape of the genital
primordia in the 2 sexes.  As is shown later, all these changes have
heen noted by the writer in the parasitic third-stage larvae of Hyo-
strongylus rubidus, but sexual dimorphism hes also been noted in the
preparasitic stages of these larvae.

According to observations by the writer, sex in preparasitic larval
stages of [/ rubidus may he determined by the position of a large
nueleated cell, reforred to Inter as the genital giant cell, close to the
genital primordium. A cell apparently similar to this one was
mentioned by Looss {(67) as occurring in larvae of Ancylostoma
duodenale, and by Ménnig (76) in Inrvae of Drichostrongylus in-
stabilis and 7. rugatus, and was also figured by the writer {§) in
larvae of Obeliscoides cunicult.

On several occasions, while studying stained specimens of third-
stage larvae of E. rubidus, the writer observed that the genital giant
cell was sometimes anterior to the genital primordium and sometunes
fateral or posterior to it. Studies of the parasitic stages of the third
and fourth stages of this parasite indicated that larvae having the
cenital giant cell anierior to the genital primordium developed to
males, and those having the genital giant cell latersl or posterior to
the genital primordium developed to femsales. The general develop-
ment of the male and female genital systems and the probable signifi-
cance of the genital glant cell are discussed later.
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In a recent absiract, the writer (8) pointed out that the geniial
giant cell has been found to be the posterior ccll of . graup of 4 giant
cells situated in the body eavity approximately equidistant from one
another and for the most part veniral to the intestine (fig. 22, /),
Each of these giant cells is about 5u to 8u long by 3u to Gu wide and
is the primordium of ench of 4 giant cells found in the body eavity of
the adult worms. Four similar giant cells have been reported by
Looss {67) in ihird-siage larvae of Aneylostoma duodenale and are
referred to by him as “cells of unknown sigmificance.”’

In the study of the detailed oruanization of the genital primordium
the writer used Loosa’s (67) method, which consisted of staining the
larvae with acid carmine.  This stain brings out the structural de-
tails which are deseribed in the following paragraphs:

MALES

First-stoge farva —Gonfial pritnordinm  of Hyostrongilus rubidus, like fhat
deseribed (or several nematode larvae of first stage, comnposer] of 4 eells, of whiel
2 arc epithelial cells enclosing the ather 2, which’ are gerntinal eells;  {u nowly
haiched larvae, the group of 4 colls is arranged at right sngle to main uvis of
body (fg. 24, ). As larva beeomoy alder during this stage, genital printordium
retates almost 90° to lic paraliel with bady wall (g, 24, B and (" at the time
genital primordium has rotated aboui 90°, penital giant celt les anferior and
close to genital primordium.  Posilion of this giant ecll gsnally differentiates
male {rom female; in what are eonsidored female first-stage larvae, genital glant
cell laleral Lo genital primordium; in male larvae giant cell antetior to genital
primordium. 1n carly first-stage larvae giant eell, in some cases, slightly Iateral
and slightly anterlor to genilal primordium; in these transitional CREed, ImMpog-
sible at present to differentinte sex. In late first-stage Iarvae, loeation of giant
cell appears to be more nearly consiant, either anterior to genflal primordium
in maie larvae, nr lateral to genital primordium in female larvae,

Second-stage larva—~Genital primordium during niost of thiy stage composed
of 2 germinal cells and 2 epithelial colls, corresponding o that of lale first-stage
larva, Al time of transition to third stage, epithelial cells of penital prisnardium
increase by cell division te about 11, wherens the 2 perminal cells do not divide.
Genital giunt eell siill remding antorior and usvally close to genilal primordium
(fig. 24, D and K).

Third-stage lurva {preparasitici. —Genital primordium composed of ahout 11
epithelial cells surrounding 2 germinal cells (fg. 24, Fy, located 394 lo 343u
fromn posterior end; menital piant celf still anferior to genlial primordinm.

Third-stoge tarva (prresitic) ~—In larvae 48 hours after infection, most epiihelinl
cells of genital prinordinm rearranped so that the two germinal cells lie in pns-
terior portinn of epithelial-cell group (fig. 24, &Y. Genilal iant cell s11)] anterior
nnd close (o genilal primordium, which is 335k 1o 300 from posterior end of
larva.  Four days sfter experimentasl infection, epithelinl eolls of penital primer-
divun increasing in size, apparently accompanicd by movement of eniire goenifnd
primordium direeled tonward changing ends and reversing original pasition of
structure (fig. 24, f and J:. Tn 8 or § days after infeetion, In Inte phase of (hird
slage, geniinl primordinm hay comtpletely reversed former pasition (R, 24, &
and L); during this rotation no division of either epithelial ar germinal eolls
observed. At this time genital primordium shows somen hat definite diffor-
enliation; anterior portion containing germinal eolls represents primordium of
testis; “‘neck™ region, composed nsnally of three ethelial cells, destined to
form seminal vesicle; posterior partion, aiso epithelinl in nature, is primordium
of male gonodact.,  Cenital primerdimn 210s o 3lis from posterior ong,  Ito-
versal of position of male genital primordinm in F. rulidus resemnbles similar
rotation of male genilal priteordium of developing tnrvae of Awguitinie aepli,
free living nemaiode, ng deterinined hy Pai (§%).° In /4. rulidus, gonital ginng
cell vp Lo third molt is sl anterior fo genital primovdinm (fig. 24, £,

Fourth-stege leren and adwll.——In 9to 11 days alter infection Iarve shows furiber
differentintion of various genital structures (fg. 24, M and &), and further cell
division, invelving hoth epithelial nnd germingl cells (. 22, ). Genital giant
eell far removed from anterfor portion of genital primordium and slightly more
anterior to latter (fig. 24, € than in third-stage larva, lntire génita! primordium
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during early part of this stage grows considerably in length, and by the thirteenth
day after infection its long and siender posterior portion boeomes united with
the rectimn; when the vas deferens shows definite conneetion with the rectum,

FIGURE 24.~PHASES IN THE DEVELOPMENT OF THE MALE GENITALIA AND POSITION
OF THE GENITAL GIANT CELL IM HYOSTRONGYLUS RUSIDUS.

Canitol primordiem of rsl-siope Jarvn: #4, OF i newly hatchod lnrvig &, of a bvrve v few hiones aiter hnteh-

ing: C. of o inrva severnd hotes nfter hatehing,
and £, Gepital primordlum of second-stage karva sl thae of seconsh mob.,

CGenltal primordium of third-stage lapva: 7, O u preparasitie lncvas &, of o inrvs recoverod! from a guines
pig 2 days after experimentsl infectlon; #, £, and J of larvae recovered from noguinen pig 1 deys mfler
experinents! infevtion; K, of a Jarva recovercd froin o milnes pig & duys aiter oxperitnentud infection; £, of a
larve recovered fram A golnes piy 6 duys after experhinentnl Infection {lurva nndergoing Lhind molt).

A and N, Differeniintion of testis and ponaduct of fonrth-stoge larvae @ ead 10 dovs, respectively, afior
experimentnl infection {genbtal giunl gell poab shownd.

6;. l’u};r!iiil-stune mile larve 11 days after experimentnl Infociion showing position of the four pinnl celis
nmii genkialis,

£y {lnnt cell and its prodiferntlons b body cavity of o yeuak Oflh-singo fettinde worn.

larva beging to disenrd fourth or last iarval cuticle {fig. 22, K); verious poriions
of genitelia, correspanding to those of adull (. 25, /), now easily differentiated.
Aduli, genital system (fig. 23, f2) shinilar to that of related strongyles, cousists
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of an anterior poriion, the testis, followed by {he seminal vesicle, a thin- and
transparent-watled tube containing three nueclet, followed in turn hy the gonoduct
which conneets with the reetum. Al conler axis of fosfis there appears to be g

FiGURE 25.~YOUNG ADULT WORMS (FIFTH STAGE}Of HYOSTRONGYLUS RUBIDUS.

-1 Anterior end of mate: B, antorlor portion of fetnady ¢, pasterlor porting of male showing <prenies angd
hurny £, antertor fiortion of testis, showing rachis: B, posterior portion of riate showing woninlia: £, il
of female, Interd view; G, posterior portion of femiis, shawhig panizalin.

siender nnd solid longitudingl core from which radiale the germinnd cells;  (his
core probably corresponds {u the ruehis tg. 23, D1, a strucinre whiel has Leen
mentioned by several writers as oceurring u . Lsearis fumbricoides, Slrengiloides
from sheep according fo Raovelli (fh, Fsendaiing inflerns aceording 1o List
{641, and eflior nemalodes.
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The fale of the ginnl vells in the adull Hyostrongyplus rubidus is discussed below,
FEMALES

First-stage lorea.—Genital primordivm of firsi-stage larva composed, as in
male, of 2 epithclial celis and 2 germinal cells {(Rg. 25, A); in position and ar-
rangement these cells similar to those of corresponding male first-stage larva.
In somewhat latc femele frst-stage larve, genital ginnt cell slightiy lateral to
genital primordium; in some early first-stage larvae, as already mentloned,
giant ecil slightly anterior {o genital primordiwm; in sueh eases sex of larve can-
not be aseertained.

Second-stage larre.—Cells of genital primordium similar in namber and posi-
tion to those in second-siage male larva; ginnt cell usualy lateral to genital
primmordium,.

Third-stage terve (prepurvastiie)—CGenitad primordium conposed of sbout 10
epithelal eclis enclosing 2 germinnl eells (fig, 20, B); in position, this developing
organ corresponds to that of third-slage lnvvn of muale, Leing located 320x o
338 from posterior end.  Cenital giant coll vsunlly lateral (g, 26, B, and
sometines slightly posterior 1o genital primordium (fig. 26, (7.

