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Histological Studies on the Anterior Region of Heterodera
glycines and Hoplolaimus tylenchiformis
(Nematoda, Tylenchida) *

Hrepwic HIRSCHMANN

In an earlier paper (Ilirschmann, 1956), the presence of an apparently
new structure was noted in the cephalic region of males and second stage
larvae of Heterodera glycines Ichinohe, 1952, The structure was described as
band-like, extending around the nematode hody and situated hetween the
cuticle and hypodermal layer of the hody wall. Later examination revealed
the same structure in larvae and males of a number of other Heterodera
species, Sinee this structure appeared to be a common feature among members
of the genus Heterodera, a detailed histological study was made of it in males
and larvae of H. glycines. In addition, the layering of the external cuticle,
cephalic structures, hody and stylet musculature and hemizonid were also
studied. Adults of Hoplolaimus tylenchiformis Daday, 1905 (syn. Hoplolai-
mus coronatus Cobh, 1923) were selected for comparative purposes.

MATERIALS AND METHODS

Heterodera glycines was propagated on soyheans, Glycine max (L.) Merr.,
in the greenhouse. Males were collected in large numbers by incubating
heavily infected roots (Goodey, 1951) or by screening the soil (Christie and
Perry, 1951). Second stage larvae were hatched in water from eggs in brown
cysts. Hoplolaimus tylenchiformis was reaved on cotton, Gossypium hirsutum
L., and adult females and males were screened from the soil.

Nematode material for study was prepared by several methods.

1. The nematodes were mounted in water or 2% formalin in temporary
whole mounts.

2. Whole nematodes were mounted in gyleerin for permanent slides
(Thorne, 1955).

3. The layering of the cuticle was studied by treating the nematodes with
5% sodium hypochlorite. Specimens were immersed in the hypochlorite alive
or dead. The dead nematodes had been subjected to 65° C. for 10 minutes.

4. The cuticular layering, cephalie framework, chords with nueclet and
other anatomical features were studied in material stained with orcein. The
modified technique described by Mulvey, 1955, was followed, except that the
anterior region of the nematodes was severed rather than whole nematodes
being squashed. This kept the body contents intact and still allowed the stain
to penetrate.

5. Face views and transverse handsections were prepared according to the
instructions of Buhrer, 1949. The sections were cut 10-20 microns in thick-
ness with a surgical eye knife.

“Contribution from Plant Pathology, North Carolina Agricultural Experiment Station,
Raleigh, North Carolina. Published with the approval of the Director of Research as Paper
No. 967 of the Journal Series.
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6. Nematodes for microtome sectioning and subsequent staining were first
relaxed by gentle heat. They were then transterred to a 29 agar solution and
oriented with their bodies parallel in one level. After solidification, the agar
was trimmed to a small rectangular block with the nematodes in the center.
Several blocks were prepared and fixed in the following fixatives:

() A mixture of mercuric chloride and glacial acetic acid (saturated

wercurie chloride solution, 100 ml; glacial acetie acid, 5-10 ml).

(b) Zenker's fluid (Potassium bichromate, 2.5 g; sodium sulphate, 1 g;
water, 100 ml; mercurie chloride, 5 g. Add 5 ml glacial acetic acid
hefore use; atter fixing, wash 24 hrs. in water).

(¢) Petrunkewitsch’s fluid (water, 300 wl; absolute ethanol, 200 ml;
glacial acetie acid, 90 ml; concentrated nitric acid, 10 ml; mercuric
chloride to saturation, approx. 20 g).

After fixation (30-60 min.) the blocks were dehydrated with an ethanol
series (30 min. changes) and infiltrated with paraffin. The alcohol and traces
of water were removed by transferring the blocks to methyl bhenzoate (2
changes 30 min. each) which was replaced by benzene (30 min.), and followed
by a saturated solution of paraffin in benzene at a temperature of 35-40° C.
(30 mm.). Finally, the blocks were placed in pure paraffin at 58° C. (1-2
hrs.) and were embedded in Fisher's tissucmat (melting point, 56-53° C.).
Serial sections, 10 microns in thickness, were mounted with chromalwm adhe-
sive and stained with Mayer’s haemalum (hematoxylin, 1 g; sodinm iodate,
0.2 g; allmnum potassium sulphate, 50 g; chloral hydrate, 50 g; citrie acid,
1 g; water, 1000 ml). Krythrosin (0.1% water solution) was used as a
counterstain.

111STOLOGICAT, STUDIES
A. External cuticle

The external cuticle of males of H. glycines and adults of I. tylenchiformis
consists of three distinet layers in the mid region of the body. This layering
15 shightly modified in the eephalic and caudal regions.

(a) Heterodera glycines males: In whole mounts or longitudinal seetions
(Fig. TA), the outermost layver (a) shows a coarse annulation which is spaced
regulavly, beginning with slightly smaller annules at the constriction of the
lip region, and extending posteriorly to the tail. Inwardly, layer (a) is firmly
fastened to the middle layer (b), which exhibits a similar hut slightly more
flattened annulation. The third and innermost laver (e) appears either as a
double annulation or as a row of well defined dots, depending on the level of
focus, with two annules or 2 dots corresponding to one annule of the outer
lavers (a) or (b) (Fig. 1A 1, 2). Tu longitudinal optical section, the inner
laver (¢) appears as another annulation around the body, but the width of
cach annule is only half that of the outer annules. Specimens stained with
orcein show particularly well the slightly wavy to zigzag course of the annules
in laver (¢) as dark-staining material alternating with striae of non-staining
substance (I'ig. 1A3).

The cross seetions (Fig. 1B) show that layer (a) is as thick as layers (b)
and (¢) combined. At the lateral sides, layer (a) bulges out to form the
lateral fields, which extend as longitudinal thickenings throughout the length
of the hody. Tn the middle of the hody, they are subdivided by 4 longitudinal
meisures of which the 2 inmner ones are more closely spaced. Layer (a) is
hyaline and does not stain with orcein or ervthrosin. The juncture hetween
layers (a) and (b) forms a dark fine line which broadens beneath the lateral
fields. Layer (h) is composed of homogeneous material that stains pink with

Copyright © 2011, The Helminthological Society of Washington
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Fig. 1. Cutieular layering. A—Hcterodera glycines male, longitudinal seetion
of body wall; 1 and 2—different levels of focus, unstained; 3—stained with orcein.
B—Hcterodera glycines male, ceross scetion through mid region of body. C—
IToplolaimus tylenchiformis, longitudinal section of body wall; 1 and 2—different

levels of foeus, unstained;

3—stained with oreein.

formis, c¢ross scction through mid region of hody.

a—outer cuticular layer

amph du—amphidial duct

amph o—amphidial pore

amph p—amphidial pouch

ant ceph—aunterior eeplh-
alid

b—middle cuticular layer

has r—Dbasal ring

bdy cav—body cavity

¢—inner cuticular layer

ce fr—cephalic frame-
work

cut—cuticle

d c¢ch—dorsal ehord

d gl or—dorsal esopha-
geal gland orifice

es—esophagus

es gl—esophageal gland
lobe

es lu—Ilumen of esopha-
gus

Abbreviations for Figures

ex du—exeretory duet

ex p—exerctory pore

hem—Dliemizonid

hyp—hypodernis

ine—incisnre

Ip—Ilip, lip region

Ip sece—lip sector

Ip ppl—lip papilla

Ip con — constriction of
lip region

1 1p gr—Ilongitudinal lip
groove

1 1p str—longitudinal lip
striac

1 fld—Ilateral field

1 ch—Ilateral chord

m f—muscle fiber

n—mnuecleus

nryv r——uerve ring

D- -Hoplolaimus tylenchi-

or ap—oral aperture

post cepli—posterior ceph-
alid

rad b—radial blade

s—sensilla

s0 m-—somatie
ture

su—yellowish substance

str—striation

str e—striation of inmer
cuticular layer

stru—=8-shuped structure

sty—stylet

sty kn—stylet knobs

sty p—stylet protractor

sty sh—stylet shaft

vest—vestibule

vest ex—vestibule exten
sion

v ch—ventral chord

muscula-
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erythrosin and light red with orcein. Layer (c¢) is a narrow layer of dense
material alternating with less dense material resulting in a transverse fine
annulation, i.e. striation, as deseribed above. The annules of layer (¢) show
great affinity to the stains and are decp red with erythrosin or orcein. The
striation of this layer is absent in the regions of the chords. In eross sections,
the narrew band of dark staining material disappears where the 4 chords
bulge into the body cavity (Figs. 1B; 3J, L; 6B, D). In longitudinal view,
this interruption is particularly pronounced at the broad lateral chords hut
is also distinet at the dorsal and ventral chords (Fig. 4A). The striation of
layer (¢) begins at the constrietion of the lip region where the muscles start
and ends in the candal region where the muscles terminate. Except for the
chords, the hypodermis throughout the body is an exceedingly thin layer of
tissue between cutieular layer (¢) and the bases of the somatie muscles. Tt
thus appears that the striation of layer (¢) has some connection with the
attachment of the muscles to the cutiele.

The cuticular layering was also studied by treating the nematodes with a
3% solution of sodium hypochlorite. The hypochlorite enters the hody open-
ings and the nematodes soon disintegrate. The thin cuticle of the cephalic
region is dissolved first and this is followed hy the remainder of the hody
cuticle. Layer (a) loosens first, then the striation of (e) is completely dis-
solved. Next (b) breaks loose and forms small bloecks of homogeneons mate-
rial which disappear rapidly. Only the outermost part of layer (a) is not
dissolved. TIowever, when specimens are heated to 65° C. for 10 min. hefore
treating with sodium hypochlorite, this part is also destroyed.

(b) Hoploluimus tylenchiformis: The cuticle of adults of Hoplolaimus ty-
lenchiformis 1s almost 3 times as thick as that of males of Heterodera gly-
cines. Basically, however, it has a similar structure (Fig. 1C, D). Laver (a)
seems to he subdivided and is coarsely annulated, hyaline, and does not stain
with erythrosin or orcein. It is firmly attached to the more narrow layer
(h) whieh is flatly annulated, homogeneous in structure and stains pink with
erythrosin and light red with orcein. Inwardly, layer (¢) is very prominent
and, in contrast to Heterodera, is larger in the mid region of the hody than
layers (a) and (b) combined. Layer (¢) appears as a dense refractive ma-
terial that has a slightly fibrous appearance in eross section. The boundaries
of layer (¢) show strong affinity for erythrosin and orcein (Fig. 1D). This is
particularly true for the innermost part which exhibits a similar double an-
nulation, ie. striation, as layer (¢) in Heterodera (Fig. 1C). At a certain
foeus in longitudinal view, there seems to he a criss-cross marking of striae in
layer (e) indicating an inner and outer layer of striation. The inner stria-
tion, however, is far more prominent and always visible (Fig. 1C 1-3).
Stained with orcein, the inner striation appears to be composed of heavily
staining bands alternating with non-staining striae (Fig. 1C3). As in Hetero-
dera, this striation is absent where the chords protrude into the body cavity
(I'ig. 1D). Consequently, layer (e) is more narrow in these regions. The
striation of layer (e¢) disappears also in the eaudal region where the somatic
musculature ends.

Specimens of H. tylenchiformis exposed to sodium hypochlorite showed a
similar sequence of cuticle disintegration as that deseribed for H. glycines
males. IMrst, layer (a) is loosened, then layer (b) breaks off as small blocks
of homogeneous material that is rapidly dissolved; almost simultaneously the
inner striation of (e) disappears and the broad layer of (e¢) narrows down
to a finely annulated line which finally is also dissolved. The outermost part

Copyright © 2011, The Helminthological Society of Washington
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of layer (a) is destroyed only when the specimens have bheen pretreated
with heat.

Thus, it may be concluded that the cuticles of Heterodera and Hoplolaimus
have the same fundamental structure exeept for the more developed layer (c)
in Hopolaimus. In Heterodera, layer (e) is so narrow that it is actually
identieal with the striation of (¢), whereas in Hoplolaimus the striation forms
only the innermost part of the broad layer (e).

There are no reports in the literature regarding the cuticular layering of
males of Heterodera and adults of Hoplolatmus. Some studies, however,
have been made with other members of the Heteroderidae and Tylenchidae.
Nagakura, 1930, describes the cuticle of males of Heterodera radicicola (syn.
Meloidogyne sp.) as consisting of 3 layers but erroneously interpreted the
layer of somatic musculature as the third layer of the cuticle. Elsea, 1951,
reports that the cuticle of females of Meloidogyne hapla is composed of “at
least three layers: an external covtieal layer, a middle matrix layer and
innermost, a somewhat thinner fiber layer” and that “the cuticle of the male
is thinner than that of the female and appears to be of uniform condition.”
The adult female cuticle of Meloidogyne hapla and M. javawica has heen
studied primarily in respeet to its chemieal composition by Bird, 1958. In
morphologieal respects, this author finds the cuticle of these nematodes to
consist of “a thin, darkly staining surface layer covering a homogeneous
substance which is divided into 3 layers by 2 darkly staining bands of mate-
rial which, in some cutiéles, lie close to the hypodermis and give the impres-
sion of being a single darkly stained innermost layer.” Franklin, 1939, states
that the cuticular layering of the cyst wall of Heterodera spp. comprises a
surface layer which has a reticulate appearanece due to shallow ridges.
Underneath this layer are some pit-like markings and beneath these are 3 or
4 inner layers running around the cyst. Wieser, 1953, who made a detailed
study of the eonstruction of the cuticle of eysts of several Heterodera species,
distinguishes an exo- and endo-cuticle. The exo-cuticle consists of a cortical
layer, a fiber layer, a fibrillar layver, an inner matrix and is bounded internally
by a boundary layer. The endo-cuticle appears homogeneous and more or
less amorphous.  This is not true for . rostochiensis, in which case the endo-
cuticle splits into a number of layers which resemble the fiber layers in
Ascaris lumbricoides. The endo-cuticle is bounded by a basal lamella. In the
Tylenchidae, details have been worked out for the euticular layering of Dity-
lenchus dipsaci. Chitwood, 1938, states that the external cuticle of this nema-
tode is a complex made up of several layers: an exterior layer (cortical lay-
cr), a fibroid matrix layer and collagenous fiber layers. IHe observed that
the outermost part of the exterior layer is a thermolabile membrane which
governs permeability. Comparing the results of our experiments with sodium
Lypochrolite with Chitwood’s findings, it is likely that the outermost part of
layer (a) in males of Heterodera and adults of Hoplolaimus constitutes also
such a thermolabile membrane.

Due to the relatively small size of Heterodera males and adults of Hoplo-
laimus, it is diffieult to compare the cuticular layering of these nematodes
with that of large animal parasites, or with the layering of the highly special-
ized female euticle of Heteroderidae. If such a correlation is attempted, how-
ever, it seems that layer (a) would correspond to the external and internal
cortical layers, layer (b) to the matrix layer and layer (¢) to the fiber lavers.
The striation in layer (e) would represent transverse bands of dense connee-
tive tissue. In Hoplolaimus, these bands form the innermost part of the

Copyright © 2011, The Helminthological Society of Washington
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prominent layer (¢) which seems to be of fibrons nature throughout and ap-
pears to possess another layer of dense tissue adjacent to layer (b).
Although there is eonsiderable variation in the construection of the euticle
among various nematode groups, the common basie pattern of cuticular strue-
ture is essentially quite similar and appears to approach a sub-division into
3 main layers.
B. Cephalic region

(a) Heterodera glycines males: The lip region (Figs. 2A, B; 3A-G; 4A) is
distinetly set off from the rest of the body by a pronounced constriction and
bears a well developed, yellowish framework. The ecuticle of the cap-like lip
region consists of layers (a) and (b) and when seen in lateral or median
whole mounts, shows an irvegular cuticular pattern with one side often ex-
hibiting distinet annnles, and the other side appearing smooth (Figs. 2A, B;
4A). This indicates the presence of longitudinal as well as transverse euticu-
lar markings. The pattern of cuticular markings as well as the strueture of
the framework are best understood in “en face” mounts.

The lip region is divided into six sectors by the six radial, arehed lip
sclerotizations (framework) (Ifigs. 2A, B; 3B-E). Axial in this framework
is a heavily walled hexagonal tube (vestibule) which continues into the hody
hecoming ovoid to round in cross seetion (Iigs. 2A, B; 3B-J). This extension
resembles a lyre when viewed longitudinally and terminates with an extremely
thin walled eylinder (Fig. 2A, B). The extension is made up of different
material than the sclerotization of the vestibule. This is shown by its affinity
to hematoxylin in stained paraffin sections. Both structures serve as stylet
guides. Blade-like projections radiate toward the periphery of the lip region
from each of the 6 corners of the vestibule and are attached to the corners
throughout their length (Tigs. 2A, B; 3B-E). The projections begin as fine
short rays at the height of the second lip annule (Fig. 3B) and increase in
length toward the constriction of the lip region. In longitudinal section, two
opposite blades have the outline of an arch with the heaviest selerotization
on its base and periphery. The blades are connected with each other at their
bases by a sclerotized ring linking the outer edge of one blade with the outer
edge of another bhlade (Fig. 3E). The hlades terminate in the approximate
latitude of the last lip striation ahove the pronounced annulation of the con-
striction (IFig. 3F).