Third-stage larva (poarasities—1In 48 hours afler infeelion, epithelial and
germinal cells have beconie rearranged, so {hat germinal eells are one o cach
end of genital prisnordinm {ig. 26, Dy, which has migrated slighlly and is mmore
postoerior than in corresponding male larva; in fomade, genilal privnordium 3304
to 340 from pousterior end.  Genital giand cell usunlly Interal lo genital pri-
wordinm;  uvolike that of male, fomale penital primordivie does nob reverse
position but simply clongates anteriorly and posteriorly, earrying along at each
end one pgerminad eoll.  In 4 davs afier infeetion, slighl constrietion ab middle
portien of genita) primordium {fig. 26, fH; v & duys alter infection, genital
primordivm has migrated Tarther posteriorly than thal of corregponding male
larva, primorvdinn in female being 200a from posterior end. AL time of {third
molt genital primordimm 159 Mroni posterior end and on verge of atfachment to
ventral side of body wall (e 26, 1.0

Fourth-stage furve. and adudt- Genital primordiom in geoeral same as in
previons stage, except that there is o maitiplication of epithelinl and germinnl
cells g, 26, A); it slso becomes definitely aitaehed to body wall as & result of
profiferntion of cotls of oty wadt which connert with {hose of geniial primordinm
tfig. 26, Jr. Genital gisnd eell has been Tound during fourtl slage nenr end
of anterior ovaring primordion ifig. 26, L); 1 yonng adalt this cell not [ar from
primordium of antorior vierine duet (g, 25, ); soen beeomes remotle from ovary
Gecause lalier grows anleriorly and extends ax far forward as posterior portion
of espphagns,

The four giant cells in the adult speetmens of Ifyostrongylus riebidus
are nebregularly arranged but are placed more or less equidistans from
one another throughont the antertor ball of the worm.  Each of these
ginnt cells in the adult worn is somewhat elongated dorsoventrally
and sends ofl several braanches Mrom its periphery {fig. 24, P). In
shape these giant cells resemble colls figured by Nassonov (79)1n the
hody cavily of Strongylus paradorus (=Melastrongylus elongatus) and
referred 1o by him as the “phagoeytic organ.”  Other steliate or
branehing structures have been reported in the body cavity of
nematedes, notably by Bojanus, cited by Schneider ({05), Bastinn
(1), Shipley (1200, 1lamunn {44}, and Looss (65).

The close ussociation of one of these giant cells with fhe genital
primordivm indicates that it might have some relation to the genital
system,  Chitwood and Chitwood (/6), in studying the anatomy of
the adult Cephulobellus papilliger, have found in its body cavity two-
celled structures referred 1o by them ss “ x-bodies”, which are asso-
ciated with the gonads, They expressed the opimton that these
x-hodies might function as endocrine glands, Bince little s known
nhout such cells in the body cavity of nematodes, the writer is not
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certain whether the giant colls in Hyostrongylus rubidus represent
phagocytic cells or x-bodies, and whether or not these cells hive any
conncction with the genital systemn.

In connection with the study of sex differentintion in stained speci-
mens of J7. rubidus, the male third-stage larvae appeared to be more
numerous than the females. An actual count of 100 third-stage

5.9,

Frr e

FIGURE 26,—PHASES IN THE DEVELOPMENT OF FEMALE GEMITALIA AND POSITION
OF GENITAL GIANT CELLS OF HYOSTRONGYILUS RUBIDUS.

s, Genbin] primordiom of frst-stge larvy,

Cunitn! !:rimur(lium of third-stage larvn: 3, Gf 0 preparnsite laeva: €, of o praprsitie lnrvi (positlan
af one of Ls giant cells alse shown): B, of 1 livva recoversd from guinen g 2 duys after experlnienial
Inlection; £, &, @, and 14, of lrvae recovered fram gulnen g 4 days nfler experimenbial infection; [, of 4
larvn recoverwd from gnines e 5 days nfter experfimental Infeetian (nrvi on veryo of Lhird molt).

Fourth-stage larent o, Reginn of vulva showing proliferation af eells fron bl y wall into that of gonoduet
T tnys mfler experimentel Infection; #, roglon n} vulva showiog diiferentintion of ovary wnd gonmdet.
¥ dnyg after experimeninl infection; L, fenmle lirvn 9 days ufler experineninl {nfection, showing position
of the four glont cells aud genltulin,
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larvae taken at random showed that the number of males was
slightly more than twice that of females, males constituting 68 per-
cent and females, 32 percent. However, In a sount of 150 fourth-
stage larvae recovered from a guinea pig 10 days after an experi-
mental infeetion, 46.6 percent were males and 53.4 percent were
females,

OBSERVATIONS 0N EFFECTS OF ENVIRONMENT

ATTEMITS TO INDUCE SRIN PRENETRATION

This experiment was conducted in accordance with the technic
described by Goodey (85}, The skin of a 2-day-old rat was stretched,
hair upward, on & cork ring, florted in a beaker containing warm
physiological salt solution, and keptin an ineubator at » temperature
of 37° Cg A small drop of water containing about 150 larvae was
placed on the piece of skin and then allowed to evaporate in an
incubator. One hour after the drop conteining the larvae had
evaporated, a drop of water was placed on the rat skin and removed
to a stide by means of a pipette. Microscopic examination revealed
many enshenthed larvae. No larvae were found in the salt solution.
The rat skin was then fixed in 70-percent alcehol and superficial
layers were mechanically separated from the deeper layers. These
layers were then cleared in an alcchol-phenol mixture. Several
ensheathed larvae were found on the surface of the skin, but there
were no larvne in the subcutanecus layers.  These findings agree with
those of Goodey (37), who tested eight [7yostrongylus rubidus lurvae
by the cork-ring method previously described and noted that these
larvae fuiled to penetrate the skin.

In snother experiment about 200 infective larvae were placed on
small areas on the skin of two young guinea pigs, the hair having heen
clipped from these arens. The guinen pigs were kept under restruing
until the water evaporated. An hour later, » few drops of water
were placed on the skin area of one guinen pig where the larvae had
been placed, and after the water had remained on the skin for a short
time 1t was transferred to a glass slide for microscopic examination.
Practically all the larvae that were originally placed on the skin were
recovered. The skin of the other guinen pig was thoroughly washed
with water and the snimal was put in a clean cage. Ten days later
this animal was killed, and no larvae were yecovered from the skin,
lungs, or stomach,

These observations indicate that infection with these larvae doees
not take place through the intact skin. In their failure to penetrate
the skin these larvae resemble those of other trichostrongyles, such as
Flaemonchus contortus according to Veglin (/85) and Obeliseoides
cuniculi according to the writer (9). However, some trichostrongyles,
namely, Trichostrongylus calearatus according to Stoll (732) and
Nippostrongylus murts according to Yokognwa (137), have been
found to be skin penetrators.

RBACTION TO COLL

The ability of nematode larvae to withstand low temperatures is
variable. According to Cameron (/5), third-stage larvae of Afono-
dontus trigonocephalus do not revive after bom% [rozen for a few min-

)

utes. Rensom (92) noted that third-stage larvae of Haemonchus

1813°—3li—13
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contortus remained alive in sheep feces nfter an exposure outdoors to
temperatures ranging from 21.6° to —13.8° C. for 85 days. Schwartz
(108) reported that infective larvae of Bustomum phiebotomam
(=Monodontus phlebotomus) frozen solid for about 15 hours, beecame
active when thawed. Third-stage larvae of Stephanurus dentatus,
according to Schwartz and Price (118), can withstand a tempernture
of —19° for 6 hours, but are killed when exposed to this temperature
for 9 hours. Third-stage larvae of T richostrongylus spp., according
to Monnig (77), were still alive after an exposure to 0° for 14 days.
Ortlepp (87) noted that infective larvae of Triodontophorus tenuicollis
could withstand freezing in an iee chest overnight. De Blicck and
Bundet (7€) noted that infective larvac of Strongylus vulgaris, S.
edentaius, and Cylicostomum spp. in a culture of water and fecos
could withstand a temperature of 0° for 15 days. Raflensperger (90)
exposed horse manure containing infective strongyle Iarvae of various
species to Montann weather conditions for 20 months; some [arvac
did not succumb despite the fact that in the course of the experiment
the temperature ranged from —18.3° to —38° for o period of 26 days
in January und February 1920.

The efleets of various low temperatures on the infective larvae of
Lhjostrongylus rubidus are shown in table 24. Each record is based
on obhservations involving about 50 infective larvac. The lurvie
were placed in small glass tubes containing moist animal charconl, and
the tubes were placed in a refrigerator and removed from time to
time for examination.  The tubes remained at room temperature for
about 4 hours before each exnmination. In ease the larvae showed
no motility they were kept under observation for 4 more consecutive
days helore heing declared dend.

Tanue 20— ffferts uf low temperatures nn thirid-stage turvae of Hyostrongylus
rubiidus, ench cultiure Tnrofri ng abani 30 fnreae
T e q e T

Poriol Ik?;f:_' { Period
Cul- | of 5 B Conditon sf laevae niter | Cul- of
ture | refrie- I exposure 1o reflgera- & tnre | rafrig.
| | opra- tion 1 cri-

then b tian

I
Temn- |

I:hrr:; Conelition at larvne afier
exposire to refripery.

ol
refrig. | Hon

erataor |
i

ffovry I . Hours | 2¢
1. 5 i All netive. Hi A1 =20 Abour 20 percent nerive:
5
r

[J
refrig-
| erator |

ﬂfl.

Lt 3 t65 | Mufority aetlve; severn] | ; all others dend,
’ shawed  only  slicht I : b = | About 10 percont netive:
. O movemnent. i ' all others del,

TP = 5bet b Al dlsal, N v =200 A dend,
; ; t

In this experiment the flyostrongylus lurvae were resistant to u
temperature of from 3° Lo 5° C. for 144 hours, hut not to o tempers-
ture of from —35° to 1° for 720 hours., Temperatures during this
second period of exposure lasted as follows: 1°, 24 hours; Og, 408
hours; —1°, 24 hours; —2°, 216 hours; —4° about 42 hours. A
temperature of —20° for 9 hours destroyed the vitality of the larvae.

HRESISTANCE 'O DRYING
Infective lurvue of strongyles vary considerably in their ubility to

resist. desiccation. Lovss (67) reported that infective larvane of
Strongybus spp. and Cyficostomun spp. cwn resist desiceation in
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Petri dish for 14 days: Raffensperger (90) reported that 10 percent
of infoctive lavae of Strongylus spp. withstood desiccafion in an
incubator at 26° C. for 4 months. According to Ransom (92), infec-
tive larvae of Haemonchus contortus which had been dried in feces for
35 days, revived alter being moistened. Ortlepp (81) found that
infective larvae of Trivdontophorus tenwicollis rovived after they had
been dried in an incubator overnight at 26°. In contrast to these
observations, Looss (67) pointed out that larvae of Ancylustome
duodenale perish as soon as their surroundings become dry.  Goodey
(85) also found that lareae of Necalor americanus fail to ravive after
a few minutes of desiccation. The following experiments were con-
ducted to determine the resistance of Huyostrongylus larvae to desic-
catlon:

A small drvop of water coniaining » mumber of third-stage larvae
was placed on ench of several glass slides. At the moment the water
evaporaled, the time was noted, and the slide remained exposed at
room temperature for various periods, as shown in table 25. At the
expirntion of the various periods of time, a Jow drops of water were
added to the dried larvae and the preparations were examined at
intervals for about 24 hours. The results of these observations are
given i table 25. The tuble shows that Ifyostrongylus larvae are
;‘mtl\-ory resistand to drying, since a 240-minute exposure proved

atal.

Tanue 26— Hesnlts of 4 observations o Ghe resistance of third-slage larvae of fyo-
strongylus rubidys to air deging of room temperature (24° (')

—— e e —— e A e e = e JRVSTRU

IR T . Larvhe
nset! in " Liara- Coused b Dure-

experle  Hon 0 Coauclition of laevae nffer Lhe experi- 5 Hon 1 Cunditkon of larvhe niter the
menl - ofex- addition of water coment Coofex- neddditlon of witer
{oum-  posare it (o T posare

hLer) o herd :

Mine ] MR
ulex : Combex }
i Allactlve. . 1501 2 mnving slowly: athers deml,
15t 2 aclive; & dowd, [ [ T 240 | Al e

151, Y aelive; 4 dend

LONGEVI'Y G LARVAE IN WATEIRR AT ROOM TEMIERATCRE

On November 26, 1032, o munber of thirdstage larvae of ffyo-
strongylus rubidus were placed in o small glass receptacle containing
tap water to a depth of 2 mm and also containing severat large granuies
of washed animal charcoal. The giass receptacle was then covered
with 8 glass slide and was placcf in o large Syracuse dish which
contained moistened cotton. A cover was placed on the Syracusc
dish and sealed with petrolatum. The experiment was conducted at
room temperature (22° to 24° C.). Larvae in this_condition were
found to be somewhat active on February 10, 1933. 'When examined,
on March 15, the larvae were dead and somewhat disintograted.
Apparently third-stage larvac will survive in water, with some char-
coal added, for a period of 2} months but not for 34 months, at room
temperature. :
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STRONGYLIDAE
OESOPHAGOSTOMUM DENTATUM (HUDOLPH], 1801) MOLIN, 1851
(Fig. 27)

Synonyms.—Sirongylus dentalus Rudolphi, 1803; Sclerostoma dentatum {Rudol-
phi, 1803) Rudolphi, 1808; Oesaphagosiomum subulalium Molin, 1861; Strangylus
Solltenlerts (1) Ostertag, in O1f, 1808,

Hosts,—8wine and wild boar.

Location—Adults in large intestine,

Distribution.—Alrien (Zanzibar), Asin (China, Philippines, [ndis), Europe,
North America (British West Indivs, Puerto Rico, United States), South Ameriea,
and Oceania (Tonga Island},

DescripeTioN or EGG AND PREPARASITIC LARVAL STAGES
BGG

Eggshell thin, transparent, and usually clliptien] (fig. 27, A). Tn o scries of
measuremnents involving about 30 cges, length Glx to 83.54, width 38x to 53u.
Eggs in an early cleavage stage, containing from ahout 8 to 16 cells, when passed
in fcoes.

EMRRYO

Tmbryo, when ready to hateh, resembling first-stage larva.
FIRST-STAGE LARVA

Shape and size—In shape (fig. 27, C and F) first-stage lerva similar to cor-
responding stuge of Ifyostrongylus rubidus.  Larvae, soon after hatehing, 304x
to 311k long by 15e wide, and before first molt 425x to 433u long by 19z wide
table 26).
¢ CJulic!c?——~'[‘hin with very fine transverse striations.

Alimentary tract—In pgeneral, same as in first-stage larva of ffyosirongylus
rubidus. Bueccal cavity 11g to 15 long; esophagus thabditiform, 83x to 97
long; intestine slightly granular, with a sinous lumen.

Nervous sysiem.—Nerve ring appearing as o bana gncireling esophagus 76u to
854 from anterier cnd.

Exerciory sylem,—Eserefory pore inconspicuous in young larve of this stage,
about 90g from anterior cnedl.

Genital primordiion—3Small celliptical body, 155u 1o 225, from anterior end,

Tahle 26 shows the rate of development of first-stage larvae of
Oesophagostomum dentetum In moist charcoal-feces media at room
temperature (22° to 24° C.), the measurements having been made at
different periods after preparation of the culture.

TanLg H.—Frincipal measurements of 7 first-stage lareae of Oesophagostomum
dentatum al variovus periods of decelopment

" Perlodd of developmenl. and meastirentents af
L. -

Item

——— e e e e e e

Tertoil of dovelopment .. o ... . homrs.,
Length af body . ... S {11 f (ST -
Mrximinn widih of hot I o o
Lenpth of bucenl eovity J R 4]
Lengih af esopliagus.. . ... ........ . .. do
Iisiones of nervering frmnanterlorend ... .. . (o
Distance of exeretory pore frotn snterior el oty
Distance of genitud primordivnm fram anterlorend. Lo,
Tength oftaid. o e el

I Larv unclergodng fist rail,
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BECOND-5TAGE LARYA

Shape and size—In shape (fig. 27, D) similar to seeond-stage larva ol Hy-
ostrongylis 7 ubidus. Larvae 440x to 555u long by 21u to 32¢ wide {table 27).
Chiticle— With very finc transverse strintions.

& e j de

F

FIGURE 27.—VARIOUS STAGES IN THE DEVELOPMENT OF OESOPHAGOSTOMUM
; DENTATUM.
A, B

First-stinge larve: ¢, Wewly halched, lateral view; B, Toternd view of fully grown lurva.

B, Sepond-stagn larva, Inlernl view. .

Third-stuge Iarva: B, Anterlor end, showing fealuresaf bucenl envity Uron Goudey (1924) slightly maedi-
fiedd; £f, anterite end of larva, en face view; F, nliorintion of Lip af tail In shod culicle; €, poslerior pur-
tion of Liewa; J, laterad view of v,

Abimentary tracl.—1In goneral, as in sceond-stage larva of Elyostrongylus rubidus,
Buceal cavity 15z long; esophagus rhabditiform, 102x to 130x long; intestine
slightly granular and similar to that in first-stage larva.

Tervous yyslem.—N¢ -ve vitlg 85x to 85x from anterior end.
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Ezcrelory system.—Excreiory pore 95u to 121u from anterior end.

Genital primordium.—As in first-stage larva; 2254 to 330u from anterior end.

Table 27 shows the rate of development of second-stage larvae of
Oesophagostomum dentatum in moist charcosl-feces medis ni room
temperature (22° to 24° C.), the measurements having heen made at
different periods after preparation of the culture.

TabLe 27.—Principal measurements of 7 second-stage larvae of Oesophagostomum
dentalum at various periods of development

Perlod of development and mensurements of
larva nos—

4 | 5,6
Period of development_ . i
Tength of body i 024
¥. . 2 30
Lengih of buacesl eavity_ . . . L 15
Lenpth of esophapus . i21
Distance of nervoring from anterior end._. . B 05
Distnnee of sxeretory pore from anterior ond da E i1
I3istancs of ganite! prirmordium from anterlor end.._ da. - 30
Length of tai] da.... L 132

t Larva nndergoing second malt.
THIRD-3TAGE LARYA

Shape and size—In general, body similar in shape to that of previous stage
(fig. 27, I}, In en fnce view, head with 3 incongpicuous lips, 1 dorsal and 2 sub-
ventral; dorsal lip with 2 subdorsal papillae; each subventral lip with 1 subventrai
papilin and 1 lateral amphid: aninner cirgle of 2 minute papillae apparently present
on each of the lips (fig. 27, Ify. Tail of larva somewhat con ical, ending in s char-
acteristic, somewhat pointed tip (Rg. 27, G). Characteristic sheath surrounding
third-stage laiva, showing many evenly arranged folds throughout most of its
length (fig. 27, I}. Larva, excluding steath, 500u to 5324 long by 264 wide;
aceording to Goodey (36}, larva (including sheath) 6604 to 720u long by 30u wide.

Cuticle—With fine transverse sbriations.

Alimentury tract.—Oral opening lending into short narrow liumen connecting
posteriorly with modified portion of buceal eavity; cuticular lining surrounding
buceal cavity, as observed by Goodey {36); lining apparently drawn out into
thin strands of fibers, the fibers spreading cut and interlacing, forming a complex
network (fig. 27, B). Esophagus strongyliform, 144z to 152 long. Infestine
composed of 8 dorsal and 8 ventral cells, connecting posteriorly with a slender
rectal eanal.

Nervous sysiem—Tn general, corresponding to that of Hyestrengylus rubidus;
nerve ring $lgs to 5. from anterior end.

Excrefory system.—Exerctory pore 98g to 110z [rom anterior caed; pore connect-
ing with a canal loading backward and beeoming indistinguishable in passing
between cells of nervous system.

Genital primordivm.—Location as in provious stages; 273u to 318x Mrom anterior
end.

Tuble 28 shiows the teasuretnents of third-stnge larvac of Gevephagostomun
dentalim.

Tannr 28.—Principal measurements of & third-stage larvae of Oesophugosionm
dentaliom !

Perigd of developient nnd mensurements of

Tt BTYVR N0.—
arne

Pariod of dovelaptent

fengih of body. ...

sextmum width o

Length of esophngus.____ .

Distanee of nerva ting fro 1l o.dn

Istoncs of exerstory pore fram anterior and . go. .

Distanco of genitp! primordism from anterfor end
mierons.

T.ength nf tail..._ R R S

! Measurements do not Inchide sheath,
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DIFFEKEN.CES IN FIRST THREE STAGES

The outstanding differential features of the first three larval stages
of Qesophagostomum dentatum are s follows:

First-stage larva—Buccal cavity long, with paratlel rod-shaped walls, opening
directly to the outside; esophagus rhabditiform; tail long and pointed; larvee
3044 to 4334 long by 18x to 19 wide.

Second-stage larva.—Buceal cavity, esophagus, and tail as in frst-slage lasve;
larvae 4404 to 655u long by 21z fo 32u wide.

Third-stage larsa.—~Buccal cavity short, with cuticular walls drawn out intc
thin strands of fibers spreading out and interiaeing into a complex nebwork;
buces! cavity opening to outside by narrow lumen; esophagus strongyliiform;
tail short, conical, ferminating in & rounded tip. TLarvac 500 ta 532a long by
264 wide, and surrounded by sheath of second molt, sheath POSEesSing numerous
evenly arranged folds throughout most of its length.