Thus, the framework divides the lip region into six sectors. The lateral
lip sectors are smaller than those of the subventral and subdorsal lips (IMig.
3D, E). The oval shaped amphidial ducts are visible throughout the length
of the lateral lip seetors (Fig. 3B-I'). Each subdorsal and subventral lip
bears medially a single obscure papilla. The nerve fibers of these papillae
can be traced through the entire lip region and are no longer visible where the
blades end (Fig. 3B-F).

The enticular pattern (Figs. 3A-G; 4A) of the lip region was found to he
highly irregular from specimen to specimen. In most cases, 6 distinet stria-
tions were observed (Fig. 4A). These do not include the constriction. The
first lip annule is a thin, slightly convex, ovoid plate with the mouth opening
in its center (Fig. 3A). At the height of the second transverse striation, the
framework hecomes faintly visible, and hordering this striation, the slitlike
amphidial pores appear in the lateral sectors (Fig. 3B). The third striation
marks the initiation of 6 longitudinal grooves, cach proceeding above one of
the radial blades (Tig. 3C). The fourth striation also shows 6 grooves giving
the lip region a vegularly lobed appearance in this vieinity (Fig. 3D). The

Copyright © 2011, The Helminthological Society of Washington
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Fig. 2. Cephalic region of Heterodera glycines. A—male, lateral view; B—
male, dorsal view. C—second stage larva, lateral view; D—sceond stage larva,
dorsal view.
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cuticular pattern becomes difficult to observe in the subsequent part of the lip
region. The longitudinal grooves do not seem to keep their course over the
blades, and other faint, unevenly spaced longitudinal striae arise which pro-
ceed toward the constriction (Fig. 4A). Where the basal ring begins, the
5th transverse striation surrounds the cephalic area (Fig. 3E). This striation
may not complete a full circle and shows a number of unevenly spaced longi-
tudinal grooves (Figs. 3E; 4A). These grooves vary from specimen to speci-
men. The 6th striation is similar, but the number of grooves is reduced in
most specimens (Fig. 3F). It is followed by the constriction which is a
pronounced annulation.

Starting with the constriction of the lip region and extending posteriorly,
the external cuticle assumes its typieal structure of 3 distinet layers desecribed
above. At the 6th to 8th annule posterior to the constriction, a highly refraec-
tive structure (the posterior eephalid) borders the inner cuticle (Figs. 2A,
B; 3K). In longitudinal sections, this structure attains a more or less bi-
convex shape and extends around the nematode body. It may proceed hori-
zontally following one and the same annule or it may be slightly oblique to
the horizontal plane. In general, the annule exterior to this strueture is much
larger than the anterior annules and slightly larger than the rest of the body
annules.

A similar but less conspicuous structure (the anterior eephalid) extends
around the hody under the second annule posterior to the constriction (Figs.
2A, B; 3I). This structure covers from V5 to the full width of the second
annule. It is sometimes difficult to observe because of its small size but has
been detected in every specimen critically examined.

Closer examination of the cephalids revealed that, in these regions, the
striation of layer (e¢) as well as part of layer (b) of the cuticle are absent.
The somatic museles appear somewhat shortened in eross-seetion (Fig. 3K).
The cephalids are well defined structures, but stain only faintly.

In search for the nature of these structures, the anterior portion of the
nematodes was studied in more detail. Ou specimens in exaet lateral position,
a duct-like strand of protoplasm extending from the posterior cephalid was
always observed on the dorsal and ventral sides (Fig. 2A)." On the other
hand, a similar strand proceeding laterally from the anterior cephalid ap-
peared when specimens were examined in ventral or dorsal view (Fig. 2B).
Close examination of cross sections revealed that the dorsal and ventral chord
begin at the level of the posterior ecephalid (Fig. 3K). The 2 lateral chords
start where the anterior cephalid surrounds the nematode body (Fig. 371).
Posteriorly, each of the 4 chords quickly gains size (Figs. 31, K1, 5-7). The
lateral chords have a hroad hase against the cuticle which narrows in the
region of the stylet knobs and broadens out again posteriorly (Figs. 31-1s;
1B). The dorsal and ventral chords do not widen out to this extent. The
lateral chords arve eonsiderably larger than the median chords.

Based on these observations, it 1s suggested that the cephalids are associ-
ated with the anterior heginning of the chords. No evidence was ohtained
as to the histologieal nature of the two cephalids.

The nuclei of the dorsal and ventral chord start at the level of the stylet
knobs; those of the lateral chords start slightly further hack (Iig. 24, B).
The nueclei of the lateral chords are larger than those of the median chords.
The dorsal chord is soon devoid of nuelei in the remainder of the body.

*The terms posterior and anterior refer to the relative position of the rings to each other
and not to their location on the nematode body.
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IMig. 3. Cross scctions through the cephalic region of Heterodera glycines males.
A—TFirst lip striation. B—Second lip striation. C—Third lip striation. D—I ourth
lip striation. E—TFifth lip striation. IF'—Sixth lip striation. G—Constriction of lip
region. H—First body annulation. I—Second body annulation, level of anterior
cephalid. J—Level of vestibule extension. K1—Level of posterior cephalid. K2, 3,
4—Dorsal sector 3 microns in front of posterior cephalid. K35, 6, 7—Initiation of
dorsal chord (successive levels). L—DLevel of stylet shaft.
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Two other structures that begin at the level of the posterior cephalid are the
lateral fields which proceed on top of the lateral chords throughout the length
of the hody (Figs. 2B; 4A). Each lateral field is initiated with 2 ineisures,
which after 2-3 annules show a third middle incisure. The middle incisure
splits in 2 at the approximate height of the median hulb. The 2 outer in-
clsures are erenate throughout showing the same annulation as layer (a) of
the cuticle. The anterior end of each lateral field is aerolated.

The chords divide the somatie musculature into 4 musecle fields, 2 of which
are dorso-submedian and 2 of which are ventro-submedian (Figs. K1, Li; 4B).
The somatic museulature begins at the constriction with 8 musecles (Fig. 3G).
At the height of the posterior cephalid, the subdorsal and subventral musecles
consist of 2 fibers each; the dorsolateral and ventrolateral museles consist of
only one fiber each (Fig. 3K1). At the posterior cephalid, 4 new muscles are
initiated, two of which border the dorsal and ventral chords (Fig. 4B). Four
additional museles hegin lateroventrally and laterodorsally at the level of the
stylet shaft (Figs. 3L, 4B). ITence, in this region there are in each field 5
fihers which helong to 4 different muscles. Each muscle field comprises 2
longitudinal rows of spindle shaped platymyarian muscles (Fig. 4B).

The protracting muscles of the stylet (Figs. 2A, B; 3II-L) are mitiated at
the constriction as diffuse fibers around the vestibule extension and are at-
tached to the base of the framework. At the approximate level of the poste-
rior cephalid, the museles become more compact forming 3 sectors on the dor-
sal and 3 sectors on the ventral side (Fig. 3K1). The lateral sides are occupied
by the prominent lateral ehords. With the heginning of the shaft, the stylet
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Fig. 4. Cephalie region of Heterodera glycines males. A—Cuticular pattern, lat-
eral view. B—Arrangement ot somatic musculature (opened out).
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muscles recede from the stylet. Proceeding down the shaft, the musculature
then divides into 4 submedian sectors (Fig. 3L) which finally join into one
solid ring at the point at which they arve attached to the stylet knobs.

In the approximate latitude of the cephalic constriction, another structure
appears which surrounds the vestibule extension (Figs. 2A, B; 3G, H). In
cross seetion, its shape resembles the figure 8, with the broad parts directed
laterally. It protrudes into the body cavity about half the length of the
vestibule extension. It has a clear appearance and does not absorb stam. It
1s penetrated by the amphidial duets. After leaving this structure, the am-
phidial duets are incorporated into the prominent lateral chords (Fig. 2B).
At the approximate height of the posterior cephalid, the duets widen ount to
form two spindle-shaped elongate saes, which are the amphidial pouches that
end near the stylet knohs (Figs. 2B; 3K1, L). A group of narrow sensory
neurons with distinet nuelei and fine terminals form the sensilla located in the
pouch. The sensilla closely resembles a taste bud, and most probably acts as
a chemoreceptor. The impulses ave conducted through the amphidial nerve
to the amphidial ganglia. The amphidial nerves eould not be traced because
no special nerve stain was employed. Amphidial glands were not detected.
However, it was frequently observed that the above mentioned S-shaped strue-
ture was filled with a yvellowish substance. The same substance was also
present i1 the amphidial duets and many times was found exuded in form of
small droplets at the amphidial pores (Fig. 3A).

(h) Heterodera glyeines larvae: The lip region of the second stage larvae
of H. glycines closely resembles that of the male. It possesses a six-radial,
strongly selerotized framework, with one small papilla on each submedial lip
and distinet amphidial duets (Fig. 2C, D). Due to the small size of the larval
head, it was not possible to detevmine the exact appearance of the cuticular
pattern of the lip region. From longitudinal as well as “en face” view mounts,
however, it seems that it is irregular and possesses longitudinal grooves in
addition to transverse markings. The same is true in the male.

The location of the posterior cephalid is more constant than that in the male
(Fig. 2C, D). In most specimens it occupies the 7th annule behind the con-
strietion. This annule is not enlarged, but has the same size as the vest of the
body annules. The anterior cephalid is very small and located at the second
annule.

The begiuning of the dorsal and ventral chords at the posterior cephalid as
protoplasmic strands leading posteriorly is very distinet when viewed in
exact lateral position (Fig. 2C). The cuticular layering, the lateral fields,
the course of the chords, the somatic and stylet musculature, and the amphids
resemble that of the male.

(e) Other Heterodera species: Several other Heterodera species were ex-
amined for th occurrence of the anterior and posterior cephalids. The ce-
phalids were present in males and larvae of the following species:

H. schachtii, H. trifolii, H. major, H. rostochiensis, H. tabacum, H.
punctata, H. cacti, H. weissi, H. carotae, H. cruciferae, and H. fici.

The supposition was made that the location of the cephalids, i.e. the num-
her of annules posterior to the constriction, may be used as another quantita-
tive character to aid in the taxonomic differentiation of Heterodera species.

Table 1 shows the location of the anterior and posterior cephalids in 6 dif-
ferent Heterodera species. The number of annules the 2 cephalids appear be-
hind the constriction was the same for males and larvae except in H. cruci-
ferae. The location of the 2 cephalids is rather constant for males and larvae
within each species, but differences between species may not he signifieant.
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In H.schachtii and H. glycines e.g. the number of annules is the same in males
and larvae. The same holds if larvae of H.cruciferae are compared with
males and larvae of H. rostochiensis. On the other hand, there ave distinet
differences between H. cacti larvae and H. schachtii larvae. This character
may he of some taxonomic value in certain cases when used in conjunetion
with other characters.

(d) Hoplolaimus tylenchiformis: Since the anterior and posterior cephalid
were common structures in Heterodera, they were suspected to oceur also in
other nematode genera. A large nematode, Hoplolaimus tylenchiformis was
selected for comparative examinations,

In longitudinal sections and in whole mounts, the 2 cephalids were found in
Hoplolaimus (Fig. 5A, B). In Hoplolaimus, the rings have a similar ap-
pearance as those of Heterodera; however, the anterior cephalid is the larger
one. It is generally located at the 3vrd to 4th annule from the constriction of
the lip region and may extend as many as 2 annules in width, whereas the
posterior cephalid is situated at the 9th to 10th body annule and is the same
size as this annule. As in Heterodera, the striation of euticular layer (¢) is
absent where cephalids are located (Fig. 54, B). The structures do not occu-
py more layers than (e) due to the thickness of this layver in Hoplolaimus.
The anterior cephalid causes a pronounced recession of the somatic muscu-
lature in that region (Fig. 5B).

A study of cross sections (Figs. 5B, C) showed that the origin of cherds
was associated with the two cephalids. As in Heterodera, the lateral chords
begin at the level of the anterior cephalid; the dorsal and veutral chords at
the level of the posterior cephalid. Kach lateral chord starts as 3 strands of
hypodermal tissue which unite at the 10th to 12th body annule behind the
constriction.

The lateral fields begin around the 8th annule rather than at the level of
the anterior cephalid as in Heterodera.

There have been numerous contributions which deal with the gross mor-
phology of the cephalie region of Heteroderidae and Tylenchidae. Informa-
tion concerning the finer anatomy of these groups, however, is rather limited.
Some points of anatomical interest including eephalic framework, lip stria-
tion, lip papillae, amphid apertures are mentioned by Raski, 1950, in his
work on the life history and morphology of Heterodera schachtii. In a de-
tailed study of the morphology of the lip region of the genus Meloidogyne,
Allen, 1952, found that in this genus the lateral lip sectors are considerably
larger than those of the subventral and subdorsal lips, but the subdorsal
and subventral lip sectors are the larger ones in H. schachtii. The histological
anatomy of Meloidogyne hapla was deseribed by Elsea, 1951, who emphasized
the various organ systems rather than the cephalic region. The lip region

1 The two figures are the number of annules the cephalids appear on each side
of the nematode when the specimen is viewed in optical longitudinal section in
lateral or median position. Different numbers within one specimen indicate the
oblique position of the rings.

*30 specimens were examined in each case.

® These specics have been studied only from preserved specimens. I am indebted
for material to Mr. G. Thorne, University of Wisconsin, Madison, Wisconsin; Dr.
M. W. Allen, University of California, Berkeley 4, California; Dr. D. J. Raski and
Dr. B. F. Lownsbery, University of California, Davis, California; Dr. M. B. Harri-
son, Golden Nematode Laboratory, Seaford, New York and Mr. G. Minz, Rehovot.
Tsrael.

* Most of the specimens showed the cephalids in this position.
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Table 1. Location of anterior and posterior ecphalids in various Heterodera species.

Anterior cephalid Posterior cephalid
Number of | Number of
amules annules
posterior to Number of posterior to Number of
Species constriction’ speeimens® | constriction® speeimens®
IL. glycines |
males 3-8 1 8§17 l 3
R 4] T-T7F 17
7T-6 7
6-6 4
larvae 3 -2 B 8-7 1
g—a- 28 7-7" BT
7-6 2
1. schachtii®
males D™ 30 8-8 1
8-7 3
T-7% 17
J T-6 8
6-0 i
larvae -8 4 8-17 2
8. g% 26 T-7% 26
7T-6 o
II. rostochicnsis®
males 3 - 3% 26 88 1
3-2 3 8-7 3
2-2 1 7T-7% 19
7-6 5
6 -6 1
6-5 1
larvae 3 - 3% 30 8-8 1
8§-7 6
T-T7% 29
7-6 1
. cruciferac’
males 4-4 4 10-10 3
4-3 10-9 | 5
3-3* a8 9—-0* 18
9-8 3
A 8-38 1
larvae 3-B* 27 8§-7 ‘ 3
3-2 3 77" 25
7- I B
H. trifolii -
larvae 3-3* 28 9-8 2
it 2 8-8 26
8-17 2
II. cacti®
larvae 4-3 5 10-9 1
3-3* 25 0--9% -4
9-8 ‘ 6
8-8 1
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of Hoplolaimus tylenchiformis was studied by Krueger and Linford, 1957.
None of these authors mentions the existence of the anterior and posterior
rings in the eephalic region.

From the present findings, it may be expeeted that the occurrence of hoth
rings will not be confined to the genera Heterodera and Foplolaimus. It is
likely that further exammation will reveal the presence of these structures
also in other nematode genera. 1t seems therefore justified to name the two
rings. The term “cephalid” (from the Greek xedakn = head) is proposed—
antervior cephalid for the anterior ring and posterior cephalid for the pos-
terior ring—for these strnctures in the cephalie region.

C. IIemizonid

During the study of the anterior and posterior cephalid, it was found that
the hemizonid Is a similar structure. The hemizonid is loeated in the vieinity
of the exeretory pore of a number of nematodes of the order Tylenchida. In
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Fig. 5. Cephalic region of Hoplolaimus tylenchiformis, A—DLateral view. B—
Cross scction at level of anterior eephalid. C—Cross section through body annula-
tion following the anterior cephalid.
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longitudinal view, the hemizonids of Heterodera males and larvae and adults
of Hoplolaimus tylenchiformis appear more or less biconvex and highly re-
fractive (Figs. 6A, 7TA). In econtrast to the cephalids which surround the
hody, the hemizonid deseribes only half a civele on the ventral side, extend-
ing from lateral chord to lateral chord. Like the eephalids, the hemizonid is
characterized by the absence of the striation of cuticular layer (¢) (Figs. 6A,
C; 7TA, B, C).

In males of Heterodera glycines the hemizonid s 2 hody annules in width
and 1is located 3 to 8 annules anterior to the exeretory pore (Fig. 6A). This
vaviation in position is due, in some eases, to the hemizonid not following a

. --80 mM---_ L/
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Tig. 6. HMemizonid of Heterodera glycines males. A—Tongitudinal view. B—
Cross seetion one annule anterior to hemizonid. (—Cross seetion at level of liemi-
zouid. D—~Cross section at level of excretory pore.
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straight course around the body. It stops at the ventral chord and starts at a
different level above or below to complete the semicirele.

In second stage larvae, the hiemizonid has a rather econstant position. It is
situated one annule in front of the excretory pore and is the same width as
this annule.