DEVELOFMENT OF PrREPARASITIC LARVAL STacEs

Little information is available in the literature as to the time re-
quired for the development of the various preparasitic stages of
Oesophagostomum dentatum. Coodey (86) noted that from 18 to
20 hours after being passed with the feces of pigs, eggs of this parasite
contained an embryo which was apparently approaching the tad-
pole stage. .

The writer has cultured eggs of 0. dentalum 1n & moist charcoal-
feces medium as described for Hyostrongylus rubidus.  The results
obtained abroom temperature (22° to 24° C.) are shown in the follow-
ing tabulation. It is noted that the movements of third-stage lurvac
are somewhat slow in contrast to those of f1. rubidus.

flours after inculntion Pegres of decelaginent
1-cell to about 16-cell stage.
Majority of eggs containing fully developed ctnbryns.
Eges hatehing,
Majority of larvae in firsé slape.
First lethargus in progress.
_ Few larvae in sccond stage.
~ - ._ .. Majority of Jarvae in sccond stage.
Second lethargus in progress.
Few larvae in second molt (= third stage).

OnRSERVATIONSE oX WrreeTs OF IINVIRONMENT

ATTEMPTS TO INDUCE SKIN PENETHATION

The writer has confirmed the findings of Goodey (36) that third-
stage larvae of Qesophagostomum dentatum fail to penetrate the skin
of young rats when the skin is stretched on a cork ring and floated
on  warm phystelogic saline solution.

HEACTION TO COLD

There is no information in the available literature with reference
to the reaction of third-stuge larvae to cold. The writer made such
a study, and the results of the observations are given in table 29.
Each record is based on observations involving about 300 third-stage
larvae. ‘These larvae were placed in small glass tubes containing
moist animal charcoal; larvae were removed from the culture from
time to time for examination. Before the larvae were examined
miecroscopically, the tubes were kepb at room temperature for 6 hours,
and the larvae were examined on the same day and for the next 4
consecutive days. The data in table 29 show that some third-stage
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larvae of 0. dentatum were somewhat resistant to low temperature.
Some of the larvae still showed signs of life when exposed to —19° to
—29° C. for 10 days, but their vitality was destroyed when kept a%
termperatures of —15° to —29° for 31 davs.

TanLe 20.—Effects of low lemperalures on the infective lurvae of Oesophagostomum
denlatum, each culture involeing abont 300 larvae

Cultare m Period tlz.f refripern- !'I‘cmpemture i

ion :of rofcigeratort Condition of Iarvne after exposure Lo refriperation

All setive.

Majority seive; few slighily netlve,

15 moved slowly, others respanded to hent only.

Abouat 10 1;;0\'e<§ siowly and chowt 50 percent re
sponded (o heaty olhers dead,

Ahout 10 moved slowly, und aboul 25 porcent re-
sponded Lo hent; others dowd.

About 8 rosponded to heaty others degd.

2 responded to beat; others dend.

Aldldead.

! ~I7to =2,

| —17to—20.,
<o —lste —2..

REACTION TG DESICCATION

Goodey (36) reports that third-stage larvae of 0. dentatum, when
dried in glass capsules for 1 or 2 days, revived on the addition of
water. The writer, however, could not confirm Goodey’s observa-
tion. Larvae in a small drop of water were placed on each of several
glass slides, and the water was allowed o evaporate. At the moment
the water eveporated the time was noted, and the glass slide then
remained exposed at room temperature for various periods, as shown
in table 30. At the expiration of the desired lupse of time, g few
drops of water were added to the dried larvae, and the preparation was
examined microscopically at various intervals during about 24 hours.
The results of the observations are given in the table whiclt shows tha
some larvae died after being desiceated for 30 minutes, bubt that one
Jarva showed signs of life even after 20 hours of drying. All the
larvae were dead after 22 hours of drying.

TanLe 30.—Resulls of observalions on he resistance of third-staye luveae of Oesaph-
agostomun dentatun to air drying al room femperature (22° to 24° ')

Log-

vae
5|
(nnrm-
bory

-t Lame-
. L il
Camdition of larvpe nfter i n\sgfi
Lhre mebilition of waler [ fim-
b

ber)

Puration of
exposere

Coudition of larvee pller
the sddition of water

PDuration of
expnstre

flours " Minutes)

.. 16 1 Al Betive.

[ i 2elend; ull others wotive,

Yoo L] 8 desd; ol elhers moverd

or respondel to hent.

I pétive; 3 responded Lo
heats nli others Jed.

. Smoverd slowlv;nil ethers

dasnd.

"y

J Haurs | Minutes
i 15

¥ moved nnterier ead in
responst to heat; all
others dead,

. Do,
| Al dend,
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LONGEVITY OF LARVAE IN WATER AT ROOM TEMPERATURE

On November 26, 1932, third-stage larvae of QOesophagostomum
dentatum were ]iﬁa.ced in o small glass receptacle containing water and
animal charconl, as described for Hyostrongylus rubidus, kept at room

temperature (22° to 24° C.), and examined at least once every month.
The last examination was made on September 15, 1933, at which time
thie larvae were still active and appeared normal.

STEFPHANURUS DENTATUS DIESING, 1519
(Fig. 28)

Symonyms.—Sclerostom dentatum (Diesing, 1839} Leidy, 1856, ot Rudolphi,
1803; 8. pinguicola Verrill, 1870; Strongylus denfalus {Diesing, 1839) Dean, 1874,
not Rudolphi, 1803; Stephanurus natlereri Cobbold, 1879; Strengplus pinguiceln
(Verrill, 1870) Malgaihfcs, 1894; Sclerostomnm rentum Dirabbhle, 1922; Stephmnarus
meorai Almeida, 1928,

Hosts—Swing, eattle, and, experimentally, guinea pig.

Localion—Adults in kidney fat, kidneys, arelers, urinary hladder, Tungs,
pleurnl cavity, lumbar miscles, splgen, and spinal eapal.

Distribuiton.—Afriea {Belgian Congo, Dahomey, French Congol, Asia (Inde-
China, Java, Philippines, Snmatra), Anstralia, Etrope {(Spain), Central America
( Nicaragea, Panama), North Americn {British West Indies, Cuba, Mexiceo,
{nited States), South Ameriea {Argenting, Brazil, Uringuay), und Oceania {Cook
Islands, Cuamnm).

DeseripTion or Boc aso Preranasitic Lanvain BPaces
BHG

Egg with thin, transparent, oval ghell poles usualiy unequal, oue nsually more
conves Lhan other {fg. 28, A); abnormalities in shape of shelt cceasionally present,
one or hoth extremitios being somewhat flat instead of vounded,  In & series of
measurements involving 50 cegs, lengih g lo 11de, width S3a to G5u; seg-
menting cges 208y long by T2 wide have been found, but such extreme sidg
possibly represents su abnormality; according to Bernard and Bauche (£7)
cggrs 100g to 120« long by 55u wide, according to Ross and Kaueal (101) most
bypical cggs 104p fo 136 long by 56p to Gdp wide. When deposited in urine
of host, ogg advanced in cleavage and composud of from 32 to G4 ceils,

EMBRYO
IEmibryo, just hefore hatehing, resembling first-stage furvi,
FIRST-STAUE LANYVA

Shape and size—~—In shape (g, 28, 1) first-stage larva similnr to corresponding
stage of Hyostrongylus rudidus; anterior end somewhnt rounded in lateral view;
tend papillae not very distinet.  Three hours after hatehing, larvae 410s to
421 long by 24p wide, atfaining o lengéh of ahoub 530x and a width of 26x
hefore maolting {tabie 31).

Cutivie.~—Thin and apparently without transverse strintions.

Atfmentary tract—In general, as in Grst-stage Jarva of Hyostrongylus vidbidus.
Buceal eavify 11p to 15s long; csophagns thabditiform, O3 to 3idp Jong.  In-
festine more grenular than that of any other first-stage larva of a swine newma-
tode; walls of intestinai cells ineonspicuons; lumen of intestine sinous in outline.

Nervaus sysiem—Nerve ting appesring as o band enelreling csophagns, 66z
to 9ig from anterior end,

Ferctory system.—xeretory pore inconspicuous hi young rvie of this siage,
83u to 98u from aaterior end.

Genital primovdiion—Represented by o gmall clliptical body ventral ki po-
sition, 215p to 273g from anterior end,
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Table 31 shows the rate of development of first-stage larvae of
Stephanurus dentatus in moist charcoal-feces media ab room tempera-
ture (22° to 24° (0.}, the measurements having been made at different
periods after the preparation of the culture,

FIGURE 28. —VARIOUS ETAGES IN THE DEVELOPMENT OF STEPHANURUS DENTATUS.
#1, B
£ First-stage laeva, lateral view.
I, Second-stage inevo, Intaraf view.
Third-stnge Inrvie: 83, A pterine e, en ee view; O nntorior enid, shawlty shape of cead cavity; B2,
snlerior poriion, Interal view; @, pesterior portion, lateral vigw; §4, latert) view of larvn,
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TanLe 3. —Principal measurements of 5 first-stage laveae af Stephanurus dentatus
atl varinus periols of developmont

l Terindl of developiment and measurements
: allneva no,—

Period of development. ... __..... ....c.o.o ..., hours,
Lenglh of body . .. .mlcrons, . 410
Maximuwin widlk of hody A A I
Length of buecul eavity .

Length of csophagus_.. . ... .. . T,
Dislance of nerve ring from woleriorend . . . ... .. .
Distunce of exeretory pore from anterforend .o_....... .d : i
Distance of genited primordiam from anterior enil B .. ; %
Lengllrof thll. _ o o e ot ! [ e

i Larva undergoing first maoll.
SECOND-5TAGE LAIRVA

Shape and size—In shape (fig. 28, F} similar to second-stage larva of Fyn-
strangilus rubidus.  Papillac of anterior end not very distinel. Larvace 530,
lo 580« long by 26k 1o 2By wide (table 32); aecording to Ross and Kauzal (161),
540p long by 274 to 32 wide.

Cuticle.—Transverse striations not visible at this stage,

Alimentary (raci.—In general as in socond-stage larvac of Hyostrongyius
rubidus.  Buceal cavity 15g¢ long; csophagus thabditiform, 110k ta 1364 long:
intestine somewhat granular.

Nervous system. —Nerve ring 83u 1o 9lp from anterior end.

!I:Txcretnry system,—Exeretory pore inconspictious, 9lg to 102z from solerior
end,

Genital primordfum.—As in first-slage lurva; 2504 to 304z from anterior end,

Table 32 shows the rate of development of second-stage lurvace of
Stephanwrus denfatus in moist charcoal-feces media at room tem-
perature (22° to 24° ('}, the measurements having heen made at
diflerent periods alter preparation of the culture.

Tapue 32.—Principal mensurements of 7 second-stage larvuae of Stephaniuris
dentatus ol verions periods of development

Voried of davelopent gl rmgrenents
ol larya no. -
1len

Period of development, -, . o - Iwnurs.
Taength of body . . .. Nicrens
Maximum widibhefbody .. . . ... in
length of hucealensv iy, . dn
Tenelh of esopshepus . - in
[Yistnneo of nerve ring from anterforendl. ... . . do
Tistance of excrelney pare from anterior end . in
I¥istmey of genital primordin Trom anterior end. . o
Length of tafl, . . dle

! Larya nndergofng secomd malt.

THIRID-3TAGE LAHRVA

Shape and size—In general, body similar in shepe to that of previaus stage,
but more slender (fig. 28, fN. In en face view, head with 3 inconspicuous lips,
L dersal and 2 subventral; dorsal lip with 2 subdorsal papiliae; each subventral
lip with I subveniral papitla and 1 lateral amphid; an inner eirele of 2 minute
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papiliae apparently present on each of the lips (fig. 28, BY. Number of lips as
noted by the writer is at variunce with that reperted by Hoss and Kauzal (101)
who found 4 inconspieitous lips, 2 dorsal and 2 subventral. Tail of larva some-
what conical, ending in n characteristie rounded tip {(fg. 28, ). Owing to
reduced length of tail, larvac 5184 to 6104 long by 24x to 26u wide; according to
Ross and Kunzal ({01), 607a long by 28¢ wide.

Cuticle~—With fine s¥ransverse striations,

Alimenlary tracl.—Oral opening leading into short narrow lumen connecting
posteriorly with characteristio spindle-shaped bueeal cavity (fg. 28, C): in
optical section cuticulur lining of cavity apparently sending out a pair of short,
laterally directed fibers at anterior portion of cavity. Iisophagus strongvliform,
its base characteristically hroader ihan {hat of corresponding stage of other
lervae of swine strongyles.  Intestine less granular than in previous larval stages
and with 16 dorsal and 16 veutral cells; intestine connecting posteriorly with a
slender rectal canal.

Nervous syslem.—In general, eorresponcing to (hat of Fyostrongylus rubidus;
nerve ting 85x to 92p from anterier end.

Ezxcretory systemt.—Lixcretory pore e to 105z fron anterior end; pore cou-
necting with a canal exstending backward and becoming iudistinguishable in
passing between eelis of nervous system.

] Genit{:l primordivm.~—Location as in previous stuges; 28Su to 342u from ante-
TIQT 2B,

‘Table 33 gives the measurements of third-stage larvae of Stephany-
rus dentatus.

Tanue 330 —Principel measurements of 5 third-siege larvae of Stephanurus
dentaius |

ol larva no,—

Item e e e e s
o s R
!
Poriod of development. ... . ... . ... .. . tlays T ¥ 7. i 7
Lengthof body . [, mleruns &18 Ak 540 '“71 a1
Mavitgm widith of body . L (15 a3 a4 uy 2y %
Length of psophagos. . ila 153 Ty 2 134 14
Distniiee of merve ring from anterine ened . . il L) AT a5 85 1l
Distance of pxerelory pore Irom anterfor end o ily g - 2 gl § al . [l
Disinnee of geaita] primordiom from anderior end it H3% ) HN 4 k¥t
Leneth of inif. . . o 44 e 30| Eh AT
1 Mepsurements o npt inelide sheath.
PMFFERENCES 1IN FINST THIREE STAGES

The outsianding differential features of the first three larval stages
of Stephanurus dentatus nre as follows:

Piest-slage facve~~TBueenl euvity long with parallel vod-shaped walls, apening
direelly 1o exterior; esophagus rhabiitiforin; infesting very dark and granular;
tail long and pointed; larvae aboul 410g 10 530p Tung by 244 (o 26 widn.

Seeonid-stage farva.— HBaeenl eavily, esophagus, infesline, and tail as in first
stage; larvac abont 530z to A80u loug by 26p to 28 wide,

Third-singe barve— Buceal eavity short, spindle-shapud, opening auteriorly hy
a narrow lumoen; esophapgus strongyliform; inlestine less dark and granular than
in previons slages; (ail short, coniend, terminafing in o rounded tip; larvae 318,
1o §10x long Ly 244 1o 26u wide,

DeveLormeNT 0 PREPARASIIC LARVAL STAGES

Considernble information is nlready nvailable concerning the devel-
opment ol the preparsitie singes of Stephanurus dentatus.  Bernard
and Bauche (17) noted that eggy enltured in animal cbarcoul and
arine hatehed in 24 hours and that the third stage was reached 3
days later, Schwartz and Price ({713) reported that at a tempera-
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ture of about 26° 1o 27° C., Stephanurus eggs batched in 24 to 48
hours, and third-stage larvae were present in § to 6 days after the
culture was prepared. They found that low temperatures returded
the development of the eggs and the larvae; thus, at a temperature
of about 10°, the eggs not only failed fo develop, but their vitality
was destroyed in 10 days. Ross and Kauzal (101) noted that when
eggs were cultured at 25° to 27.5° in a medium containing water with
o few drops of filtered decoction of pig feces, the larvae hatched in 24
to 36 hours: the first molt oceurred 16 to 30 howrs after hatching
and the second molt 36 to 48 hours alter the commencement of the
second stage; the third stage was usually reached 95 to 120 hours
after culturing of the eggs, but in exceptional cases, at 30° the third
stage was reacbed in 85 hours.

The writer cultured eggs of S. denfatus in & moist charcoal-feces
medivin, as described for Hyostrongylus rubidus. The results at
room. temperatures (22° to 24° C.) are given in the lollowing tabu-
intion. It was noted that the movement of third-stage larvae in
moist charcoal medium wus more active than that of the sluggish
third-stage Oesophagostomum larvae, hut slightly less active than
that ol third-stage larvee of Hyostrongylus rubidus.

Honry affer inerhndion Legree of decelopunent
0_... . . 1-cell to advanced morula stage.
Z3-.. . . g hatehing.
400, . . . Majority of Jarvae in firsl stage.
43 . Lo . _ PFirst lethargus in progress.
64. ... Few larvae in second stage.
88_. . ... . .. Majority of larvae in sceond stage.
93_.... . second lethargus in progress.
12 . Few lapvae in seeond molt (=third stage).

DnsenvamoxNs ox Erveers oF ESviRosMENT
ATTEMPTS TO INDUCE SKInh PENETRATION

Information coneerning the ability of third-stage larvae of Stephanu-
rus to penetrate the skin of the final host has aroused considerable
discussion among some parssitologists. Bernard and Baache (/1)
stated that they infected pigs experimentally with Stephanurus den-
tatus as @ result of skin penetration by third-stage larvae.  Schwartz
and Price (112,118,114 on the other hand, in nn extensive investiga-
tion regarding skin penctration, voncluded that when Stephanuius
Iarvae ave placed on the intact skin of pigs they are incapable of
penetrating it; these writers showed, however, that if the skin of the
pig were scurified, the larvae would penetrate and develop in their
nsual loestion. Ross and Kauzal (/01), however, stated that they
produced an experimental infection of kidney worms in pigs by
placing larvae in feces and mud on the intact skin of live pigs or
guinen pigs. Lately,Spindler (/25) cleared up the difTerence of opinion
with reference to skin penetration of Stephanurus larvae.  He con-
firmed the findings of Schwartz and Price to the eflect that third-
stage larvae in water when placed on the intact skin of pigs are unable
{6 infect these animals, and confirmed the findings of Ross and Kauzal
to the efficet that infection occurs readily when charcoal and feces
or soil and feces cultures containing third-stage larvne are spread on
the intact skin of pigs. Spindler expressed the opinion that teaction
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[)Irpbably plays a purt in aiding the larvae to penetrate the intact
sldn.

In two cases the writer, using Goodey’s (85) cork-ring skin-pene-
tration method, failed in attempts to bring about the penetration of
Stephanurus larvae through the skin of 2-day-old rats, results which
are in harmony with the findings of Schwartz and Price (713) and
Ross and Kauzal (167},

HEACTION O ("GLD

Infective Stephanurus larvae are not very resistant to low tempers-
ture.  Sehwartz and Price {113) showed that at a temperature of
—19° . the vitality of the larvae was destroyed in 9 hours, but that
6 hours’ exposure to this temperature was not fatal. Txperiments
condueted by the writer on the resistance of larvae to & temperature
of —19° confirmed the finding of Schwartz and Price (118).

RESISTANCE TO DLDESICCATION

Infective Inrvac of Stephanurus dentafus are not very resistant to
desiceation.  Schwartz and Price (£78) noted that when larvac were
air-dried 26 room temperature on a slide, their vitality was destroyed
in about 30 minutes, but shorter periods of exposure did not prove
fatal to all larvae. Ross and Kauzal (/07) ascertained that some
larvae exposed in bright sunshine (43.3° C.) resisted 5 to 10 minutes
of desiceation, but sll were found dead in 15 minutes. Practically
the same resulis were obtained by De Jesus* who found that Stepfi-
anurus larvae in dust exposed to bright sunlight for 5 or 10 minutes
remained alive, whereas an exposure of 15 or more minutes proved
fatal.

The writer has dried larvae on glass slides at room temperature
and has noted that only a few larvae survived an exposure of 30
minutes.  Drying for 20 minutes proved fatal to some larvae, but all
of them succumbed to an exposure of 1 hour or longer (table 34).
These findings are in agreement with those of Ross and Kruzal (/01)
who found that a few larvae survived an exposure of 30 minutes,
but that an exposure of 1 hour was fatal.