In Hoplolaimus tylenchiformis the hemizonid is located one body annule in
frout of the exerctory pore and the width is equal to 2 annules.

Fig. 7. Ilemizonid of Hoplolaimus tylenchiformis. A—Longitudinal view. B, C
Cross sccetion at level of hemizonid. D—-Cross scetion 2 annules posterior to
hemizonid.

Copyright © 2011, The Helminthological Society of Washington
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In longitudinal scetions and whole mounts of Heterodera males and second
stage larvae, the hemizonid oceupies layers (¢) and (b) of the cuticle and
borders layer (a) direetly (Fig. 6A, C). In Hoplolaimus, it oceupies only
the striation and part of layer (¢) due to the thickness of this layer (Fig. TA,
B, C).

Cross sections of both nematodes show that the muscles appear shortened
where the hemizonid extends from chord to chord (Figs. :6C; 7B, C).

Since Goodey’s first report on this strueture, the hemizonid has been de-
scribed in most Tylenchida. ITn most genera, its location anterior to the ex-
cretory pore is characteristic. Recently, however, Goodey reported that it
was located about 20 annules posterior to the exeretory pore in Hoplolaimus
proporicus. This wide separation suggests that it 1« unlikely that there 15 any
funetional conneetion between exeretory pore and hemizonid. Despite being
a well defined, shghtly staining structure, the biological function of the hemi-
zonid is not yet understood. In studying the literature and from personal
observations, there is a tendeney for the nerve ring fibers to drift toward the
ventral side into the vieinity of the hemizonid and to disappear there.

Since the hemizonid and cephalids appear to have a similar structure, one
might postulate:

(a) They are assoclated with some sensory perception. In the case of the
cephalids, stimuli are conducted alongside the chords; in the case of
the hemizonid, stimuli pass through the nerve fibers to the ganglia in
the nerve ring (central nervous system).

(b) The structures merely arise from the attachment of organs (chords—
cephalids; nerve ring—hemizonid) to the body wall.

SUMMARY

The external cuticle of males of Heterodera glycines and adults of Hoplo-
laimas tylenchiformis has the same fundamental structure. In the mid region
of the body it consists of three distinet layevs (a, b, and ¢) which are likely
to corrvespond to the cortical, matrix and fiber layers demonstrated in other
nematodes. When both nematode species are treated with 59 sodium hypo-
chlorite all layers of the cuticle except the outermost part of layer (a) arve
dissolved. This part also disintegrates when the specimens are pretreated
with heat suggesting that it constitutes a thermolabile membrane. The inner-
most layer (¢) shows a transverse striation, two annules of which correspond
to one hody annule. This striation starts at the lip constrietion and ends
in the caudal region. It is absent where the chords proceed the length of the
body. It is also missing where cephalids and hemizonid encirele the hody.

The eephalids are highly refractive struetures, biconvex in longitudinal
section and extend around the nematode body in the cephalic region. They
are a common feature in males and second stage larvae of Heterodera species
and have been detected also in adults of Hoplolaimus tylenchiformis. Their
characteristic location behind the lip constriction in Heterodera males and
second stage larvae may be of taxonomie value in certain cases when used in
conjunction with other characters. Upon closer examination it was found that
the hypodermal ¢hords hegin where the cephalids encirele the body: The 2
lateral chords start at the anterior cephalid, the two median chords at the
posterior cephalid. No evidence was obtained as to the histological nature of
the cephalids.

The hemizonid which is common in the order Tylenchida was found to be
similar in strueture as the cephalids. In longitudinal section it appears more
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or less biconvex, highly refractive and is characterized by the absence of the

striation of cuticular layer (e). The only difference from the cephalids is

that it describes half a circle on the ventral side of the nematode hody extend-
ing from lateral chord to lateral chord.

Although they are well defined structures, the biological functions of the
cephalids and hemizonid are not yet understood. It might be postulated that
they either take part in some sensory perception or arise merely from the
attachment of organs to the body wall.

In addition to investigations on the euticular layering, cephalids and hemi-
zonid of males and second stage larvae of Heterodera glycines and adults of
Hoplolaimus tylenchiformis, the lip region, somatie museculature, stylet muscu-
lature and amphids of the anterior region of males of H. glycines are de-
seribed.
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Immunization Threshold in Laboratory Rats Given a Small
Initial Infection of Nippostrongylus muris*

Francis J. HUrLEY

The rapid active immunity developed by lahoratory rats to the nematode
Nippostrongylus muris has been the object of many investigations. These
have shown that during the second week of an initial infection the egg counts
suddenly decrease; the adult worms are gradually lost from the intestine,
with more rapid loss of females than of males; and a marked resistance or
active immunity develops to subsequent infection manifesting itself by a
lowered egg production and a retarded growth of those worms that succeed in
maturing. In all these investigations large infective doses were administered.
The lowest dosage thus far reported is by Graham (1934) who performed one
experiment using fifty larvae. The purpose of this research was to investigate
whether or not an active immunity is manifested by rats against low-grade
infections and superinfections with this parasite.

MATERIALS AND METHODS

The rats used were all albino labhoratory rats between seven and eight weeks
of age at the time of the experiments. The infective larvae of N. muris were
taken from mwoist feces-animal charcoal chamber cultures. All larvae were
taken from eight to ten day old cultures, washed three times in tap water, and
injected subcutancously. The egg counts were made using a modified Stoll
technique for those over 2,000 per day, and the Lane D.C.F. method for those
under 2,000.

EXPERIMENTS AND RBSULTS

A preliminary experiment using four rats was performed to seecure com-
parative data on initial infections produced by four small but different sized
doses of N. muris larvae. Rat #1 was infected with 10 larvae, rat #2 with 20
larvae, rat #3 with 40 larvae, and rat #4 with 80 larvae. The egg count
curves are given in Fig. 1. On the twenty-ninth day after infection the rats
were sacrificed and worm counts made. These small graded doses of N. muris
larvae produced infections that were directly related to the number of larvae
administered in terms of maximum and total numbers of eggs passed. Doses
of 10 and 20 larvae resulted in egg count curves that were low and without
clear indications of an acquired immunity erisis; whereas slightly higher doses
of 40 and 80 larvae produced egg count curves exhibiting the classical sharp
early decrease typical of aequired mmmunity. Rats numbers 1, 2, 3, and 4
were found to harbor on necropsy, respectively, 1, 3, 5, and 7 female worms
and 4, 5, 5, and 11 males.

A second experiment using fourteen rats was performed to examine the
worm burden at intervals during the course of a typical low-grade infection.
All the rats were infected with 20 N. muris larvae and egg counts were made.
Pairs of rats were sacrificed on the 7th, 9th, 12th, 16th, 20th, 24th, and 28th
days of the infection. The worms were counted and a calculation was made
of the number of cggs produced per adult female worm for the twenty-four
hours preceding necropsy. Table 1 summarizes the data from this experiment.
These data show that the egg production of the individual female worms for
the twenty-four hours preceding neeropsy varied with the stage of infection

*From the Department of Biology. Catholic University of America, Washington, D. C.
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at which the hosts were sacrificed. The data do notrimdicate any expulsion of
worms due to the development of acquired immunity, nor a shift in the sex
ratio during the course of the infection.

A third experiment using six rats was performed to observe the effect of
typical low grade initial infections upon subsequent superinfections. All hut
two control rats were initially infected with 20 larvae. Twenty days later two
of these and one coritrol received another dose of 20 larvae, and the course of
the infection was followed for 18 more days. The remaining two infected rats
and the second control were given a dose of 100 larvae 39 days after the
nitial infection and the course of the infection was followed for 28 more
days. The egg count curves of the superinfections were charactevized hv a
series of low peaks rather than by one définite high peak as in the initial in-
fections. Tig. 2 is an example of this contrast as observed in rat #19. Table
2 summarizes the data from this experiment. These data indicate that the
initial infections had produced an active immunity. The resistance to rein-
fection consisted primarily in a retardation of the maturation of the larvae
with the result that the adult female worms hegan egg layving later than in the
previously uninfected control hosts and maintained a rather steady low level
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Figure 1. Comparative course of infections resulting from very small doses of
Nippostrongylus muris larvae. Experiment 1.
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Table 1. Summary of data of Experiment 2 on 14 rats each infeeted with 20 N,
naris larvae and autopsied in pairs at seven different intervals after infection.

Duration of : Eggs per Average eggs
Rat No. infeetion Adults at autopsy female on per female on
& Sex in days Males Females autopsy day autopsy day
5-1¢ 7 2 2 665
6-M 7 1 2 215 440
7R 9 6 5 1,200
8-AL 9 12 6 1,722 1,461
9-M 12 6 9 532
10-I° 12 1 4 1,500 1,016
11-M 16 6 4 737
12-F 16 1 6 650 694
13- 20 B 3 200
14-M 20 b) 8 250 225
15-F 24 4 1 800
16-M 24 4 7 80 440
17-F 28 5 3 287
18-1 28 1 3 283 285

ol egg production. The majority of the adult worms recovered at necropsy
from the test animals were pale and small in contrast to those recovered from
the control animals; the only exceptions being that vat #19 harbored two nor-
mal appearing males, and rat #20 harbored two normal appearing males and
two normal appearing females. These normal adults may have been from
the initial infections.

A fourth experiment using five rats was performed to compare the effect
of Initial doses of 20 and 100 N. muris larvae npon a superinfection with 100
larvae, and to study the longevity of the superinfections. Two of the rats
were given an initial infeetion with 20 larvae and two others with 100 lavvae.
The initial infection was followed for 38 days whereupon all 4 rats and the
control were given 100 larvae and the infection followed for the next 35 days.
The egg count curves of the superinfections in this experiment were similar
to those of the previous experiment in that they were all characterized by
a series of low peaks and a delayed maximum count, except for rat #26 which
had an early maximum count. It is suspeeted that the rise to an early peak
i rat #26 was due to the presence of adult female worms from the initial
infection because the egg conut at the time of superinfection was 1,000 eggs.
The superinfections in the experimental rvats were detectable by egg count
until the termination of the experiment except in the case of rat #25 in which
no ecges were deteeted after the 27th day of' the superinfection.  All of the
adult worms recovered at necropsy in this experiment were pale and small in
contrast to the normal appearing adults recovered from the control. Table 3
sunmnmarizes the data from this experiment. These data show that as in the
previous experiment the superinfections differed quite markedly from the
initial infections, indicating again that the initial infections had produced an
active Tnmmunity.

DiscUssioN

In these experiments, the courses of hoth initial and superinfections caused
by the subeutancous injection of small numbers of N. muris larvae into the
laboratory rat were traced and evaluatetd by daily feeal egg counts and worm
ecounts at neeropsy.

The prepatent period for the initial infections, no matter how small the
infecting dose, was never less than five nor more than six days. This is the
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identical prepatent period that has always been found using higher doses of
infective larvae in laboratory rats. Thus the length of the prepatent period
appears to be independent of the worm burden even in minimal sized infec-
tions.

In all of the initial infections observed in these experiments the peak egg
count was found to have occurred generally on the ninth day after infection.
This is in keeping with the finding of Africa (1931) who gave infections with
as low as 200 larvae, but it is slightly earlier than that observed by Porter
(1935bh) who with 300 larvae found that the peak occurred somewhere be-
tween the 12th and 14th days after infeetion. Chandler (1932) and Graham
(1934) also found that the peak egg count occurred on about the 12th day
after infection. Perhaps the reason that the present minimal doses have been
found to produce earlier peaks is that the less crowded conditions in the lungs
or intestine of the host allowed the parasites more opportunity for early
maturity. In all of the initial infections there was a drop off in the number
of eggs passed once the peak egg count had been reached. From the second
experiment of this series it is evident that this falling off in the case of these
rats given minimal doses of larvae is not due to a drop in the number of
worms present in the rat intestine, as occurs in infections with high doses, but
to a drop off in the number of eggs produced by each adult female worm.
Whether this decrease in egg produection is physiological or due to an immu-
nity factor on the part of the host is not clear.

The fact that laboratory rats infected with an initial dose of N. muris lax-
vae develop an acquired resistance to veinfection or superinfection has been
well established by several investigators: Africa (1931); Schwartz, Alicata,
and Lucker (1931); Chandler (1932); Graham (1934); Spindler (1933);
and Porter (1935a,b). The third experiment of the present study revealed
that this acquired resistance can also he demonstrated by using as few as 20
larvae for the initial dose and 20 or 100 larvae for the superinfective doses.
The fourth experiment indicates that such a minimal initial dose of 20 larvae
produces an immunity that compares equally well with the immunity pro-
duced with 100 larvae.

The active immunity produced in these experiments by small initial doses
of infective N. muris larvae manifested itself against superinfection hy: 1. An
increased development period for the superinfection; 2. A lowered egg pro-

7.
w LA Initial infection
ad
s e Superinfection
i
o 4
53
g
3 24
3
g

I

K 0 15 0
Days after infection

Figure 2. Effeet of an initial infection with 20 N. muris larvae upon a super-

infeetion of 20 larvac given on the 20th day of the initial infection. Rat # 19,
Experiment 3.
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duction which was maintained at a more or less constant level for a long
period; and 3. A retarded growth of those worms which suceeedd in matur-
ing in the intestine.

The finding that the egg production of the worms of the small initial infee-
tions and of the superinfections was so prolonged may well explain the al-
most universal presence of adult N. muris in wild rats (Mus norvegicus)
from dumps or other areas that provide favorable soil conditions with moist
underground tunnels for the incubation of the eggs and the development of
the larvae. The rapid expulsion of worms following infection with high doses
of infective larvae led Afriea (1931) to believe that the laboratory rat is an
abnormal host for N. mauris. 1t is suggested that the wild rat may be no more
the normal host for this parasite than is the laboratory rat. Tt seems likely
that the wild rat, being exposed in nature to very small initial and superinfec-
tive doses of larvae similar to those used in these present experiments, may
harbor a low grade infection with the parasite even though possibly pos-
sessing some degree of immunity.

SUMMARY

Four experiments involving a total of 29 rats were performed to investi-
gate whether or not an acquired immunity is developed in the laboratory rat
by small initial subcutaneous doses of Nippostrongylus muris larvae. By the
use of daily fecal egg counts and worm counts at autopsy, it was demon-
strated that rats initially infected with as few as 20 larvae manifested evi-
dences of acquired immunity against small superinfection doses of 20 and 100
larvae given as much as 38 days after the initial infection. These experiments
indicated that there is no threshold dosage for development of acquired im-
munity in laboratory vats to Nippostrongylus muris. 1t was found that the
adult worms resulting from these minimal initial and superinfection doses re-
mained in the intestine and produced eggs longer than those resulting from
larger doses. Similar phenomena may account for the frequent occurrence
and persistence of this parasite in the wild rat, Mus norvegicus.
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Experimental Infections of Cattle with the Stomach Worms,
Ostertagia ostertagi and Trichostrongylus axei

Ilarry ITERLICH

Regional Animal Disease Researeh Laboratory, Agrieultural Research
Service, U. S. Department of Agriculture, Auburn, Alabama

Of the three species of parasitic nematodes commonly found in the aboma-
sum of eattle in the United States, the pathogenicity of only one, namely,
the twisted stomach worm of the genus IJaemonchus, has been extensively in-
vestigated experimentally, whereas there has heen comparatively little experi-
mental investigation into the pathogenicity of the remaining two species,
namely, Ostertagia ostertagi and Trichostrongylus arei. Threlkeld (1948)
found that repeated administration of infective larvae of 0. ostertagi to calves
over somewhat long intervals resulted in slight changes in some blood values,
and he noted pathologieal lesions that varied in severity with the number of
infective larvae administered as well as with the interval between their ad-
minstration and necropsy of the test animal. Ile did not present any data
pertinent to growth rate. Doran (1953) reported that an inoculum of at least
750,000 infective T'. awei larvae was required to produce clinical symptoms of
parasitism and interference with rate of growth in ecalves.

These results suggest that although both O. ostertagi and 7. waei can be
pathogenie to cattle, neither causes overt manifestation of parasitie disease
unless acquired in massive numbers.  Observations by Threlkeld and Bell
(1952), Bailey and HHerlich (1953), Andrews, Sippel, and Jones (1953),
Bailey and Thorson (1954), and Dikmans and Kates (1955) have shown that
cnormous numbers of these nematodes may be naturally acquired by cattle.
Those investigators have rather conclusively ineriminated 0. ostertagi and T'.
arel as primary or secondary causes of extensive morbidity and mortality
losses in cattle.

Sinee 0. ostertagi and T. arei so trequently oceur simultancously in eattle,
the following study was conducted to observe the effects of experimentally

induced mixed infections and infections with pure cultures of each species.
Procebure

Seventeen grade Jersey calves, raised free of hielminth parasites other than
Strongyloides papillosus and Trichuris sp., were used in four tests begun when
the calves were 18 to 19 weeks old.  The calves were housed in individual
pens with conerete floors.  All calves were fed equal rations of alfalfa hayv
and grain; salt and water were available «d 1ib. Kach animal was weighed
weekly. Feed and water were withheld for 20 hours prior to weighing, in
order to preclude weight fluctuations that might have been caused by con-
sumption of large quantities of' feed and water just hefore weighing.

The strains of O. ostertagi and T. wxei used in these tests were oviginally
isolated from cattle and subsequently maintained at the Regional Lahoratory
by continuons passage through ealves raised helminth-free. The number of
infective larvae for inoculation was determined by dilution counts; the larvae
were administered per os in a small quantity of water by means of a hlow-
pipe attached to a 15-ml. rubber bulb, Single doses of larvae were admin-
istered to all infected calves.

As Doran’s (1955) study showed that administration of 500,000 7. axei in-
fective larvae vesulted in asymptomatic infections, the following doses of
larvae were uvsed in test 1: one calf was given 500,000 O. ostertagi infeetive
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larvae, a second calf received a like number of 7. awxei, a third calf was given
250,000 larvae of each species, and another ealf was left uninfected to serve
as a confrol. In each of the three succeeding tests, shown in table 1, single
species were established with 250,000 larvae and mixed infections with 125,-
000 larvae of each species.

Observations were made on the appetite, fecal consistency, and general
condition of each animal three times daily. Feces were collected three times
weekly and examined for helminth eggs by the DCF technic using a zine sul-
fate solution as the flotation fluid. In the final two tests, blood was collected
weekly for hematological determinations. These included total erythrocyte
count, total and differential leukocyte counts, and packed red cell volumes;
hemoglobin, serum ecaleinm, and serum phosphorus values and total protein
were determined by means of an electric colorimeter.

Except in test 1, where deaths resulted from the infections, all animals
were killed six weeks after infection and the gastrointestinal tracts and asso-
clated organs were examined for evidence of pathological alterations. Nema-
todes were recovered by the technics described by Porter (1942) and Herlich
(1956). The number of worms so recovered from each animal was estimated
by dilution count; it was ealculated from the average of the counts in three
aliquots.

REsvLTs

All of the infected animals in test 1 showed varying degrees of anorexia,
and the feces passed by these calves were abnormally soft to diarrheie during
the second to fourth week of infection. The calf given only O. ostertagi died
23 days after infection. At that time it had lost 16 pounds whereas the eon-
trol had gained seven pounds. The calf infected simultaneously with the two
species died 27 days after infection, at which time it had lost 21 pounds
whereas the control had gained nine pounds. The 7'. axrei-infected calf inter-
mittently continued to display abnormalities in appetite and fecal consistency
until it was killed 70 days after infectiom, when it had lost 33 pounds. The
control calf gained 25 pounds in the same period. The numbers of worms
recovered and percentages of inoculating dose that these represented were as
follows: 0. ostertagi-infected calf—229,840 (46); T. avei-infected calf—
78,200 (16); O. ostertagi-plus-T. axei-infected ¢alf—214,220 (86) and 155,-
780 (62), respectively.

All infected calves in tests 2, 3, and 4 (table 1} showed ahnormalities in
appetite and feeal consistency, generally beginning during the second week
of infection, and in some eases fecal consistency ranging from slight soften-
ing to profuse diarrhea continued to be evident inte the fifth week. Only the
four calves infected with both species of mematedes simultaneously were un-
thrifty in appearance, displaying roughened hair coats, tucked-up bellies, and
general emaciation. They were frequently found lying down and were ex-
tremely slow in responding to efforts to make them rise. These calves passed
abnormal feces and displayed anorexia or more days than the calves with the
single species infections.

At post-mortem, the abomasa of the two calves that died in test 1 showed
definite evidence of gross pathology. These stomachs were extremely edemat-
ous, and the mucosa was extensively studded with nodules typical of O.
ostertagi infections (Porter and Cauthen, 1946) and ringwormlike ulcers
associated with T. axei (Doran, 1955). In addition, a yellowish-green fibri-
nonecrotic membrane covered a large portion of the fundic gland area of
the abomasum of the calf infected with only O. ostertagi. Similar abnormali-
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ties were noted in the abomasa of the infected calves in tests 2, 3, and 4;
however, the pathosis was not so extensive. In these three tests, the abomasa
from calves infected concurrently with both species of nematodes were the
most severely damaged, and all had a purplish diseoloration.

Approximately 99 percent of the worms recovered from each calf in tests
2 to 4 (table 1) were sexually mature adults; the remainder were third- and
fourth-stage larvae. The calves with the mixed infections had more worms
than the ecalves with single species infections with the exception of calf 1447
in test 3. That animal harbored by far the greatest number of worms; how-
ever, it had accidentally acquired an infection with Eimeria zurnii that con-
tributed to its death 32 days after administration of 7. «xei infective larvae.
Therefore, the data for this animal are not included. When the average num-
ber of worms recovered at post-mortem is caleulated as a percentage of the
numbey of infective larvae of each species administered, the average per-
centage for each species was about twice as high in the calves with the mixed
infections as in the calves with single species infeetions (table 1). In general,
in both the single and mixed infections, the percentage of the T. wwei infective
larvae administered that became established and developed into adult worms
was greater than that for 0. ostertagi.

Maximum fecal egg counts ranged from 374 to 2,598 eggs per gram of
feces (K.P.G.), and these were observed from 22 to 42 days after infection.
Final fecal egg counts ranged from 144 to 2,451 K.P.G., with no apparent
correlation between these counts and the numbers of worms recovered; e.g.,
calves 1452 and 1449 showed almost comparable egg counts, and yet the
former calf actually had only about one-ninth as many worms as the latter
(table 1).

The calves infected with T'. axei or O. ostertugi In tests 2 to 4 all gained
weight during the six weeks of observations; however, their gains were
markedly less than those of the controls (table 1). On the other hand, all
four calves with the mixed infections actually lost weight. Retardation in rate
of gain for all infected calves appeared with the onset of clinical symptoms
of parasitism during the seceond week of infection. In the case of the animals
with single species infections, the weights recorded two wecks after larvae
were administered remained virtually unchanged during the final four wecks
of the experiment, whereas the weights of the ecalves with the mixed infee-
tions showed this same plateaun effect from the second through the fourth
week of infection and then declined during the fifth and sixth weeks.

Changes oecurring in the blood cell indices as well as in the levels of «al-
cium, phosporous, and total protein in serum of the variously infected calves
were not marked or consistent, did not appear to be correlated with the
number of species of nematodes harbored, and were not significantly different
from those ohserved in the uninfected controls.

DisCcUssIoN

The results of the foregoing experiments conclusively confirmed the patho-
genicity of 0. ostertagi and T. awei to cattle, and they further showed that
one-half million infective larvae of the former species may be lethal to cattle,
whereas a like number of the latter species was not. At sublethal levels of
infection, the two species caused retardation in rate of gain of almost the
same magnitude despite the fact that far more 7. «wei than 0. ostertagi were
recovered at post-mortem and in spite of the fact that the T. awei-infected
calves pased abnormal feces and showed evidence of anorexia on more days
than the O. ostertagi-infected calves. These results suggest that 0. ostertagi
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is the more pathogenic of the two species, and indicate that some factor or
Factors in addition to interference with appetite may be responsible for re-
tarded growth. Gibson (1955) reported that some factor in addition to de-
pression in appetite operated to cause losses in weight in Jambs experimen-
tally infected with 7. awel. C

Most significantly revealed in these tests was the faet that simultaneous
infections with both species were far more pathogenic to calves than pure
infections with either species alone. Similar observations were made by
Kates and Turner (1953 a,bh) who worked with dual combinations of Nemato-
dirus spathiger, T. colubriformis, and II. contortus. Earlier work by Fourie
(1931) indicated that clinical parasitism was produced with great difficulty
in lamhs by administration of infective larvae of only a single species of
nematode, whereas the syndrome of parasitic disease was easily reproduced
by administration of a mixture of infective larvae of several species of
nematodes. No explanation was offered by the aforementioned authors for
the reported additive detrimental effects on the lambs. In this study, it
appears that the mixed infections caused a greater pathogenie effect than
the single infections hecause more worms hecame established following admin-
istration of larvae of hoth species than following administration of the same
total number of larvae of either species alone. When the number of worms
recovered was calculated as the percentage of the infective larvae admin-
istered, the average for the ealves with the mixed infections was about two
times greater than the average percentage for each of the respective species
when given singly.

In these experiments, T'. axei proved to he pathogenic to ealves in infective
doses that failed to affect calves in the study conducted by Doran (1955).
That investigator and the writer used different strains of 7. aarei and different
breeds of cattle, whereas the nutriments turnished were essentially the same.
Concerning the strains of nematodes used, it is pertinent to note that when
the writer (Herlich, in press) infected lambs with this same bovine strain of
T. awei, the effects produced were far milder than those noted by Turner
and Kates (1954) who nsed another bovine strain o’ 7. axei in lambs, In
those two studies the breed of the host animal also differed. In view of the
fact that the 7. axei strain employed hy this writer was more pathogenie
to calves than the strain used by Doran (1955) but less detrimental to sheep
than that used by Turner and Kates (1954), one is inelined to conclude that
the various breeds of cattle and sheep differ in their ability to vesist the
effects of different strains of this nematode. Stewart et al. (1937) presented
evidence of a breced difference in the resistance of sheep to 0. circumeincta.

The absence of any consistent or significant changes in hlood components
in any animals in tests 3 and 4 is in agreement with the absence of any
change in hemoglobin level and packed red cell volme in Doran’s (1955) T.
arei-infected calves. In contrast, however, Bailey (1935) stated that T. axed
and 0. ostertagi ave both hloodsucking parasites and that aunemia is a con-
sistent symptom of ostertagiasis. Similarly, Threlkeld (1948) and Martin et
al. (1957) indicated that cattle infeeted with O. ostertagi are mildly anenie.
The latter authors also reported that serum proteins, notably albumin, were
reduced in cattle with severe ehronie diarrhea caused by 0. ostertagi. Shumard
(1957 a) found that lambs with fatal infections of I'. axei exereted potassium,
saleium, phaosphorus, and protein nitrogen in excess of the amounts eon-
sunied, and in lethal mixed infections with H. contortus, T. colubriformis, and
N. spathiger (1957 b), he observed a deecrease in level of serum phosphorus
and total protein. The absence of similar changes in the sera of the calves in
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the present study suggests that such abnormalities may he assoqiated only
with fatal or chronically severe infections,
SUMMARY
In a series of experiments in which grade Jersey calves were experimentally
infected with 0. ostertagi or T. axei or a combination of both speecies, it
appeared that the first-named species was the more pathogenic. The results
of the tests showed that a combination of the two species was markedly more
deterimental to calves than either species alone. The additive deleterious
effects apparently were due to the fact that the mixed infections seemed to
enhance the ability of a greater percentage of the infective larvae of hoth
species to hecome established and subsequently to develop into adult worms
in the host.
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Symptom Expression of Fusarium Wilt Disease of the Gros Michel
Banana in the Presence of Radopholus similis (Cobb, 1893)
Thorne, 1949 and Meloidogyne incognita acrita Chitwood, 1949

Crive A. Loos*

The association of nematodes and mieroorganisms in plant diseases is not a
new concept. Sasser et «l (1955) demonstrated the relationship of a root-knot
nematode, Meloidogyne incognita acrita Chitwood, 1949, to black shank dis-
ease of tohaceco. Reynolds and Hanson (1957) indieated that the incidence
of postemergence damping-oft disease of cotton, caused by the fungus Rhizoc-
tonia solani Kuehn, was affected by the same nematode. Holdeman and Gra-
ham (1952) showed that the sting nematode, Belonolaimus gracilis Steiner,
1949, facilitated the development of Fusarium wilt both in susceptible and
resistant cotton. Luecas et al (1955) found that Meloidogyne incognita acrita
as well as mechanical wounding increased the symptom expression of Gran-
ville wilt of tobacco. Stewart and Schindler (1956) found that five root-knot
species or the ectoparasitic nematode, Helicotylenchus nannus Steiner, 1945,
increased the rate of carnation wilt in the presence of the bacterium, Pseudo-
monas caryophylli Burk., Crosse and Pitcher (1952) -inoculated strawberry
plants with a combination of one or other of the nematodes Aphelenchoides
ritzema-bosi (Schwartz, 1911). Steiner and Buhrer, 1932, or 4. fragarie
Ritz. Bos, 1391) Christie, 1932, with the bacterium Corynebacterium fascians
(Tilford) Dowson and caused typical symptoms of cauliflower disease on
the plants.

Fusarium wilt disease, or the more commonly termed ‘Panama disease’ of
bananas, caused by the fungus Fusarium oxysporum Schlecht. f. cubense
(E. F. Sm.) Snyder et Hanson, is responsible for widespread destruction of
Gros Michel variety bananas. A nematode survey of disease-ridden areas in
the Bocas District of the Republic of Panama showed that the burrowing
nematode, Radopholus similis (Cobh, 1893) Thorne, 1949, which oceurs in
lesions formed in the cortical tissues of the roots and rhizomes, was the most
common plant-parasitic form present. Also a common occurrence, but less
frequently encountered, were the root-knot species, Meloidogyne incognita
acrita and M. arenaria (Neal, 1889) Chitwood, 1949, which usually form
small galls at the tips of the smaller roots and oecasionally large galls, 145 to
% inch in diameter, in the larger roots. Many ectoparasitic nematodes were
also observed in soil and root washings, principal among them heing Heli-
cotylenchus erythrinae (Zimmerm. 1904) Golden, 1956, H. multicinctus (Cobb,
1893), Golden, 1936, Hemicycliophora and Paratylenchus spp. Baeteria-
consuming forms of the genera Cephalobus, Rhabditis, Panagrolaimus, Acro-
beles as well as the predatory Mononchus spp. were coumonly encountered.

The two endoparasites, R. similis and M. incognita acrita, were selected for
further study as possible agents in the spread of Panama disease hecause of
their widespread distribution and the frequency with which they are found
in the root system of Fusarium-wilted plants.

Rhizomes from which the Gros Michel banana is propagated may earry
R. similis in reddish-brown to black lesions up to an inch or more deep into
the soft cortical tissues. The roots may carry R. similis, root-knot and ecto-
parasitic nematodes.

*Plant Pathologist and Nematologist, Dept. of Plant Pathology, Changuinola Research Sta-
tion, Chiriqui Land Cempany (a subsidiary of United Fruit Co.) Almirante, Rep. of Panama.

I am indebted to Dr. D. Mason of the Institute of Statistics of the North Carolina State
College for his interpretation of the statistical analyses. To Mrs. C. A. Loos grateful thanks
are offered for help and encouragement during the progress of the experiments and in writing
the manuscript.
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Loos (1957) and Stover (1957) suggested that root injury aided infeetion
with F. oxysporum f. cubense. Stover demonstrated that injury to the soot
system by trenching in the presence of diseased material encouraged the early
development of disease symptoms. Newhall (1958) endeavoured to prove a
relationship between F. oxysporum f. cubense, the burrowing nematode and
unidentified root-knot species collected from galls on tomato plants growing
in the ficlds. He used three-foot diameter tanks to which he transferred
rooted banana rhizomes and continued to replace ecasualties, for some. con-
siderable time, with more rooted plants. Those transfers and replacements
would have caused damage to the roots, a condition which predisposes the root
to infection with the fungus. Practices by which the plant roots could bhe
mechanically injured were, therefore, eliminated in the experiment described
in this paper.

MATERIALS AND METHODS

One hundred and forty six concrete tanks, 18 inches in diameter and 24
inches high, were placed on a cement floor in three rows of 50, 50 and 46
tanks respectively. A layer of horticultural asphalt was applied to the inside
of each tank and a four-ineh layer of washed stone rubble (¥4 to 114 inches
i diameter) was placed in the bottom to facilitate draining. The tanks were
filled with light sandy-loam soil sifted through a one-quarter inch mesh sereen
and well mixed. The soil pH was 6.2. The soil in the tanks was fumigated
with Dowfume MC2, at the rate of one pound of fumigant to four tanks.
The soil was found to be fungus-sterile and nematode-free after fumigation.

The experiment was set up for the following treatments:

Treatment A. R. similis plus F. oxysporum f. cubense.

Treatinent B. R. similis alone.

Treatment C. M..incognita acrita plus F. oxysporum t. cubense,

Treatment D. M. incognita aerita alone,

Treatment E. F. oxysporum f. enbense alone.

Treatment F. Check: No fungus or nematodes.

Two weeks after.funrgation the tanks were planted with nematode-freed
rhizomes, each under éne pound in weight. This planting enabled a build-up
of the desired nematode population in the appropriate tanks and also allowed
time for a reversion of the fumigated soil to.a more halanced soil floral status.
Radopholus infected tissue was obtained from banana rhizomes from areas
where Panama disease was not abundant. 'Fhe rhizomes. were well washed
and then trimmed- of roots to eliminate both root-knot and ectoparasitie
neniatodes, after whieh a thin layer of the rhizome was cut away to expose
the typical :Radopholiis lesions. These lesions were cut out and chopped into
small pieces. One-half pound of this inoculum, which contained about 30,000
nematodes and an undetermined number of eggs, was dug into;the soil around
the recently planted rhizomes in the 50 tanks of treatments A and B. M.
meognite acritd-nfected banana roots were washed, surface-sterilized for 5
minutes in 10 per cent Clorox (contaiming0.525% sodium hyvpochlorite) and
comminuted in-a. Waring Blendor. The 'comminuted material was diluted
with water to facilitate handling and equal portions were added to the soil
around the planted rhizomes in tanks .of treatments C and D. At the same
time four tomato seedlings were planted in those tanks to huild up a root-
knot population. Five weeks later the tomato plants were cut back to collar
level, the banana plants in all the tanks were. uprooted and the roots were
incorporated back into the soil. The rhizonies, many of which carried severe
infections of a haecterial rot, were discarded. - 1
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Table 1. Number of plants showing severe head vot, germination failure and the
final total of replieates in each treatment.