Tanue 34— ~Results of observativns an the resistunce of third-stage lurvae of Stephan-
wrus denlolus lo air drying of rovm temperatire {24° ()

Larviae nsed  Leagthiol Condidon of lnrene nfter Latrvae used Longthof Condition of larvae fter
{mnmbwer: CXPOSHTE uddeditlon of water {oumher) 'ex;lnu;uru; wddition af water

Minsis Mineten .
& Allactive, < .. B netiver 26 e,
10 Lo, - . AR dens),
i Do, o 4 - .
2!)} 12 netive; 13 desd. ;
1
r

LONGEVITY GF INFEUTIVE LARVAE

According to Ross and Kauzal {01}, the longevity of infective
larvae varies considerably in the different medin used. In soil and
feces media they recovered most of the larvae alive up to the one
hundred and eighth day. Beyond this period the number of live

18508, L. DE. THE RESISTANCE OF THE EGGH AND LARVAE OF SWINK KIDNEY WO, HTEMIANUKRDY

DENTATUS BIESING, WiTIl SPECIAL REFERENCE TO THE CONTROL OF STEPRANUNIASH. 'Wilppine Isiends
Bur. Anlm. Indos, Gz, 302): 08-108, 083, [Minwogmmphed.]
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larvae which they recovered diminished i)l'ogrossi_ve}y; on the one
hundred and fifty-fourth day only & few larvae were aulive. These
authors also noted that in liquid medium few larvae survived more
than 50 days, and in agar all larvae degenerated in 28 days. De Jesus
reported that when third-stage larvae were placed in a layer of dust
about 3 mm deep, about half of them died after 47 days, and by the
fifty-fifth day all the larvac were disintegrated.

The writer has kept infective larvae of Stephanurus in a moist
charcoal-and-feces mixlure lovr 40 days ai voom lemperature, and
after that period several aclive larvae were recovered with the aid
of the Brermann npparatus.

STRONGYLOIDIDAE
STRONGYLOIDES RANSOMI SCHWAR'FZ AND ALICATA, 1930
{Flgs. 20
Hogt —Swine, .
Location—Adults in small infestine.
Distribution —North Amerien (United Statesy,
Lauvas Sraces axy DeEvEnorsesT

Bggs of Strongyloides ransomi derived {rom parasitic female worms
give 1ise to embryoes which alter hatching pursue one of two ¢yeles ol
development, direet or indireet.  In the direct eyele, the larvae grow
and after two molts, aceording to Lucker (68), translorm into third-
stage (strongyliferm) larvae eapable of infecting the host. In the
indirect eyele the larvae grow and afler four molts, according to
Lucker, develop inte adult free-living mules and females; the females
give rise to embryonated eges which hateh, the lerval worms molting
twice and developing te third-stage strongyliform larvae capable of
infecting a suitable host,

The number of mults observed by Lucker in Strongylotdes ransomi
is at variance with the number reported for ather species of Strengy-
loidex. Vaurious writers, namely, Grassi and Parong (39), Perroneito
(88), Louckart (613, Grassi and Segré (40), Golgi and Mont1 (33),
Zinn (143), Leichienstern (37), Gonder (34), and Kreis {(35), mention
only one molt in the direct eyele of development of Strongyleides
stercoralis and other apecies of Strongyloides.

Brvay {cited by Schuurmans Stekhoven (J077) and Qudendal (84)
state that young lirst-stage lnrvae of S stercorelis molt in the intestine
of the host before passing out with the feces. Unflortunately there is
ne chue as to whether Inrvae seen molting in the intestine are of the
direet or indireet eyele of development; however, such 8 molt may
explain why many investigators have nofed only one molt in Tarvace
which followed the direet eycle of development, the explanation heing
that one molt had already occurred during the passage of the larvae
through the intestine to the outside world.

According to Looss (67), larvae of S. stercoralis pursuing the indireet
cyele molted only once before reaching sexual maturity, On the other
hand, Lucker reports four inolts in the corresponding cycle of 8.
ransemi. The progeny of the [reediving lorms of 8. stercoralis and
§. ransomi, according to Looss {66, 67) and Lucker, respectively,
molt twice before resching the strongyliform stage (=third stage}.
The writer #lso has noted two molts in the course of development of
eggs (rom free-living females to strongyliform larvae.

+ See fostnote on p. 78,
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0, AND Lanrvar Svages Uspepcoixe DIrEer
DeveLorsany

EACRIFTION OF Lgg, EnmBRY
Bescrirtion oF Ecc, Eusr

EGG (FROM PARASITIC FEMALE)

Eggshell thin, transparent, and usualiy oHiptieal {fig. 29, A). In 2 series of
measurements of 30 eggs, length 53¢ to 57, width 30z to 34u; uwsually in late
tadpole stage when passed with feees of host.

FIGURE 29.—VARIOUS STAGES IM THE DEVELOPMENT OF STRONGYLOIDES
RANSOM).

21, Epe, as recovered from freshly deposited feres,

First-stape Inrver 2 Anterlor poritan; § sewly hntehed leees: S, lares af dipeet eyele of dovelapment;
A, anterinr ond of Iarva of indireel eyele () of developtment andergaing frst moltr £, posterior emd of lnrvs
of Juddireet evele (2 of development underzolog frst molt,

Seegnd-siape forvn (direst oyele): Camd F, Anterior ond of larvne \ndergolni second moll: A posterior
unid of Wnrvr untiergolop sorond moit,

Thirit-stage {(stromevhforsn} Inrvit €2, Aniterior end, lalernl viese; 71, naterloe enid, en free views I showing
;!rmesscs at tlp of i, dernd view: A7, showine processes ud 13y of 19, ventrel view; &, lalorcl view of
arvn,

EMINRYD

Just bhefore oviposition, embryo fairly well developed, resembiing first-stage
larva: just before hatehing crubryos 228 to 2354 long by 152 wide; morphaotogy
of fully developed embryo a5 in first-stnge larva.
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FEHST-STAGE LARVA

Shape and stze~Body eylindrical for most of jts length, tapering slightly
anterioriy and more so posteriorly {8, 24, 1 and J); anterior ond with § minute
clavationy possibly representing 2 subdorsal and 2 subvoentral papillae and 2
tateral mruphids.  About 2 hours after hatehing, larvae 228 1o 265y long and
{34 to 18 in maximim width; posterior portion terminating iz a long, stender,
pointed ail, 41 to 57p Jong.  According to Tucker, larvae, as & rule, still in firsh
stage when about 3254 long,

Chuticle —Very thin, transparent, and without transverse striations; apparently
sot off from body at anterior end by a small constrietion (fig. 29, D).

Alimentory tract— Mouth aperture leading into o eyiindrical bHueeal cavity;
tis walls, in oplical section, sppearing us two sharp refringent rods (fig. 29, D);
a sherb tid Abrous siruckure {ig. 29, D) interpolated posterior te buceal cavity
and anterior to esophagus.  sophagus rhabditiform and very muscular, H4p to
95u long in rvae about 3 hours after hetebing,  Intestine somewhat granuisar,
its individunl eolis not easity differenlisted; lumen of intestine in lateral view
usually straight (fig. 29, J), differing in this respect from gorresponding larvae of
strongyles, whieh usually have nlumen with a sinuous outiine; intestine connected
posteriuely with n short rectumin,

Neevous system.— Nopve ring cocireling narrow portion of vsophagus; 4lg to
B0 from anterior end in arvae shout 3 hours sfter hatelibug,

2rerelory system —Excretory pore 6dp to 68z from anterior end and leading
into a short, narcow duek.

Cenitel primordinm—Represented by a stadl eHiptieal body ventral in posi-
tion, near cguelor of body; 117 to 140p from anterior end In larvac aboud 3
hours after hatehing, Aceording to Luckee, genital primordium 104 to 15
lonig il {hine of first moil.

HECOND-STAGE LARVA

Genernl morphology of second-stage larvae presumably ghnilar Lo that of
first-slage larvae,  Lucker states that size attained by these Jurvae is vuriable,
depemnding to some extent upon epviromnentn! eondition duving the neriod of
feeding and growth; ordinarily maximun lenglh iy nbout 4530 to 550 during
prace s of second molt,  Genitad primordium 104 to 174 fong,

PRIBB-SPAGE LARVA (STRONGYLIPGUM)

Shrepe and size—3ody very slender, tapering stightly anleriorly and more so
nosteriorly (. 20, A7); head end appearing very light in color, the color setiing
it off fretn the more granulae posterior portion of the body (fig, ), ). The
extremely small size of the larvs has led several investigators to specninte on the
structure of the head. Perrencito (87) and L .uurmans Stelkthoven (107)
were of the opinion thab the strongyliforme Inrva possesses 3 lips. Kreis {53)
states that the strongyliforn lurva of 8. simiae possesses 4 indistinetly developed
lips. According o the observatious of ihe wriler, the en face view of thoe head
of §. ransomi shows 2 Inlerad slightly 1aised clevations, surromnded by 2 subdorsal
and Zsubventral papiliae and 2 lateral amphids (g, 29, /7). Tail shorter Lthan
in previous slape, 68x (o 78e long, aud lerminating itn the charseieristic 3 small
processes, 2 doesil and L ventral (fy, 29, £ and A); the latler observation is in
opposition to that of previcus reports in which the tip of the tail of third-stage
Strongpletdes larvac is deseribed as nolehed, with only 2 processes

ize of third-stage Inrvac is apparently dependent on the nufritive propertics
of the medinm in which they grow,  Schwarkz and Alleata (110) reported that
when these lurvae were grown in a leees cudlure, they were 5y to 635z long by
154 to 194 wide; in a culture containing a sinall quantity of wuter and very little
feonl devoction, the writer found that they were 403, to 420 tong by 13x wide,

Cuticle—Thin, transparent, with very fine transverse steintions.

Altmentary truct —Oral opening clongated dorsoventraily {fig. 23, ), opening
info n narrow hanen connecting posteriorly with & small and distinet bucend
cavity (fig. 29, ¢). Esophagus slender and strongyliform, 250x {o 258u long,
cecupying aboub one-half the gutire length of body; inconspicnous sphineter at
union of esophagus and intestine.  Intestinal eolls slightly granular, ceil wally
inconspicuons; intestine connerting posteriorly with u short revtusn.

Noervous syslem—~—Nerve ring very inconspienous, enciveling esophagus ad
mnion of apferior and middle thirds, 87z to 90 from anterior end.

Freretory systene—Excrotory pore very inconspieuous, 1026 o 114 from
antlerior end,

113 Pl —e 6
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Genital primordinm.—Somewhat ellipticnl in shape, about 174 long, and 3104
to 330u from anterior end.

DescmirrioNn of Larvan Staces UxpshcomNoe INDIRECT DEVELOPMENT
FIRST-STAGE LARVA

First-stage larve presumably rhabditiform like corresponding larva of direct
eycle.  According to Lucker, larvie distinguishable from first-stage larvae of
direct cycle by possession of alarge genital primordium, 154 to 26« long in Inrvae
230x to 350x long, Cuntrast in size of gonitsl primordinm in first-stage lurvie
of the two cycles of development previousiy noted by Schuurmans Stekhoven
(IOFY in Inrvac of Strongyloides stercoralls.