Tuitial Tinal

no. of (ases of Germination total of

Treatment replicates severe rot failures replicates
A . 25 3 1 21
B i 4 2 19
C 25 4 1 20
D 25 4 1 20
|- . 25 1 | 23
o - 21 1 2 18
Total 146 17 8 121

“Button seed” plants for the final plantings were grown from large rhizome
sections or “bulllieads” (Anon. 1957) off plants that had produced fruit. The
bullheads were washed, trimmed of all roots, and then cut into dises contain-
g about four inches of the rhizome and six inches of the pscudostem. These
dises were placed 8 to 10 inches apart on a cement floor, covered with saw-
dust and kept damp. The “buttons” developed into vigorously growing plants
after about two weeks. When these plants were about 2 feet high and had
formed a rhizome about 1% lbs. in weight they were ready for use as “seced.”
The plant was cut away from the dise, the rhizome trimmed of roots and dis-
colored tissue and the pseudostem eut back to within 2 to 3 inches of the
rhizome. The trimming ecaused a shellac-like exudation which set hard and
formed a protective covering around the trimmed tissues. These nematode-
freed seed were air-dried for 24 hours before they were planted in the tanks.
The tanks were weeded every third day throughout the ecourse of' the experi-
ment to avoid root disturbance of the growing banana plant.

After seven weeks, a period sufficiently long for a build-up of nematode
populations and their resultant damage to the roots, the tanks in treatments A,
C and E were inoculated with a culture of F. orysporum f. cubense. The 8
week old eulture was grown in sawdust-cornmeal (5%). One hundred and
eighty-five grams of inoculun, each gram eontaining ahout ten million spores,
was added to the soil surface and the tank was watered heavily to encourage
seeping in of the spores. When the excess water drained, one-half ineh of
sterilized soil was added to the top of the tank. A second inoculation was
made four weeks later using one pound of a 4 week old sand-cornmeal (5%)
culture. In this case, too, the inoculum was spread on the soil surface and
the tank watered heavily. This second inoculation hrought the total spore
application to about 14 million per square inch of soil.

Resuvnrs

Tanks in which rhizomes tailed to sprout or where rhizome rot was so severe
as to cause undesirable complications in the expression of results were not
included in the experiment. However, 19 cases of very light rhizome rot were
included. The number of replicates in each treatment at the commencement
of the experiment, cases of severe rhizome rot, and the final total of replicates
are summarized in Table 1.

Twenty-three plants were washed from the tanks when they were about 14
weeks old (7 weeks after inoculation with the Fusarium culture). All of five
plants examined in the A treatment (R. similis plus Fusarium) were severely
wilt diseased; two were diseased and two healthy in the C treatment (Meloi-
dogyne plus Fusarium) ; four were diseased and two healthy in the E treat-
ment (Fusarium alone).
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TAaBLE 2. Rosults of treatments. Plants about 19 weeks old and 12 weeks after
first and 8 weeks after the seeond, inoculation with Fusarinm wilt fungus.

No. of No. of plants
No. of Fusarinm tfree of
Treatments replications wilted plants  Fousariom wilt
AL Radopholus similis plus fuugus 16 16 0
B. Radopholus 2loune ... 15 0 15
C. Meloidogyne incognita acrita
plus fungus . 16 16 0
D. Mcloidogyne alone 19 0 16
E. Fungus alone .. 19 18 1
1. Check. No fungus or nematodes 13 0 13

Table 2 shows the results of' the final examination when the plants were
about 19 weeks old. Treatment A, (" and ¥ had received two inoculations with
the Fusarinm fungus. At the high level of moeculum of 14 million spores per
squave ineh of soil all plants exeept one 1 the series to which fungus inocu-
lunt was added, were wilt diseased.  None of the plants in the series B, D and
I¢ which did not rveceive the Fusarinm inoculum hecame diseased.

TreaTyMENT AL, R similis plus F.oorysporwm [ enbense: A marked feature
was the rapidity of mfection and the severity of disease expression. IFour of
the 16 plants became visnally diseased only six weeks after moculation with
the fungus. Two weeks later all the plants were severely diseased.  The
pseudostem split longitudinally from just above the collar, the split extend-
ing 6 to 14 inches up the plant (IMig. 1-B). The lower leaves yellowed pre-
maturely and the typical Panama disease fiber discoloration, seen in cross
section of the leat sheath, was a marked teature. The characteristic brown-
ish-red discolorations of the vasenlar tissues of the rhizome were very promi-
nent (Iig. 1-D).

Bl

Fig. 1. A, Gros Michel banana plant, T4 weeks old and 7 weeks after inoculation
with Fusariun ocysporum £, cnbense culture.  Although the rhizome was diseased
thiere were no wilt syimptoms on the aerial portion of the plant. B, Same age as
A, Luoculated with Radopholus similis in addition to F. oxysporum f. cubense,
Note the severe splitting of the psceudo-stem which was o characteristic carly
symptom of wilt disease in the presence of that nematode. C. Rhizome of a check
plant, 14 weeks old, split to show healthy tissue. Note profuse root formation.
D. Split section of rhizome of plant shown in Fig. B. Note the wilt disease symyp-
tom shown as severe discoloration of the stelar region.

Copyright © 2011, The Helminthological Society of Washington
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TreaTMENT C., M. incognite aervita, plus Fusariwm: The severe disease
symptoms of Fusarinm wilt, expressed as premature vellowing of the leaves
and splitting of' the pseudostem appeared on only a few plants. The time
imterval between inoculation and symptom expression was longer than in
Treatment A. Five of the 16 plants developed severe visual symptoms 10
weeks after moculation. Finally, 8 of the 16 plants became visually diseased,
though at the end of the expertment all 16 carried disease symptoms in the
rhizome.

TriamreNT 1., K. ooaysporum [ cubense alone: The tanks in this series
carried healthy looking plants, except for three plants which developed the
characteristic splitting of the pseudostem. Disease expression developed 10
weeks after inoculation.  Many of the rhizomes showed only a trace of
Fusarium infection; in many of the plants it was not possible to diagnose
the wilt disease rom visual appearance of the aerial growth (IFFig. 1-A).
Diagnosis was dependent on examination of split rhizomes.  Several isola-
tions were made from diseased material and the isolates identified as F.
oaysporum 1. cubense,

TreararextTs B, D, axp Curck F: Not one of the 47 plants not inoculated
with Fusariwm developed wilt-disease symptoms.  The roots of the check
plants were free of nematode infections (Fig. 1-C). There was no doubt,
from the results of titese examinations, that fumigation of the soil and trim-
ming of the rhizome effectively removed fungus and nematode contaminations,

DAMAGE ATTRIBUTED TO NEMATODES
Table 3 shows the growth of plants 13 weeks old, measured from collar
level to the fork at the two upper-most opened leaves. The addition of the
Fusarivm to plants alveady iufeeted with a specifiec nematode did not affect
growth, nor was there a difference hetween c¢hieek plants and those inoculated
with the fungus alone.

Table 3. Growth of Gros Michel hanana plants over a 13 wecek period as affected

by inoewlations of: Radoplholus similis plus Fusarium oxysporum tocubense fungus

(A); R. similis alone (B); Meloidogyne incognita aerita plus F. oxysporum f.

enbense (C); M. incognita acrita alone (D)5 F. oxyspornm £. enbense alone (18);
and Checks ().

Treatments A B C D i) ¥
No. of replicates 21 19 19 2] 23 18
Mean height (inehes) . 18.0 19.1 15.7 14.9 20.8 19.3
SX R 0.36 0.43 0.58 0.63 0.54 0.68
oV ( 0.9 0.10 0.16 0.19 0.13 0.15

There are, however, measurable differences between the M. incognita aerita
(C, D) and the nematode-free series (K, ¥). There is no doubt that the
growth of these nematode-free plants was superior to that of the Melvido-
gvne infeeted plants (Fig. 2-A) and that such difference is real (P<.01).
Growth differences of considerably smaller magnitude but still statistically
significant were observed between Meloidogyne (C, D) and Radopholus (A,
B) treatments and also in the comparison of the Radopholus (A, B) with the
nematode-tree (K, I') treatments. At the final examination of the surviving
plants, after 19 weeks growth, the severely wilt-diseased plants, i treat-
ments which had Fusarinm inoculations, had ceased to grow. However, the
significant difference between growth of Meloidogyne infeeted (treatment 1)
and the check plants was maintained, though visually it was not so appavent
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as at the observation at the 13th week. Ou the other hand, the Radopholus
infected plants (treatment B) were measarably smaller and showed a signifi-
cant falling off of growth in comparison with the checks. At the end of the
experiment {19 weeks) the nematode infeeted plants were obviously smaller
than the checks.

R. ~ximidis imfection caused severe root destruction and wutilation (Fie.
2-B). The roots still attached to the rhizomes carrvied numerous lesions, many
ot which were up to 2 inches long and had conipletely girdled the root.

Tapre 4. Weights of roots and of total plants in treatment A (Radopholus similis
plus Fusariom orysporum t. cubense) and 1 (F. ovysporum f, cubense alone) at
termination of experiment.  Plants 19 weeks old.

Root Weights Total Plant Weights
Treatments A 1< A I
No. of replicates 15 15 15 15
Range in weights (o0zs.). 8-29 96-132 104-216
AMean weight (ozs.) 22,7 118.9 154 4
S . 1.36 3.06 8.56
CoV. (%) 0.23 0.10 0.21

The lestons contained large numbers of Radopholus adults, larvace and eggs.
The type of damage was typical of that deseribed tor field conditions (1957).
The small roots, so abundant in the series of plants which were nematode-
free, were almost completely ahsent or dead v the Radopholus mfected
plants. Table 4 shows the comparative root and total plant weights of treat-
nient A (R, similis plus F. oorpsporwem) and treatment ¥ (F. orysporiem
alone). The mean weight of the nematode-free plant roots is considerably
greater than that of the Radopholus infected plants.

Table 5 shows the number of living roots over 3 mehes long, on plants of
treatment A (Radopholus plus Fusarium); B (Meloidogyne plus Fusariim)
and ¥ (Fusarinm alone), comnted when plants were 19 weeks old. The mean
number of roots on plauts in the Radopholus series is about one-third of that
in the Meloidogyne infected plants and about one-fifth that of the nematode-
free series.

Table 5. Number of living roots present on plants of treatments A (Radopholus

similis plus Fusarinm orysporum f. cubense), C (Mcloidogyne incognita acrita

plus 7. oxyspornm t. cubense) and 18 (F. oxysporinm f. cubense aloue). Plants
examined when 19 weeks old.

Treatment A & 1
No. of repHeates 12 13 13
Range in number of roots.__.. 12-59 59-85 87-200
Mean of root numbers 2 28.8 70.9 139.5
SX R— 4.35 2.5 9.6

The numhber of roots present in the Radopholus infeeted plants 1s significantly
smaller than that of the Meloidogyne infeeted plants; in turn the root system
of the Meloidogyne infected plants is smaller than that of the nematode-free
plants.  The differences are highly significant (17<<.01).

D1scussioN
Infection of Gros Michel plant roots with either R. similis ov M. incognita
aerita was not a pre-requisite to wilt disease infection when the F. oxysporum
f. cubense fungus inoenlun was at a high level. When the plant roots were
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Fig. 2. A. Comparative growth of plants 11 weeks old, infected with Meloidogyne
incognita acrita and nematode-free. Plants in the row on the right of the picture
were Meloidogyne infeeted. B, Root systems of Radopholus similis infected
(right) and Nematode-tfree check (left) plants. Plants 19 weeks old. €. ““ Button
Seed '’ rhizome pared of outer fissue to expose L. similis lesious in the rhizome
cortical tissues.
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heavily infected with R. similis, the disease expression was aggravated and
the period between inoeulation and the appearance of marked disease synip-
toms was considerably shortened, though the final result of disease incidence
was not affected.  Unfortunately little is known of the lowest spore popula-
tion in the soil capable of producing disease symptoms in banana plants.
Stover (1957) eonsidered that populations below 500 spores per gram of soil
camnot he aceurately determined by soil dilution plates and that the low con-
centrations of spores in soil makes detection on plates remote. Fourteen mil-
lion spores to a square ineh of soil in fairly even distribution over a confined
surface 1s extremely heavy mmoculum.  Kven under those conditions the dif'-
ferenee in rapidity of onset of disease symptonr expression in the presence
of R. similis was most marked.

In these experiments, the destructive nature of R. ~ximilix on hbanana roots
was manifested. The depleted root system of heavily infected plants must re-
strict the assimilation of plant nutrients as well as weaken the plant’s anchor-
age. The result of this inadequate anchorage becomes abundantly evident on
infested fields as plant ‘uproots’ or ‘tip-overs” The pull exerted hy the
weight of a developing fruit or the light push of a gust of wind is often
sufficient to uproot the plant. On the other hand, the profuse unlesioned
root system of nematode-free plants must contribute effectively to the setting
of large fruit and a stand of plants which would not uproot except under
extremely heavy gusts of wind.

SUMMARY

Infection of Gros Michel banana roots with either the burrowing nematode,
Radopholus similis or the root-knot nematode Meloidogiie incognita acrita
was not a prerequisite to wilt disease infeetion when spores of Fusarium
oxysporum 1. cubense, from culture, were added at the inoculation level of 14
million spores per square ineh of soil and drenched in with water. When the
plant roots were heavily infected with R. similis, the period between inoeula-
tion and appearance of disease symptoms was considerably shortened, though
final result of discase ineidence was not affected at this high imoculum level.

R. similis caused severe lesioning and destruction of banana roots.  The
root system was severely depleted and plant growth affected.  The nematode
caused larze tesions which often girdled the root and extended through the
cortical tissues to the stele.
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The Histology of the Prostate Mass in the Genus Acanthatrium
(Trematoda: Lecithodendriidae).*

23

Troxas C. CRENG

The members of the trematode genus Acanthatrivon Faust, 1919, can be
recognized by the presence of a genital atrium lined and/or bordered with
spines and numerous prostate cells surrounding the atrium. The other generie
characteristies were given by Cheng (1957) in the revised form. In the same
paper Cheng pointed out that the main criterion for distinguishing this genus
from the related genera, i.e. Pyenoporus Looss, 18995 Prosthodendyivm Doll-
fus, 1931 Lecithodendrivm Looss, 1899; Paralecithodendrivm Dollfus, 1931,
Phaneropsolus Looss, 18995 and Pardbascus Looss, 1907, all of which are in-
testinal parasites of mammals, is the presence of the spinous atrium. The
presence of th prostate mass also occeurs in the first four velated genera. This
peculiar glandular mass, which is observed to lie dorsad to the genital atrinm,
undoubtedly serves the same funetion as the prostate glands which are usually
found enclosed within the cirrus pouch in trematodes which possess this latter
organ. The histological make-up of the prostate mass has never -been reported
and because of its peculiarity, warrants investigation.

Several specimens ot Acanthatrivm pipistrelli Macy, 1940 and A, oligacan-
thiem Cheng, 1957, recovered from their hat hosts in Albemarle County, Vir-
@inia, were fixed m Carnoy’s (6:1:1), sectioned at 10 microns in thickuness,
and stained with Mallory’s Triple.

I1sToLoGIeAL OBSERVATIONS

Observations on sections cut through the level of the genital atrium and
prostate mass in hoth species revealed a similar arrangement of the mmternal
structures but with some variations.  The interior of the atrial wall is lined
with spines.  In . pipistrelli this wall, measuring 0.008-0.011 mm. in thick-
ness, 1s of a homogeneous, non-cetlular nature and stains the same color as
the atrial spines. In A. oligacanthwm the wall is thinner and less obvious.

“Contribution from Mountain Take Biological Station, University of Virginia and the
Department of Histology and IKmbryology, Dental School, University of Maryland. The re-
search was made possible (in part) through the National Science Foundation Award (Grant-
2086), Summer, 1958,

**Present address Department of Histology & Embryology, Dental School, University of
Maryland, Baltimore, Maryland.
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The spines, which are dirvected inward toward the atrial space in hoth species,
appear as projections of the atrial wall rather than as independent strue-
tures imbedded in the wall. Surrounding the atrium is a compact layer of
simple single-celled glands, 0.05-0.08 mm. in length, which empty into the
atrium. These glands might he termed “auxillary prostate glands” since they
presumably serve the same function as the glands of the main hody of the
prostate mass.

Filling the intra-glandular spaces, surrounding the atrium, are strands of
connective fibers and musele cells and which demonstrate the staining char-
acteristies ol such as desceribed by Gatenby and Beams (1950).

Lying mmmediately dorsad to the atrium is the ejaculatory duct which is the
distal portion of the vas deferens in Acanthatrivm since in the members of

Figure 1. Cross section of Adcanthatrium eptesici through the level of the genital
atriu mand prostate mass. Camera lueida drawing. GA. Genital atrium; ED.
Ljaculatory duct; PG. Prostate glands; AS. Prostate sac; T. Testis; V. Vitelline
gland.

Figure 2. Cross scetion of A. oligacanthum through the level of the genital
atrium and prostate mass. Camera lueida drawing. GA. Genital atrium; ED.
Ejaculatory duet; T. Testis; AS. Prostate sac; PG. Prostate glands; V. Vitelline
gland.
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this genus no cirrus and/or eirrus pouch are present. This duct empties into
the atrium dorsally. The diameter of the duct measures 0.022 mm. in 4.
pipistrelli and 0.016 mm. i . oligacanthum.

In A. pipistrelli, Iving immediately dorsad to the atrium, 1s a large saceular
body, the prostate mass, which measures about 0.35 mm. in depth and about
0.25 mm. in width. The glandular mass, enclosed within an extremely thin
hyaline membrane, consists of simple secretory cells which are lancet-shaped
and measure about 0.05 mm. in width at the broadest point and 0.17-0.34 mm.
in length. The nueclei of these seeretory cells are distinet and lie in the wider
extremity of the cells, which is that end distad from the point of seeretion.
The tubular extremities of the cells empty separately into the genital atrium
through an opening on the dorsal atrial wall adjacent to the e¢jaculatory duct
opening.

In A. oligacanthum the prostate mass, enveloped m a simlar hyaline mem-
brane, is approximately 1 mm. wide and 0.08-0.145 mm. deep, and the pros-
tate cells are about 0.09 mm. wide and 0.37-0.50 mm. long. These empty indi-
vidually into the ejaculatory dnet before the latter enters the genital atrium.
The area occupied by the secretory eells is less extensive in A, oligacanthum
where a definite space between the cells and the membranous wall is apparent.

In both species the uterus enters the genital atrium independently through
the dorsal wall of the atrium at a point posterior to the level at which the
ejaculatory duct enters.

The atrial spines, which appear to be identical in composition with the non-
cellular atrial wall, are actually projections of and continuous with the sur-
face of the wall. Their staining characteristics differ from that of the cuticle.
The lining of the genital atrium is not continuous with the cuticle but lies
within the cuticle and opens out to the body surface through the genital pore.
The diameter of the atrial space was ohserved to be consistent in several
specimens sectioned at the same level thus suggesting the non-elastic nature
of the wall.

DiscussioN

These histological ohservations point out several differences in the morphol-
ogy of Aeanthatrivm pipistrelli and A. oligacanthum. In the former, the
atrial wall is thick and clearly visible, the ejaculatory duet and prostate
glands empty independently into the genital atriwm, and the prostate glands
are larger. In A. oligacanthum the atrial wall is not as readily visible, the
prostate glands empty into the ejaculatory duet prior to the latter’s entrance
ito the genital atrium, the prostate glands are smaller and they occupy less
of the space within the membranous wall of the mass.

From the standpoint of phylogeny, the arrangement of the male reprodue-
tive system as found in the members of Acanthatrium is postulated to he more
primitive than that found in Phaneropsolus and Parabascus where a well de-
veloped cirrus pouch, enclosing the eirrus and prostate glands, is present.
The genus Acanthatrivm is generally accepted as a member of Lecithoden-
driidae Odhner, 1910, and the presence of this presmmably primitive prostate
mass suggests that it may be considered one of the lower forms of this family.
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Experimental Strongyloidiasis in Sheep and Goats. III. An

Attempt to Induce Passive Immunity in Lambs; Changes in

Serum Proteins after Infection; and Effect of Imnmune Serum
on Infective Larvae*

JaMes H. TtrNER

Animal Disease and Parasite Research Division, Agricultural Research Service,
U. S. Department of Agriculture, Beltsville, Maryland

The writer (1956, 1959h) reported that, when large numbers of infective
larvae of Strongyloides pupillosis, ordinarily lethal when given as a single
dose, were administered in divided doses over a period of 20 days to lambs,
resistance to infection rapidly developed. Subhsequently, an experiment was
designed to ascertain the mechanism of the immune response in lambs to S.
papillosus by studying the serological as well as the elinical reactions to the
course of infection in lambs previously transfused with serum from a sheep
refractive to infeetion with this nematode. The primary purpose of this
paper is to present the results obtained on passive immunity, which were pre-
viously reported by the writer in abstract (1957).

A few attempts have heen made to passively immunize animals to infection
with Strongyloides spp. Sandground (1928) was unsuccessful in several at-
tempts to immunize dogs against S. stercoralis by intravenous inoculation with
serum obtained from an immune dog, and concluded that the mechanism of
immunity did not lie in the blood. Iowever, Lawler (1940) obtained some
degree of immunity to S. ratti by inoculations of plasma from hyperimmune
rats into susceptible rats, and coneluded that the plasma probably contained
protective substances. ‘

Some investigators employed in vitro tests, in which infective larvae were
immersed m immune serum in order to determine the presence of antibodies.
Sandground (1928) concluded that sera from dogs and cats immune to S.
stercoralis were not the lethal agents in immunized animals, as no changes
were noted in larvae exposed to such sera. Lawler (1940), however, stated
that in vitro tests indicated that the plasma from rats immune to S. ratti
derived some of its protective value from its ability to precipitate the meta-
bolie products of the infective larvae. Having this work in mind, the writer
carried out similar i vitro tests with immune sera and infective larvae of S.
papillosus during the course of this work.

In recent years electrophoresis has been employed to study host response
to parasitic infection (Stauber, 1954). These studies showed that acute and
chronie parasitic infections led chiefly to decreases in the albumin component
of sera and some compensatory inereases in one or more of the globulin frac-
tions. The details vary with the parasite and the host species involved. Tt is
well known that in man and ammals antibodies are usually bound to, or are
identical with, serum proteins of the gamma globulin fraction, whercas only
a few antibodies have been identified with the heta globulin fraction (Thor-
hecke and Keuning, 1956). As little information is available from electro-
phoretic studies of serum proteins of parasitized sheep, such studies were
made on the principals and controls of this experiment on passive immuni-
zation,

#Thix paper is part of a thesis submitted to the Graduate Sehool, University of Maryland,
in partial fulfillment of the requirements for the degree of doctor of philosophy.

The writer is indebted to Mr. Grant 1. Wilson for assistance in many phases of this work,
to Dr. Robert Rubin for aid in blood e¢ollections and serum injections, to Dr. T. B. Weber for
preparation of TPN standards and assistance in the electrophoresis determinations and intex-
pretations, and to Dr, K. €. Kates for construetive criticisms in the preparation of this paper.
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EXPERIMENTAL PROCEDURES

FXPERIMENTAL ANIMALS: Nine animals were used in these studies, Four
2-month-old Shropshire lambs, which were injected with immune serum,
served as infected prineipals; two other lammbs, which were not given immune
serum, served as infeeted controls.  Two 14-month-old sheep were used as
sources of immuune serum.  Of these slieep, one was a Columbia-Southdown-
Corriedale erosshred ram (726), which had received three pereutancous dos-
ages of larvae totaling 225,000 at various iutervals over a preceding 10
months. It had been repeatedly demonstrated that this animal was refractory
to reinfection with S. papillosns. The parasite egg count of this donor ram
had remained consistently helow 100 egg per gram of feces (EPG) during
the preceding 2 months. At necropsy no worms were found in the lungs or
in the intestine of this immune sheep.  The other donor animal was a Shrop-
shire male (728), which had been exposed to tour percutancous dosages of
larvae totaling 365,000 over a 10-month period and which had shown no rise
in worm egg count upon repeated exposures to infeetion.  The number of
worm eggs per gram of feces was below 2,500 at the time the animal was used
as a blood donor. The ninth animal, a 3-month-old parasite-freec male Shrop-
shire lamb (738), was used as the source of normal serum.

COLLECTION AND PREPARATION OF SERUM : To obtam sufficient quantities of
seru it was necessary to exsanguinate the two donor animals. Timmune serum
was prepared from blood collected from these sheep approximately 2 weeks
after the last administration of larvac. The blood was collected in beakers
and allowed to coagnlate overnight in an clectrie refrigerator at 2°C. The
serum was removed the following morning and after centrifngation was ready
for use. Normal serum from the parasite-free lamb was obtained in a simi-
lar manner.

SERUM INJECTIONS AND CHALLENGE INFECTIONS: lmnnune serum, normal
seruny, or saline was injected into the external jugular vein of parasite-free
lambs, which were each subsequently exposed cutancously to 150,000 infeetive
larvae of S. papillosus. As shown in Table 1, two lambs were given injections
of immune serum in doses of 0.1 and 0.5 ml per pound of body weight,
respectively, at the time of infection, and two other lambs, 2.5 and 5.0 ml
per pound of body weight, respectively, 2 days betore they were exposed to
infeetion. The total amounts of serum used were 3, 13, 65, and 125 wml,
respectively, One control lamb recetved 5.0 ml. of normal serum, and the
other 5.0 ml. of physiological saline per pound of body weight, or a total of
127.5 and 108 wml., respectively.

Hemoglobin levels, hematoerit readings, and weights of the animals were
determined weekly by the same methods as those previously described by the
writer (1959a). The number of eggs of S. papillosus were estimated daily
heginning 9 days after infection (the start of normal patency) until the
animals were destroyed.

PAPER ELECTROPHORESTS : Qualitative and quantitative determinations of
serum proteins of the infeeted animals were made by nreans of paper electro-
phoresis. At weekly intervals a 3.0-ml. sample of blood was ohtained from
the jugular vein of each animal. The blood was allowed to clot, and the serum
was removed to small vials; 0.02 ml. of 3 per cent merthiolate solution was
added as a preservative to each milliliter of serum. The serum was stored at
1°-5° C. until the serum protein determinations were made.

Electrophoretic determinations of the serum proteins were made under
uniform conditions by standard methods. All samples were processed in a

Copyright © 2011, The Helminthological Society of Washington




116 PROCEEDINGS OF THE [ Vor. 26, No. 2

Durram-type, Spinco Vertical unit, using a sodium barbital huffer of pll 8.6.

Toran proteIN NiTRoGEN @ Total protein nitrogen in the sera was deter-
mined by the biuret colorimetric method slightly modified from that of
Gornzll, Bardawill, and David (1949) in order to deteet variations from
normal, it any, and to check the validity of the vesults obtained by electro-
phoresis,  Standards were prepared with pooled sera from a homogenous
group of animals, and the nitrogen was determined by the miero Kjeldahl
technique. Kach serum sample was diluted with 19 parts of physiological
saline, and 2 ml of the resulting solution was transterred to a euvette. Eight
ml. of biuret reagent was added, the mixture resulting in a final serum dilu-
tion of 1 per cent. Determinations were made with a Coleman Jr. spectro-
plotometer, using a wave length of 540 mu. A Hval value was obtained by
subtracting the optieal density of the standard trom that of the uaknown
san:ple.

Ix vrrro tErTss A number of tests were conducted on the direet effect of
imiune serum upon infective larvae of this parasite in citro. Tmmune sera
were obuaiied from the two sheep refractory to repeated exposures of S.
papillosus, and normal seruim was obtained from the uninfected lamb. The
sera were tested against viable, infective larvae of S. papillosns as follows:
several drops of each serum sample were pipetted into the chamber of a
depression slide and approximately 20 larvae were added. The preparations
were sealed with a glass cover slip ringed with vaseline, and then placed in
petri dishes, incubated at 37° C.; and examined periodically over a 48-lour
period. The formation of precipitates about the larvae was considered indiea-
tive of antibody activity ot the serum. Normal serum and phyvsiological saline
preparations served as controls.

REsuLTs

Course oF INFECTION : Eggs of 8. papillosus first appearved in the feces
of the lambs on the 9th or 10th day after infection (Fig. 1). Maximun
numbers of eggs per gram of feces passed by control lambs 748 and 750 were
134,520 18 days after infection and 122,880 12 days after infection, respec-
tively. The maximum numbers of eggs per gram of feces passed by the
principals were sonewhat lower and, except for lamb 756, were correlated
with the amount of immune serum given. With the exception of the two
controls and lamb 751, two peaks were noted in the number of worm eggs
passed. These oceurred between the 5th and 7th week after infection. Later
the numbher of eggs deercased until they were well below 50,000 KPG at the
termination of the experiment, except for lamb 749, which showed an inerease
in the number of eggs at this time.

WergnaTs: Although retardation in growth rate was apparent in the two
controls (748, 750) as well as in lambs 751 and 756 (Fig. 2A), only lamb
750 oxperienced an actual loss of weight. Four weeks after infection this
lamb lost 2 pounds, and at its death, approximately 7 weeks after infection,
weighed 1% pounds less than it did at the beginning of the experiment. The
total weight gained by the animals during the experiment was directly related
to the amount of immune serum injected, except for lambh 756, which gained
only 2 pounds. During the same period lamb 751 gained only % pound as
compared with the 10% and 1214 pounds gained by lambs 749 and 754,
respectively. The infected control (748) that smrvived the infection gained 1
only 214 pounds.
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Heyaronogy: The maximum decreases in the hematocrit readings were
directly related to the amount of immune serum given, except for lamb 756
(Fig. 2B). The greatest decrease in hematoerit readings (499 of normal)
was recorded for each of the controls. The maximum decreases in the hemato-
erit readings tor the principals were: 751, 45 per cent; 749, 30 per cent;
754, 15 per cent: and 756, 38 per cent. Although the percentage decrease
was greater for lamb 756 than for the other principals, it was less than the
percentages recorded for the controls. The decrease in the quantity of
hemoglobin per 100 ce. of blood was dirvectly correlated with the decrease in
the volume of packed red cells. The greatest individual deerease in hemo-
glohin, 5.6 grams, oceurred in lamb 748. The other control (750) had a
maximum hemoglobin decrease of 3.5 gramns, whereas the maximum deereases
for the principals were: 751, 3.7 grams; 749, 2.8 grams; 754 1.9 grams; and
756, 4.7 grams.

SERUM PROTEIN LEVELS: The total serum protein varied within normal limits
in all animals throughout the experimental period, although minor variations
occurred between individuals. Sinee the average total sermm protein was
6.0 = 0.5 grams per 100 ml. of serum, the quantitative changes in the various
serunm  proteins, as determined by eleetrophoresis, were considered to be
representative of a true picture of the albumin and globulin fractions.

ALBUMIN-GLOBULIN RaT10: The A/G ratio in all animals deelined rapidly
during the course of the infections (Fig. 3A). It reached its lowest level by
the third week after infection, rising gradually to nearly normal by the
seventh week.

120
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Figure 1. Number of worm eggs per gram of feces, Amount of inmune serum
injected per pound of body weight given opposite cach lamb number (all lambs
exposed to 150,000 lavvae of S. papillosus after injections).
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An inerease in gamma globulin also oceurred (Fig. 3B).
initial increase the first week after infection, subsequent inereases were slight.
The highest level was reached the sixth week. Therefore, it mayv he concluded
that at least one antibody was present in the gamma globulin fraction of
serum ol lambs infeeted with S. papillosus.

The relative quantity of the bheta globulin in the infected lambs also in-
creased (Fig. 3C). A slight inerease was noted the first week following infee-
tion, and a peak was reached 2 weeks later. Thereafter, the beta globulin
decereased in all infected lambs. Therefore, it also apearved that at least one
antibody was present in the beta globulin fraction.
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Figure 2A. Weights of infected lambs.

2B.

TFigure HHematoerit readings of intfected lambs.
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correlation hetween the decrease in A/Gr ratio and inerease in beta and gamma
globulins during the second and third weeks after infeetion (Figs. 3A, B, and
(). The A/G ratio also increased 4 to 7 weeks after infection as the beta
glohulin decreased. Typteal electrophoretic patterns of the sera of the in-
fected lambs at selected stages in the experiment arve given in Fig. 4B and C.
Tig. 4A is a typical pattern produced by serum from a worm-free sheep.
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IMigure 3A. Average albumin-globulin ratio of sera of infected lambs.
Figure 3B. Average per cent of gamma globulin of infected lamps.

Figure 3C. Average per eent of beta globulin of infeeted lambs.
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OTHER SYMPTOMS, PATHOLOGY, AND PARASITE RECOVERY AT NECROPSY: Con-
trol lamb 750 died of strongyloidiasis 47 days after infecetion, and the other
lambs were killed 7 to 10 days later in order to compare the worm burdens
of all the expermental animals.

All Tambs developed typieal symptoms of strongylotdiasis at some time
during the experimental period. Weakness and inappetence were commonly
observed, and diuresis developed in the lambs about 5 weeks after infection.
Stools were normal throughout the experimental period.

No gross pathology was noted in any of the animals at neeropsy. Lamb
750 died during the night, and necropsy was not performed until the follow-
ing morning, so any pathological lesions caused by S. pupillosus were ob-
seured by post-mortem changes. However, the carcass was very emaciated.

According to the data recorded in Table 1, the treated lambs were not
benetited by the njection of lmmune serum, sinee more parasites were re-
covered from these animals than from the controls. In faet, more worms were
recovered from lamb 756, which was mjeeted with the greatest quantity of
immune serwn, than from the other lambs, exeept from lamb 751, which was
given the smallest quantity of immune serun.