SECOND-5TAGE LARVA

Becond-stage Inrvn presmpably rhabditiforn and shinflar in shape to first-
stuge larve.  According to Lucker, larvae, tentatively determined by him as
second-stage larvae, 300u 1o 450z long by 20 to 25 wide.  Genital primordium
25 to TOp tong; tail G0x o TSe long.

THIRD-BRTAGE LANRYA

Third-stage larva pressmably rhabditiform and similar in shape to those of
previous stages.  According to Lucker, larvae, tentatively determined hy him
as third-stage larvae, 4204 to 550u long by 25u to 3le wide,” Genital primordium
60x to 160 ton; tail 704 to 80 long.

FOVITIH-STAGE LARVA

Fourth-stage larva presumably vhabdilifonn and similur in shape {o previous
stages; according to Lucker, sex can be differentinted at $his stage.  Males shout
750u fo::g, possessing & completely formed spicalar apparatus; fomales 750u
to 875 Jong just preceding last molt; uterus wnd ovaries at this stage more ar
tess completely formed.

RIFTH GR ADCLE SPAGH

Male—According lo Schwarly and Allentn (7/0), males (fig. 30, Dy 868 fo
B99s long; smaller spechens T48p long by 38y wide also scen by writer,  Body
nearly equal in dimneter for most of its length, tapering townrd aoterior and pos-
terior ends,  In en face view, head with 2latornl liplike clevations, ench possessing
1 subdersal and I subventrud papille and a Inteeal jnphid (g, 30, 510 Accord-
ing to Schuurmans Btekhoven {107, free-living adults of Strangyloides slercoralis
witit 3 lips; this investiguior did nat study head in en fuee view, Head of N,
ransomi, in lateral view, distinetly set off from rest of body by shallow constrie-
tion (fg. 30, BY. Oral gpening leading into wide buceal cavity lined with thick
walls (fig. 30, B and C), A short fibrois struclnre Be long interpolsted anterior
fo esophagns and seb off from it by o consiriction. Tsophuagus very muscular,
rhabditiform; in & male specimen 748g Tong, esaphagus 12ix long, Two spicules
present; according to Sehwartz and Alieats, ench spicule 26u to 20p long, shaped
like & enrved blude {fig. 30, F and 2. Gulernnrulum 184 10 22u long by 9.4x
wide. Heveral papillae present at posterior portion of body, namely, 2 pairg
preanal and 3 pairs postanal; siso | papiilelike clevation present above cloneat
opening {fig. 30, 7).  Tail ssuncewhat sleader sad pointed, 83s to 90u long.

Pemale—According to Sehiwarty nid Alieate (/10), females (Rg. 80, €)1 to 1.3
mu long by 62 in maximuin width; specimens 0.8 to 1.3 mum long also observed
by the writer.  Shape of body and structure of head and digestive tract as in
free-living acult maules.  Volva wilh seifent lips, located near equator of body,
CGravid females containing several shelled epggs in various degrees of segurentu-
tion, Tail somewhat slender and poinfed, 150 1o 158k long.

DescrirtioN or Eea, EMiuyo, axd Lanvan Stagrs sroym Proousy or Fusg-
Favina (TENBRATION

BOG

Bhape of cggs similar to those of parssilic femmnles. T a series of meassure-
ments involving 25 eggs, length 45y to 60, width 206 to 34p; nsually embryonated
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when deposited by gravid females; frequently old females fail fo oviposit and

their egps hateh in the nterus.
BMBRYO

Embryo merphologically similar to cmbryo derived from egg of parasitic
female.

z

FIGURE 30.—ADULT FREE-LIVING MMALES AND FEMALES OF STRONGYLOIDES
RANSOM!.

Males 72, Lateral view; £, view of spicute; £, posterior i:urlion of fnle, Interal view,

Femuie: A, Anterlor end, en face view; £, snterior aml, nteral view; (4 anterior ond, dorsel view; G,
Iateral view of fetmnle.

PIRET-, BECOND-, AND PHIRD-STACH LARVAR

Phose three Iarval stoges, nccording Lo observations by Lucker, morphologically
gimilar fo corresponding stages in dircet erele.
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The development of the vartous stages of Strongylvides ransomd
outside the host, in aceordance with information obtamned hy Luclker,
is as follows:

RIRECT DEVELOPMENT OF THIRD-STAGE LARVAE FROM LEGGS OF PARASPRIO
PFEMALES

Ab yoom temperature (22° {6 24° C), eges of perasitic females hatell in from
4 to 18 hours and the larvae undergo the first woll from 12 {o 18 hours leter.
Second-slage larvae, afler p period of growth, moit o second time in less than 48
hours after incubation (fig. 29, K); afler the scecond molt the Jarvae are in the
third siage.

INDIRECT DEVELOFPMENT OF FHEE-LIVING ADDLT MALES AND FEMALES FROM

BGGS OF FANASFIIC FEMATES

At room temperature (22° {o 24° £)), eggs of parasilie females hateh in from
4 ta 18 howrs nnd larvae nndergo 1he first molé about 10 hours after halching
{fig. 28, B and £}, Second-stage Inrvae, aficr a period of growth, undergo a
second melt from 12 10 14 hours affer the first molt.  The time required for the
third and fourth melt is nob stated; however, Luncker noted adull frec-living
males andd females from 38 to 48 hours after incubation.

DEVELOPMENT OF TUHIRD-STACE LARYVAE PHOM BOGGS OF FHER-LIVING PEMALES

Eggs deposited by free-diving {females vsually hateh in 12 hours. The &rst
molt in & waler medinm is apparentiy variable, and may require about 48 hours,
especially when food s scarce.  Second-stage lsrvae spparently molb from 48 to
60 hours afler incubation, ag that was the period when Lhird-stage lurvae were
noted by Lucker in water enltures.

ORsErvaTiONS ox Hrrecrs or ENvIRONMENT
SKIN PENETRATION

Lucker has shown that third-stage larvae of Strongyloides ransomi
are capnble of penctrating the skin of live pigs and rvabbits, this
resutting in an intestinal infestation.

RESTIBUANCE TO DEBICCATION

A small drop of water containing & number of third-stage larvae
was pluced on each of several glnss slides.  A{ the moment the water
evaporated, the Lime wis noted, and the slides remained exposed at
room temperature for various pertods as shown in table 35. At the
expiration of the desired lapse of time, u few drops of water were
added to the dried larvae, and the preparations were examined at
various intervals for about 24 hours.

Table 35 shows that exposure of 5 to 10 minutes to air drying
desiroyed the vitality of most larvae, and o 20-minutes’ exposure
proved fatal to all larvae.

TanLe 36— Resulls of abservations on the vesistunce of thivd-stage laveae of Strongy-
loides ransomd fo air drying al ropwm temperabure (24° 0

Drn- Numher Durn-

tion of Contlition of Inrvne sfter of nrvae ey of Comdillon of nevie nfter
expo- wibelilion of wailer used expn nidditlon of water
surg g EH

Nomber
of lnrvae
used

Alinatey
. 2

Mintdes

Al petive, - 10 | 9 ¢doad; 1 showed slight siove-

B dead; ¥ showed sliphit move- went nfier M minles, oad
ment nfter 10 minetes, but wis dend afler 2¢ hours.,
were dend afier 2 hours. 3. . . 20 | Al dead,
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REACTION TO COLD

Observations were made on the effects of various low temperatures
on the third-stage larvae of Strongyloides ransomi. Each record is
based on observations involving about 1,000 larvae. During the
course of the experiment the larvae were kept in glass tubes con-
taining moist anmimal charcoal, The results are given in table 36,
which shows that exposure of 6 hours to —13° C, destroyed the
vitality of some larvae, and an exposure of 25 hours to that tem-
perature destroyed all the larvae.

TapLk 36.——Effects of low temperature (—15° C.) on the infective larvae of Strongy-
Toides ransawmi, each culinre tnvolving aboul 1,000 farvac

Period
of reftig-
cration

Period
nlralrig
erniion

Condition of larvae al ter-
wination of exposurs

Condition af larvae ot ter- Culiure
minniinn of sxposure no.

Culiure
no.

1fgury Flours
f | Alajorlly ol larvoe  mopved || G 29 | Ahouat 50 percent showed slight
slowly, mavatient; athers dead,
18 | Aboul A0 percent showed sligtit || 4. .o - 25 { Alllarvae dend.

movement; others dead, H B 30 Do,

LONGEVITY OF LARVABR IN FEGES AT ROOM TEMPERATURE

General observations have indicated that the life of third-stage lar-
vae of Strongyloides is somewhat short, Bruns (14} found that he
could keep third-stage lurvae of Strongyioides alive for 20 days.
Schuurmans Stekhoven (107) reported that under favorable condi-
tions of humidity and temperature, the longevity of 8. stercoralis
did nob exceed 3 to 4 weeks. In 2 cases the writer has noted that
the leneth of life of S. ransems in swine feces kept in L-quart glass
jars did not exceed 11 to 13 days. ~This indicates that the life of the
third-stage larva under field eonditions is probably short. Such short
duration of life is not surprising, however, since these larvae are not
protected by a sheath as are third-stage larvae of most strongyle
nemafodes.

COMPARATIVE MORPHOLOGY OF EGGS AND THIRD-STAGE
LARVAE OF SOME NEMATODES OCCURRING IN SWINE

As already indicated, the eggs and third-stage larvae of each of the
various species of nematodes parasitic in swine can be differentiated
from one another in most cases. The various differential characters
are given in tables 37 and 38.

1 amLE 37.-—Comparisan of cggs of some swine nematodes soon ofler eggs are
depostied

FOGS WHICIH USUALLY 10 NOT IATCL OUTSILE OF Loz

Y- . Tragree of development.
‘“"“"S[;Le'“,""““’ Characlsristies of epgshelt [ and characteristics af
LE exr when deposiled

Nomulorle

Afierons
Congyfonei prfchrasi.. ... .| §e=00 by 30-34.. | Blightly  thick, suwoll, WiLh fully formwed en-
volorless. bryo. Ceplalle por-
tian with rows of
spines; anlerioe end
of wvenlral  poriion
with 2 swill hooks;
posieriar hook nhout
Splung,
Ascarops atrongplina.. __o.ooo.. o) 41-45 by 2226, .| Thicks surfuce with small | Asin G. patdehrwm, ex-
| punciations; eolorless, cept posterlar hook
] about 1,7along.
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TasLe 37—Comparison of eggs of some swine nemalodes soon after epgs are
deposited—Continucd

EQGS WHICMH USUALLY DO NOT HATCH QUTSIDE OF HOST—Conlinued

. Tegree of devolopment,
Chargeleristics of epprshel) and character(stics of
egr when deposited

Mensurerneniy

Nemntode of ege

Microns
Physocepdaius seratatus. .. .....| 1145 by 22-36. .| Thick; surfaco withgmall | As in 6. pulchrium.
punectations; eolorless,
Mcastrongylus sedmi___ .. | 43-57 by 38~11._.| Thick; =zurfce slightly | With tully formed atn-
mammilated; dark gepg- bryo; spines or hogky
h. nlisent,
Metastrongplus elongains. ... ... .| d5-57 By 3511, ~ila. 130,
Choerostrongpiuy pudeniatecing., ... G004 by 43=15. .. cemen Tin,
L lacaris suicny 8384 by 5070 | Thick: surface usuatly | Ustnlly tn l-ecil stige,
eonrsely  mammilaled;
hrownish yellow,
Frichuris swis. . _._...._._.___| (D-G8 by 23-31___| Thick; surface smooth; (i 1-cell stage.
lemon  shaped;  dark
hrown.

BGGS WHICIH HATCH OUTSIDE OF HOET

{lyostrongylies rubiidus. . . . G071 har 31-35_, ‘I‘hi:lu ; surface  smeoth, [ In encly tudpale singe,

colotless.

Orsophagostomum dematum 61-84 by 35-53. .| Thin: surfice stuogth, Usually with 8 1o 16
colorless, cells,

Stephanuris demotey, . .. 9=L14 hy 5463, . A0 e | WIH nbeu 32 to
cl

rlis,
Strowyyloides vansomi. SRS by stens ) da. L In late tadpale stuge to
curly vermiform erm-
bryo stage,

TanLe 38—Comparison of third-slage (infective) larvae of some nematodes oceurring
in sirine

Nomatade Slze Dillerentiat charavters | Loeation
]

Gongyioncta pulchram_ CL80-2.45 mm by §0- | Lateral border of mouth Encysted in inseets
By, projeets outwerd; ¢soph- ar - aeeidentally,

npus  civided into g wssihly i vertn-

rarts; tail with 2 or 4} hrales,

small dlgitiform praves. |

5

15,
slactrops wirongyting. ... _. LAI-282 man by &83= 1 IMead with 2 dorsoventrnl | Boeysied in Insects
Ny liplike elovations; esaph- or, fecidentally, in
agus  divided into 2 vartebrates.
parts; tip of tail with
sraoth knnb,
Physocephaluy seeafatws, ... .. o 13A-LAW mm by 6~ | Head aod edophagus a5 in D
¥, oA straagyline; tip of 1ai]
With many smal! dlgiti-
[ form processes.
Metustromgylor sefui L. S0 by M. _ ! Head rounded; esophagus | Usually in csopla-
strongyliform; near end geal wall or blood
of 1all, 2 somewhat in- vessels of annclid 5
. __distinet nolghes. enshenthed,
Mrtastrongping clongutas, | 2540 by M fead and ssophagns as in o,
4 M, sefmnl; near end of
tail, usunlly 2 deep
B nalches. i
Choerastrongming padendotecins. -5 iy M. L. | ASTn M. xotmi La.
{fyontrongying rutriden . .. | 715=F3 by 290 2.0 | Fond rounded, esophagys | Vsoally in feers; vi-
stirangrliform; bunecnl shenthed.
envily spearhend-
shaped; tip of tail with
o digititar e proeess,
Oeropthayostom m denfalitti. . . 005 by . .} Desud rodl esophugos as in g,
i {1 rubidus: hucenl eav-
Hy with lintng drawn
out inlo thin sfrands of
interlaeing fibers; tail
! somewhial pointed.
Stephunwruy demtatns. ... A= by 24-3p ] Oead aned usaphagus a3 in 13g,
§ FI. rubidus bueen) cav-
. ity spindleshnped; tip
) of tajl rourled.
Strangtofdes ransoms A01-645u by 15-104...| Hend -punded; esophagus | Usually in feces; ex-
; slemdler,  oecup ¥ing shealhed.
uhoul one-tmlf lengih
af worm; Lp of tall with
A snall nointed proees- i
505, '
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SUMMARY

A study was made of the early developmental stages of the f ollowing
pematodes parasific in swine: Gongylonema pulchrum, Ascarops
strongylina, Physocephalus sexalatus, Metastrongylus salmi, M. elonga-
tus, Choerostrongylus pudendotectus, Ascaris suum, Trichuris suis,
Hyostrongylus rubidus, Oesophagostomum dentotum, Stephanyrus den-
tatus, and Strangyloides ransomi. For two of the nematodes, however,
G. pulchrum and H. rubidus, observations on the stages in the defini-
tive host are also discussed briefly. The nomenclature of each
parasite, its host relationship, geographic distribution, morphology,
and bionomics of its early stages are given.

When fed to roaches, eggs of Gongylonema pulchrum hatehed within
24 hours and the larvae developed to the infective or third stage in
about 32 days. These larvae encysted within the sarcoplasm of the
muscle fibers of the insect host. When fed to guinea pigs, third-stage
larvae promptly penetrated the tissue at the junction of the stomach
and esophagus, usually entering the wall of the esophagus in this
region, and migrated under the linings of the esophagus and of the
oral cavity. Under these linings the worms were found sexually
mature 70 days after experimental infection. Eggs of G. pulchrum
contained viable embryos after 4 months’ exposure to outdoor-con-
ditions at from —6.6% to 37.7° C., and after being kept 4 months
at Toom temperature (22° to 24°), Three new intermediate hosts
for this parasite are reported in this bulletin, namely, Aphodius
lividus, Dermestes vulpinus, and Parcoblatte sp.

When fed to beetles, eggs of Ascarops strongylina hatched within
924 hours, and the larvae developed to the infective stage in about 29
days. Eggs of this parasite contained viable embryos after 20 days’
exposure abt from —4° to 2° C., and alter being kept 4 months at
room temperature {22° to 24°). Two new intermediate hosts are
reportecl in this bulletin for this parasite, namely, Aphodius granarius
and Pessalus cornutus.

When fed to beetles, eggs of Physocephalus sexalatus hatched within
94 hours and developed to the infective stage in 36 days. FEggs of
this parasite contained viable embryos after being kept at a tempera-
ture of from —4° to 2° C. for 20 days. Two new intermediate hosts
for this parasite are reported in this bulletin, namely, Ateenius cog-
natus and Passalus cornutus.

The larvae of Metastrongylus salmi have been successfully reared
to the third stage in carthworms, Zumbricus terrestris and Helodrilus
caliginosus var. trapezoides. Third-stage larvae may remain alive
in the body of the earthworm for af least 4 months.

In a study of the devclopment of Metastrongylus elongatus and
Choerostrongyius pudendotectus, third-stage Iarvac of these parasites
Liave been found in the bodies of earthworms ss Inte as 9 months after
experimental infection. Lungworm eggs eliminated with the feces
of swine do not hatch outside the host. The surface of the eggshell
is corrugated.,

Eggs of Ascaris suum were found to reach the infective stage in
16 days at 33° C., in 18 days at 30°, and in 28 days at 22° to 24°.
Tlhe infectivity of the egg was determined by the molting of the
embryo within the shell and by the ability of the eggs to produce
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an infestation when fed to guinea pigs. Nonmolted embryos were not
infective to guinea pigs.

Eggs of Trickuris suis were found to contain fully developed
ambryosin 18 days when kept at 37.5° C.,1in 22 daysab 33%,In 54
days at room temperature (22° to 24°), and in about 7 months out-
doors when kept underground; the temperature outdeors during
the 7 months was from 6.1° to 24.5°.

Eggs of Hyostrongylus rubidus cultored at room iemperature
hatched and the larvae developed to the infective stage in 7 days.
Third-stage larvae fed to guinea pigs developed in the stomach
without undergoing further migration and reached the fifth stage
in from 17 to 19 days. In the preperasitic larval stages of H. rubidus
sex was differentiated by the position of the posterior cell of four
giant cells in the body cavity of the larve, DPreparasitic larvae in
which this giant cell is anterior to the genital primordinm develop
into males, wherens those in which this cell is slightly lateral or poste-
rior to the genital primordium develop into females. The genersl
development of the male and female reproductive gystems was traced
in the four larval stoges of this parasite. Third-stage larvae of H.
rubidus showed the following characteristics: (1) They failed to pene-
trate the skin of young rats or guinea pigs; (2) they were resistant to
a temperature of 3° to 5° C. for 8 days, but not to a temperature of
—5% to 1° for 30 days; (3) their vitality was destroyed when they
were kept at —20° for 9 hours; (4) they were killed when subjected
to air drying for 4 hours; (5) in water-charcoal eulture, they survived
for 2% months bub not for 3% months.

Eggs of Oesophugostomum denlaium cultured at room temperature
hatched, and the larvae developed to the infective stage in about 6
days. Third-stage Jarvae of O. dentetum showed the following charac-
teristics: (1) They failed to penetrate the skin of young rats under
experimental condition; (2) some larvae showed signs of life when
exposed to —19° to —29° C. for 10 days; however, thelr vitality was
destroyed when kept at o temperature of —15° to —29° for 31 days;
(3) larvae were killed when subjected to air drying for 22 hours; {4)
larvae kept in water-charconl culture for about 186 months appesred
normal,

Eags of Stephanurus dentalus cultured at room temperature (22°
to 24° C.), hutched and the larmvae developed to the infective stage
in about 5 days. Third-stage larvae have been found to possess the
following characteristics: (1) They lailed to penctrate the skin of
2-day-oid rats; {2) they succumbed after 1 howr's exposure to air
drying at room temperature; {3} their vitality was not destroyed
when they were exposed Tor 6 hours ot —19° but an exposure for 9
hours at that temperature proved Tatal; (4) they were {ound to be
normal after being kept in water-and-charcoal media for 40 days.

The life of Strongyloides rensomi in feces-and-charcoal cultores
kept in boitles nb room temperature did not execed 11 to 13 days.
Strongyliform larvae were found to perish when subjected to air dry-
ing for about 20 minuotes, and when subjected to —15° C. {or 25 days,

It was determined that the shape of the buceal caviky usually
scrves to differentinte between the fhivd-stage lsrvae of the various
parasites discussed in this bulletin,
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