IN vITRO TESTS: A coarse, gramular precipitate tormed at the anterior end
of the mfective larvae as carly as 4 hours after incubation in immune serun
of donor sheep 726, At this time no precipitates were noted in the presence
of larvae placed in 1mmune serum of sheep 728 or in the other media. All
larvae were active to some extent, but those in normal sermum from lamh 738
and in saline showed greater motility than those in the lmmune sera. Both
oral and anal preapitates formed 22 hours after incubation of larvae in the
sera of immune sheep 726 and 728. All of these larvae were mactive and
appeared to be dead, whereas many of the larvae in the other media were
alive and motile. ]I()\\('vel, the larvae in saline showed greater motility than
those in the normal serum. After 48 hours’ incubation no larvae were motile,
but precipitates were associated only with larvae in the immune sera.

Audad

8 gay Ab B LAy Ab B a2y Alb.

Iigure 4. Typical paper electrophoretic patterns of normal serum and sera
from infected lambs at two stages of the infection. Blackened portions represent
the relative pereentages of fractions of the serum protein deposited on the paper
strips after integration. A. Tamb 754. ‘“‘Normal’’, i. e., before infection. B.
Tamb 754. Three to 4 weeks after infeetion. Marked inerease in both gamma and
heta globulins with concurrent deerease in A/G ratio. C. Lamb 756. Seven weeks
after infection. Gamma globulin remains high, whereas Leta globulin has decreased
somewhat, and A/G ratio still below normal.
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The A/G ratio of sera from the two immune donor sheep and the unin-
feeted donor lamb was approximately 1.0. The gamma globulin fractions for
donor sheep 726 and 728 and the uninfected control lambh 738 were 13, 30,
and 17 per cent, respectively, whereas the beta globulin fractions were 28,
17, and 11 per cent, respectively. Although the sum of these two fractions
was higher (479) in sheep 728, whose serum formed a precipitate about the
larvae more slowly than that from sheep 726, the latter animal had a much
higher percentage of beta globulin,

Discussion

The results of this limited experiment on the passive immunization of lambs
against infeetion with 8. papidlosus by single injeetions of immune serum
were inconclusive. The parasitological data showed that injections of immune
serum produced little, if any, passive immunity against strongyloidiasis, and
the serological data coufirmed this. It is possible :that significant passive
transfer of immunity can be accomplished by serial injections of hmmune
serum over a period of several days or weeks, and further work along this
line is indicated. Jarrvett et al. (1955) and Rubin and Weber (1955) suc-
ceeded In transferring resistance against lungworm (Dictyocaulus viviparus)
infeetions in ealves by the injeetions of immune serum, or the globulin portion
thereof. These contrasting results with these two kinds of nematodes may he
partially explained by the fact that adult Dictyocaulus live in the lungs,
whereas adults of Strongyloides spp. live in the small intestine, and only
their larval stages pass through the lungs. TFurthermorve, since the cattle
lungworm is morphologieally quite diffevent from Strongyloides spp., and he-
longs in a different suborder, it is not surprising that these parasites differ i
their immunological, host-parasite relationship.

Chandler (1947) helieved that hehninths whieh feed locally on the intestinal
mucosa, suclt as Strongyloides spp., produce a localized, rapidly developing,
powerful immunity, which is not passively transtferable. Sandground (1928)
also coneluded that immunity in dogs against S. stercoralis was not a humoral
but a loeal phenomenon. It appears from the results reported herein that
infections of S. papillosus provoked a loeal immunity in the intestine, as
some cvidenee of antibodies in the serwm was ohtained after this site was
reached hy the parasites. Turthermore, attempts to passively transfer the hm-

Table 1. Data on lambs given injections of serum or saline prior to cutancous
exposure with larvae of Strongyloides papillosus,

S. papillosus

Days Between Recovered
ge . . No.of Exposure Per Cent
Wihen mL/Ib. Body Weight of 1 Tarvae  of Larvae of Larvae
Injected Tmunune Normal Admin- and Admin-

Lamb (days) Serum Scrum Saline  istered Nceropsy Number istered

756" 76 5.0 — — 150,000 52 16,160 10.7
754" 76 2. — — 150,000 52 12,480 8.3
749* 65 0.5 — — 150,000 54 11,880 7.8
751 65 0.1 — — 150,000 H4 24,390 16.2
750%* 65 — — 5.0 150,000 47 6,630 4.4
748° 65 — 5.0 — 150,000 54 9.270 6.2

* Given larvac 2 days after serum injections.
?Given larvae immediately after serum injections.
* Died; others killed.
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munity by serum injections were unsuccessful under the conditions of this
experiment. This does not exelude the possibility that local points of defense
may occur in the skin, lungs, or other tissues, similar to those reported for
Nippostrongylus braziliensis (muris) in rats by Sarles and Taliaterro (1936).

The electrophoretic studies of the serum proteins of the lambs infected with
S. papillosus in this experiment indicated that pessibly two antibodies de-
veloped in response to the presence of the parasites—one in the gamma and
one in the beta globulin serum fractions. This was not an unexpected finding
as Camevon (1956) stated that “parasitic organisms often possess more than
one antigenic compound, and so can cause the production of several anti-
hodies.”

In the present experiment the inereases in serum heta and gamma globulins
of experimentally infected lambs did not oceur until the parasites had reached
the intestine, which indicated that an immune response to the infeetion was
delayed until the habitat of the adult worms was attained. The appearance
of these antihodies was accompanied by a deerease in the egg produetion of
the parasites in the animals. From an experiment involving sheep infected
with gastrointestinal parasites (exeluding S. papillosns), Soulshy (1956)
reported a general tendency for the antibody titer to rise after the number
of worm eggs per gram had decreased. Although the “gamma antibody(s)”
was present in larger quantity than the “beta antibody (s)” during the termi-
nal weeks of the infection, it appeared that the “beta antibody (s)” was more
important than the “gamma antibody (s)” in minimizing the effeets of strongy-
loidiasis during the early patent stage of the infection. An amelioration of
the infeetion oecurred only during the peak of the “beta antibody(s)” pro-
duction, 7.e., 2 to 3 weeks after infection. Subsequently, the elinieal symptoms
hecame more pronounced. However, toward the end of the expernment the
“oamma antihody (s)” and “heta antibody(s)” possibly acted synergistically
in alleviating the effects of the parasitism in some of the lambs. Whether the
development of resistance in lambs to strongyvloidiasis, as previously deseribed
by the writer (1959b), is due directly to a systemice antibody response or
whether other mechanisms ave involved remains to he determined. This study
showed a definite increase in the gamma and heta serum globulins of lambs
mfected with S. papillosus, which is indireet evidence that antibodies were
produced by the host’s reaction to the parasites.

The precipitates formed about infective larvae whieh were exposed to
mmnune sera in in vitro tests offered additional experimental evidence that
autibodies were probably produced against infections of S. pupillosus. The
material which formed ahout the larvae is helieved to be similar to the oral
and anal precipitates which Lawler (1940) observed around larvae of S.
ratt! in the immune sera of rats. Lawler considered that these preecipitates
were the result of an antigen-antibody reaction and that the immune serum
possessed the ability to preeipitate the metabolic produets of the infective
larvae. Aeccording to Chandler (1953) and others, acquired immunity to
N. braziliensis (mwris) manifested itself in a number of wayvs, ineluding
stunting of growth and retardation or complete inhibition of development.
Sarles (1938) demonstrated that four types of precipitates of N. braziliensis
(muris) were formed when larvae were placed in serum of rats immune to
imfections of this worm. The precipitate designations werve (1) oral, (2)
cuticular, (3) exeretory, and (4) intestinal. ITe helieved that the inhibition
in the development of the larvae in immune serum was due to interference in
some manner with the parasite’s nutrition by the precipitates. Oliver-Gonzalez
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(1941) demonstrated that two antibodies formed mn serum of rats infected
with Trichinella spivalis.  One antibody acted specifically on the adult worms;
the other on the larvae. In immune sera, precipitates formed at the oral,
anal, and vulva regious of the adult, but only at the oral region of the larvae.
This investigator further demonstrated that the antiadult antibody was the
active factor in the passive transfer of immunity,

Obviously, it is unwise to make generalizations concerning the precipitate-
forming reaction noted in the present in vitro tests on larvae of 8. papillosus.
In vitro conditions are guite different from the normal environment of the
pavasite and serve only as indicators of what may oceur in some phase of
the host-parasite relationship. Assuming that antibodies against S. papillosus
arc present in the immune serum, it is quite possible that they are not present
in sufficient quantity and/or poteney to immunize animals by single injeetions
of immune sera in moderate quantities. However, the anal and oral precipi-
tates which appeared about these parasites in immune serum suggest the
possibility that an antibody reaction against the larvae or some produets
thereof (the antigens) may oceur in the blood of the host after infeetion. 1t
this is true, the survival of the larvae in immune hosts may depend on the
length of time they remain in contact with body fluids.

SUMMARY

Attempts to passively transtfer mmmunity to strongyvloidiasis to four lambs
by single injections of immune sernm were unsuceessful.

Concomitant quantitative determinations of total serum protein, as well
as serum albumin and globuling by paper cleetrophoresis, indieated that at
least two antibodies were probably produced in the experimental lambs in
response to mfections of S. papillosus. Beta and gamma globuling inereased
during the infection. The highest concentration of heta globulin appeared the
third week after infection and subsequently decveased to lower levels, whereas
the ganma globulin increased gradually, reaching the maximum concentra-
tion the sixth week after infection. Tt was postulated that the “beta anti-
body (s)” played a more important role in the medial stage (3 to 4 weeks) of
the infection than the “gamma antibody(s),” but that both antibodies prob-
ably acted synergistically during the terminal stage of the mmfection. It was
suggested that acquired resistance to S. papillosus in lambs was localized
mainly in the small intestine, although antibodies developed in the blood
after the parasites reached their normal location in the intestine.

Oral and anal preeipitates formed about the larvae within 4 hours after
contact with immmne serum in in ritro tests. After 22 hours’ exposure the
larvae appeared to he dead, whereas larvae exposed to physiologieal saline
solution and normal serum tor a similar period were alive and motile.
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On the Misuse of the Term “Incisure’”
FieLps E. Cavexess and J. K. BOSHER

In deseriptive terminology of the morphology of nematodes, the term “in-
cisure” is used to designate the longitudinal cuticular clefts which divide the
lateral fields. These elefts function as expansible folds in the cuticle during
movement and volume increase of the nematode body due to growth or ova
development. The clefts expand laterally during periods of stress and may
hecome indistinguishable with distention of the euticle. When the period of
stress has passed, following oviposition or fat loss by starvation, for example,
the hody diameter contraets by the reinfolding of the clefts.

“Tneisure,” signifyving a cut or gash, conveys the suggestion of a wound
with an orifice. The root of the word is the Latin caedere meaning “to cut.”
The form and function of the lateral clefts do not lend themselves to the
delimitations of “inecisure.”

A more appropriate word would be “involution” meaning an infolding, a
return to normal after enlargement. The etymon is the Latin involrere mean-
ing “to roll.” The word “involution” is a more explicit term to describe the
structure and funetion of the lateral clefts.
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Studies on the Helminth Fauna of Alaska. XXXYV.
On the Identity of Certain Cestodes (Taeniidae) from Foxes

RoserT Rat

Arctic Health Researeh Center, Public Health Service, U. S. Department of
Iealth, Education, and Welfare, Anchorage, Alaska

Some speeies of the genus Taenic Linnacus, 1758, are morphologically so
similar in the adult stage that their separation is very difficult. Complicating
this problem is the questionable validity of certain of these species which have
been insufficiently characterized. There ave two species, however, the adults
of which possess well defined morphological differences but which have been
repeatecly confused despite their having been adequately deseribed by early
investigators. These cestodes, Taenia crassiceps (Zeder, 1800) and 7. poly-
acantha Leuckart, 1856, have for many years been recognized soleby by their
larval characteristies under the misconception that the adults were indistin-
guishable.

It is the purpose of this paper to redefine the morphological characteristics
of these two species, and to review the status of Taenia hyperborea von
Linstow, 1905, also a parasite of foxes.

DIprERENTIATION OF 1. crassiseps and 1. palyacantha

Although 7. ¢rassiceps was deseribed by Zeder in 1800, the name frequently
has been attributed to Rudolphi, who later published a syunoptie deseription
of the adult (Rudolphi, 1810; p. 172). Tts lavrval stage—ecvsticerel from the
thoracie cavity of Mus wrvalis [= Microtus wrealis (Pallas) ]——was desevibed
by Rudolphi (1819; p. 547) under the name Cysticercns longicollis. Leuckart
1856; p. 32) reported having established throngh feeding experiments the
relationship of the larval and adult stages, pointing out that the ¢lose agree-
ment i form of the rostellar hooks had convinced him previously of their
identity. Leuckart (1856) also publislied a diagnosis of 1. erassiceps.

T. polyacantha was adequately deseribed by Leuckart (1856), but un-
fortunately, as will be seen, an error was made in the measurements of the
rostellar hooks, the lengths of which were given as 53 and 34 microns for the
large and small hooks, respectively. Leuckart illustrated the hooks of both
T. crassiceps and T. polyacantha, demonstrating the differences in their
shapes, but the large hooks of the two speeies were shown as heing of the
same length, and small hooks nearly so.

Baer (1925) studied *“un flacon de Cestodes” obtained from a fox in
Switzerland and identified a single speeies, T'. crassiceps. Sinee his material
did not correspond entirely with the description of 7. crassiceps as given by
Leuckart (1856), Baer undertook a redesceription of the species. From his
deseription, with the accompanying figures, it is evident that Baer’s material
consisted of strobilae of both 7. crussiceps and T. polyacantha, bnt with
seolices of only T'. polyacantha. Baer's figure 1 (p. 78), “Le scolex de T.
erassiceps,” shows the typreal hooks of 7. polyacantha; his figure 2, “A” and
“B,” shows the details of the genital pores of both speeies (the differences
heing attributed to differences in the state of contraction of the strobilae);
figure 3 (p. 79) portrays, as stated, the gravid segment of T. crassiceps.

Baer was aware that the number of rostellar hooks observed in his material
(60 to 62) agreed with the number given by Leuckart (62) for 7. polyacantha,
but was misled by the erroneons measurements given by Leackart for the ros-
tellar hooks of this species. Baer (p. 78) suspected that an error had been made :
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“Nous nous demandons s'il 0’y a pas eu erreur, ear, dans la planche II, les
crochets de T. crassiceps et de T. polyacantha, dessinés & la méme échelle, ont
méme forme et méme longueur!” IHowever, from the material that he studied,
Baer coneluded (p. 79), *Les deux espéces ont Ie méme nombre de branches
utérines et les dimensions des oeufs sont identiques. Nous en eoncluons que
ces ceux espeéces sont identiques malgré la grande différence dans le nombre
des erochets. Un example semblable nous est fourni par 7. taeniaeformis
(Batseh), ot le nombre des erochets varie de 26 a 52. Nous adoptons le nom
de T'. crassiceps Rud., qui a priorité, et lui déerirons 32 & 62 crochets, dont
les grands ont 186 a 207 u de long et les petits 129 a 135 w. L'utérus a huit
a dix branches latérales, et les oeufs 25 a 28 4 de diamétre.” Baer attached
no significanee to the differences in the shape of the hooks of the two species,
as portrayed by Leuckart.

The first description of the larval I'. polyacanthe was that of Baer (1932),
who made the determination on the hasis of the number, form, and size of the
rostellar hooks. He referrved to his earlier conelusions regarding the validity
of this species as follows (p. 13), “Il ¥ a quelques années (1925a), nous pro-
posions de réunir I'. crassiceps Rud. & T. polyacantha Leuek. va Videntité
des anatomies et des hotes, et la tres grande ressemblance des crochets; eepen-
dant lorsqu’on compare les formes larvaires, on constate qu'elles sont nette-
ment différentes.”  Baer and Scheidegger (1946) also studied 7. erassiceps,
remarking about the strobilar stage (p. 63), “Par la forme et la taille, ces

b

crochets ressemiblent beancoup & ceux d'une autre espéce de Ténia du Renard,

Figure 1. Larvae of 7. erassiceps from Lemanus, Point Barrvow, Alaska. ISach
space of seale has the value of 1 mm.
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T. polyacantha Leuck., mais chez laquelle le nombre des crochets est presque
deux fois plus élevé (60). Ces ceux especes de Cestodes sont trés voisines
par leur anatomie, mais se distinguent cependant facilement par leurs formes
larvaires . . . The hooks figured by Baer and Scheidegger (p. 64, fig. 3) for
T. crassiceps clearly inelude those of hoth species.

T. erassiceps and T. polyacantha have been little studied since the work of
Baer and Scheidegger (1946). The former, with a deseription of the adult,
was first recorded from North America by Rausch (1952). 7. polyacantha
had not heen recorded in North America at the time, and the problem of dis-
tinguishing the two species consequently was not considered. The first North
Ameriean record of 7. polyacantha, based on larvae from Microtus, was that
of Schiller (1963). Wardle (1952; pp. 417 and 418) listed both species under
species inguirenda.

In the ¢ourse of surveys earried on in Alaska, large numbers of cestodes of
both species have been collected from toxes, and the larvae of both have been
found in various species of micerotine rodents. A deseription of T. poly-
acantha, based upon this material, is presented below. Sinece a deseription of
T. erassiceps has heen recently published (Rauseh, 1952), duplication is not
necessary here. The larvae of the two speeies are shown in figs. 1 and 2.

Taenia polyacantha Leuckart, 1856 (Figs, 3-5)

Draawosis: Strobila 140 to 235 mm long; maximum width, np to 4 wm,
attained in gravid segments. Length/width ratio of segments inereases with

Figure 2. Larvae of T. polyacantha from Lemmus, Point Rarrow, Alaska., Faeh
space of seale has the value of 1 mm.
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age; immature segments are wider than long, mature segments are about as
long as wide, and gravid segments may be two times longer than wide. Mar-
gins of strobila serrate. Scolex relatively small, measuring about 1.2 mm in
diameter; well developed suckers about 450 microns in length. Rostellum
armed with 44 to 50 hooks, arranged in 2 rows. Large hooks have handle and
blade of nearly equal length, and measure 200 to 214 microns (av. 210 mi-
crons) ; small hooks, having handle only slightly developed, measure 142 to
157 mierons (av. 147 mierons). Genital pores irregularly alternate, situated
at middle of segmental margin. Genital papillae not prominent. Subspheri-
cal eirrus sae, overlapping ventral longitudinal excretory canal, measures 140
to 215 microns long by 140 to 180 microns wide. Cirrus aspinose, measuring
about 65 microns in diameter and 140 mierons long when everted. Vas defer-
ens much coiled at proximal end of ¢irrus sae. Testes, numbering at least 220
per segment, measure about 70 microns in diameter; they are arranged in 2
lateral fields which ave eonfluent in anterior portion of segment. Testes not
extending posterior to posterior limits of vitelline gland and not overlapping
ventral longitudinal excretory eanals. Vagina, opening in genital atrium
posterior to cirrus sae, measures about 15 microns in diameter; it is diverted
abruptly posteriad hy cirrus sae, after which it takes direet course mediad
and forms large seminal receptacle at mid-line of segment. Ovary consists
of 2 reniform lobes, of which aporal lobe is larger. Transversely, ovary
comprises about Y3 of segment. Vitelline gland, about 8 times as wide as
long, lies posterior to ovary near posterior margin of segment; its ends usu-
ally extend somewhat beyond limits of ovarian lobes. Mehlis’ gland spheri-
sal, about 150 mierons in diameter. Gravid uterus with 12 to 16 lateral
branches on each side; these subdivide, nearly filling gravid segments within
limits of ventral longitudinal exeretory canals. In moderately relaxed stro-
bilae, gravid uterus usually has well defined rectangular outline. Eggs meas-
ure 32 to 40 mierons long by 30 to 35 microns wide (av. 36 by 32.5 microns).

Hosts: Alopex lagopus Linnaeus (aretic fox) and Vulpes wvulpes Lin-
naeus (red fox). Also occurs rarely in dogs in Alaska.

Haprrar: Small intestine of host.

DistriBurion : Holaretie, but in North America known only from high-
horeal regions (Alaska).

Slides containing an entire strobila of 7. polyacantha have heen deposited
in the Helminthologieal Collection of the U. S. National Museum, No. 38398.

The specimens of 7. polyacantha from Alaskan foxes possess a smaller
number of rostellar hooks than do those from Europe (44 to 50 as compared
with 60 to 62). However, I do not consider this difference sufficiently great to
justify formal recognition of the Alaskan cestode at a subspecific level, par-
ticularly sinee the limits of normal variation in the number of rostellar hooks
of T. polyacantha have not been determined in Eurasia, there having been no
studies made on material eollected east of Europe.

For comparative purposes the more important morphological details of T.
erassiceps are shown in Figs. 6-8, and the differential characteristics of the
two species are listed in Table 1.

THE 1DENTITY of Taenia hyperborea voN Lixstow, 1905

T. hyperborea was deseribed from material collected from an arctic fox on
the east coast of Greenland. Although von Linstow’s (1905) diagnosis was
adequately detailed, the status of the species has never been finally deter-
mined. The form of the rostellar hooks led Railliet and Henry (1915) to
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Figures: 3. Rostellar hooks of 1'. polyacantha; 4. Mature segment ot 1'. polyacan-
tha; 5. Gravid segment of 7. polyacantha; 6. Mature segment of 1. crassiceps;
7. Rostellar hooks of T, crassiceps; 8. Gravid segment of 1. crassiceps.
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Table 1. Difterential characteristies of 7. polyacantha and T. erassiceps, from
Alaskan material

T. polyacantha T. crassiceps
Length of strobila 140 to 235 mm 70 to 140 mm
Number of rostellar 44 to 50 28 to 32
hooks
Size of rostellar Large hooks: 200 to 214 Large hooks: 172 to 178
lhooks niicerous microns
Small hooks: 142 to 157 Small hooks: 121 to 136
microns mierons

Position of genital At middle of segmental mar-  Anterior to middle of seg-

pore gin, mental margin.
Characteristies of Subspherieal, usually over- Elongate, usually mot over-
cirrus sac lapping ventral longitudinal lapping ventral longitudinal

excretory camnal. 140 to 215  exeretory canal. 160 to 215
microns long by 140 to 180 microns long by 50 to 70

microns wide. mierons wide.
Number of uterine 12 to 16 on cach side. 16 to 20 on each side.
branches
Size of cgg 32 to 40 microns long by 30 25 to 32 microns long by 22
to 35 microns wide. to 27 microns wide.
Distribution of Two lateral fields, confluent Two lateral fields, eonfluent
testes only in anterior half of seg-  both in anterior half of seg-
ment. ment and posterior to ovary.

conclude that 7. hyperborea is one of the Multiceps-group, and most subse-
quent workers have accepted this opinton (ef. Meggitt, 1924, p. 89); Sprehn,
1932, p. 495). More recently, from two aretiec foxes killed on the Tamal
Peninsula, western Siberta, Kolmakov (1937) identified T. hyperborea, de-
seribing the morphological characteristics and comparing this material with
von Linstow’s original deseription.

Sinee hoth 7. ¢rassiceps and T. polyacantha have a holaretic distribution in
the same species of hosts, it might be suspeeted that 7. hyperborea is identieal
with one or the other. Now that the aforementioned species have been dis-
tinguished, it is practicable to re-examine the status of 7. hyperborea.

It is evident from von Linstow'’s (1905) deseription and figures that 7'
hyperborea in some details resembles hoth 7. polyacantha and T. crassiceps.
Ilowever, it has several important characteristies in common with 7. crassi-
ceps. Comparing von Linstow’s figure of the mature segment with that of
T. crassiceps, it 1s seen that the testes apparently have the same distribution,
being confluent across the posterior margin of the segmient. However, in von
Linstow’s figure, the testes extend aecross between the ovary and vitelline
gland; an error may have been made in the drawing, but it is assumed that
the testes arve confluent in the posterior portion of the segment.  According to
von Linstow, the genital pore is situated at the middle of the segmental mar-
@in, as s the caxe in T, polyacentha. This may have resulted from the con-
tracted state of the material studied, sinee the relationship of the currus sae
and vagina is the same as for 7. crassiceps, and the shape of the cirrus sac
also 1s typical of the latter. Tn von Linstow’s material, the eggs measured
29 hy 23 microns, corvesponding in size to the cges of 1. crassiceps.

The rostellar hooks figured hy von Linstow for 7. hyperborea correspond
in shape to those of 1. crassiceps; they number from 30 to 32, and measure
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170 and 120 microns for the large and small hooks, respeetively.  Kolmakov
(1937) found that the hooks on his material ranged from 28 to 34 in mumber,
and measured 172 to 188 microns and 132 to 154 microns for the large and
small hooks, respectively.  Accorvding to Leuckart (1856: p. 67), the speei-
mens of 7. erassiceps studied by him had usually 32 hooks, less commonly 34
the large hooks measured 186 microns and the small ones 135 mierons. It is
of interest that Leuckart (1856; p. 67) remarked that “Der Wurzelfortsatz
der kleinen Haken hesitzt ein sehr schmiiehtige Bildung, fast wie ber 7.
coenurns.” This characteristic presnmably led Railliet and Henry (1915) to
assign I hyperborea to the Multiceps-group.  Alaskan specimens of 7. cras-
siceps possess from 28 to 32 rostellar hooks, the large ones measuring 172 to
178 mierons long and the small ones measuring 121 to 136 microns long.

The elose agreement in morphological details between T. erassiceps and 7.
hyperborea scems sufficient to indicate that they arve conspeetfie, a conclusion
supported also by ecological and zoogeographic considerations.  Consequent-
Iy, I hyperborea von Linstow, 19035, is regarded as a synonym of 7. crassi-
ceps (Zeder, 1800). Thervefore, it appears that there are but two species of
Taenia which commonly parvasitize foxes in northern regions; these arve 7.
erassiceps and T polyacantha, both of which have holaretic distribution.
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Immunity Against the Cattle Lungworm: Resistance Resulting
from Initial Infection with Small Numbers of Larvae

Trosxas B. WeBer® and Joux T. LUckEr

Animal Discase and Parasile Research Division, Agricultural Rescarch
Serviee, UL 8. Department of Agriculture, Beltsville, Maryland

Michel (1954, 1955), Rubin and Lucker (1956a), and Jarrett et al. (1957)
have shown that calves that have eliminated an initial Dictyocanlus infection
produced by the administration of 4,000 or more normal infective D. viviparus
larvae generally arve completely immune to a patent reinfeetion with this
langworm.  The immunity persists for several months at least and generally
Is strong enough to enable a ealf so previously infected to survive exposure
to a dose of larvae known to be lethal to previously uninfected animals of the
same age.

The work here reported was undertaken to determine whether ealves initial-
Iy given much smaller doses of normal infective larvae would acquire enough
resistance to protect them adequately against a subsequent rather heavy, but
not necessarily lethal, exposure to infection. Two prior reports that con-
tain data on immunity following initial infection with doses of fewer than
4,000 normal larvae will be discussed later in connection with our results;
however, in those reports only one calf that received a dosage within the
range we tested 1s mentioned.

MaTerIaLS axD MpiTHODS

Kleven young Holstein calves, reared and maintained under conditions de-
signed to exclude extraneous infection with helminths, were used. Six of
them, the test animals, were initially given small dosages of infective 1. rivi-
parus larvae, as shown m table 1. After they had eliminated their initial in-
fections, they were given a challenge dose of larvae, as shown in table 2. The
seventh calf (No. 49) was used exelusively as an uninfected control against
which to measure gains in weight (table 1). The remaining four were used
as challenge-dose controls (table 2); two of them (Nos. 7 and 9) had been
previously used as uninfected controls to measure gains in weight (table 1).

The general procedures and parasitological methods used were very simi-
Jar to those described by Rubin and Lucker (1956h). However, each animal’s
temperature was taken at least once daily, and its general elinieal response to
infection was ohserved several times each week. The total output of first-
stage larvae during the course of infection was caleulated from the weight of
ach daily feeal deposit of the ealf and the number of larvae isolated per
gram from a sample of the same feeal deposit.

ResvLrs

Course or “Inrauxizing” Inrvectioxs: In table 1 are summarized the
essential data pertaining to the initial infections produced in the six test
calves—three, approximately 10 days old, that were differently exposed to
small numbers of infective larvae and three, about 5.5 months old, that had
been weaned prior to exposure to the same dosages of infeetive larvae.  All
calves aequired a patent infection. Neither the duration of the prepatent
period of infeetion, which was relatively constant, nor that of the patent
period, which was more variable, appeared to be directly correlated with the

“Resigned June 21, 1957,

Copyright © 2011, The Helminthological Society of Washington




Jrry,1959] NELMINTHOLOGICAL SOCIETY 133

total number of larvace administered or with the administration of the same
number in a single dose rersus 10 daily doses. TLowever, in each age group,
the ealf that received a single dose oft 500 larvae eliminated more first-stage
larvae in its feces than the one that received 10 daily doses of 50 larvae.

The vounger calves apparently were more susceptible to infection than the
older ones.  Kach eliminated more first-stage larvae in its feces than the older
eall correspondingly dosed with infective larvac (table 1), and evidently,
therefore, acquired the greater mumber of mature worms.  Also, the vounger
calves eliminated the worms more slowly than the olider calves, as indieated
by the longer patent period of infection in the former (table 1).

CLINTCAL RESFONSE PO “1MMUNIZING” INpECTIONS : During 17 weeks post-
infection, one calt (No. 48) of the vouuger test group gatned ahout as much
weight as the uninfected control (No. 49). whereas the other two calves of
this group gained at a somewhat lower rate than the control (table 1), All
three test calves of the older group gained at about the same rate as their
controls. This rather long period was selected for the comparison because of
the long duration of the infections in two of the younger calves and in order
to minimize the influence of haphazard weight ehanges on the ealeulated rates
of gain.

Of the six calves, four remained afebrile, or nearly so, during this period,
one had a slight fever (max., 103° I.) for a few day=, and one had a moder-
ate fever (max., 104.0° F.) for about a month. All six ealves showed some
respiratory distress, which was slight to moderate in degree, except in calf
46, in which it was rather severe. The distress, which tended to be intermit-
tent, usually began ahout 2.5 to 4 weeks postinfection and disappeared 3 to 4
weeks later. The peak rate of respiration was 80/min. in calf 46 and ranged
from 38/min. to 62/min. among the other five calves.

IxrrcTioNs rroM (CHaLLeNGE Exrosure: Test ealf was not demonstrably
resistant to patent reinfection upon challenge with 25,000 infective larvae
about 3 months after the termination of its initial infection (table 2).

However, the remaining five test calves were alinost completely insuscepti-
ble. Evidently only negligible numbers ol mature worms developed in their
lungs.  The evidence tor this conclusion was the fact that subsequent to the
challenge exposure only small numbers of first-stage larvae were elimnated
i their feces, whereas large nmnbers were eliminated in the feces of the
controls. The ealeulated total outputs of suceh larvae in their feces (table 2)
ranged from 2,900 to 55,000, whereas the least output in the feces of any
control was about 2.5 million larvae.

The ratio of the number of larvae recovered from the feces of calt 47 to
the number recovered from the feces of its control (No. 22) was about 1:530;
for ealf 48, the second of the two successtfully immunized vounger calves, and
its control (No. 23), the corresponding ratio was about 1:280. On the
average, the older controls eliminated almost 1,000 times the average number
of first-stage larvae eliminated by the three older immunized calves.  Also, the
patent period of infection was much shorter in these five test calves than in
the controls.  Actually, where the duration of a patent reinfection was 6 days
or move (table 2), larvae were not recovered from the feces on every day
within the period.

There appeared to he no evidence that the suceess of immunization was
dependent upon the age of the test calf when the immunizing dose of larvae
was given, the use of 1,500 rersus 500 infective larvae, or the administration
of the smaller number serially versus in one dose.
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Crixican Resroxse 10 CHALLENGE EXPoSURE: In view of the result ob-
tained in calf 46, the following account is restricted to the behavior of the
remainder of the calves. Since the five resistant ones aequired only very
brief, slight patent reinfections, a period of about 10 weeks postexposure was
deemed adequate for comparison of their responses with the responses of
the controls and detailed observations were discontinued thereafter.

All of the resistant calves outgained their controls (table 2); the average
daily gain of the older three for the 10-week period was about three times
that of their eontrols. However, only two (Nos. 48 and 122) gained as much
per day as uninfected calves of the same age and breed and on the same diet
usually do.

The resistant calves and the younger controls either remained afebrile or
developed a slight fever lasting only a few days. The temperature of each
of the older controls reached 104.2° F. One of them was teverish for about
one month; the other for about one week.

Scarcely any, or only mild, respiratory distress was observed i four of the
resistant calves. The fifth one coughed oceasionally; its respiratory vate
was 92/min. on one day and ranged from about 40 to 60/min. during much
of the period. Both younger controls coughed persistently and assumed
postures characteristic of lungworm disease during spells of coughing or
labored breathing; their respiratory rates reached 96/min. and 112/min.,
being 80/min., or higher, during much of the period. One of the older con-
trols showed a peak rate of 104/min. and respired at rates ranging from 40
to 80/min. during much of the period; the other suffered considerably less
respiratory distress.  However, bhoth later developed a pnewmonma which
vielded to antibiotie treatment.

OrneEr Dara: Calf 46, which proved to be nonresistant, and ealf 47, which
proved to be resistant on initial challenge, were given subsequently a further
dose of larvae. The latter calf was found to be completely immune, but ealf
46 again acquired a slight patent infection.

DiscussioN

Reported data (Michel, 1955; Jarrvett et al., 1957; Rubin and Lucker,
1956h; Webher, 1958), as well as unpublished data available to us, show that
there is marked variation in the magnitude, or apparent magnitude, of D.
viviparus infections obtained in previously uninfected calves given eqgual num-
bers of larvae, even if aliquots of the same bateh of larvae are given. How-
ever, all of the writers’ four control calves hecame, as judged by total fecal
outputs of first-stage larvae, much more heavily infected than five of the
six test calves, and the possibility that so consistent a difference in results
was due to chance seems remote. These five calves were not completely im-
mune to a patent reinfection, wheveas, aceording to the reports already
eited, an imitial infection induced by 4,000 or more normal larvae usually
does result in the development of such an immunity and complete immunity
also is present after recovery from naturally aequired lungworm disease
(Jarrett et «al., 1955, 1957). However, these reinfections were insignificant
from the standpoint of their potential contribution to the infectiousness of a
pasture. The resistance, though definitely benefieial, did not completely pre-
vent either respiratory distress or interference with the normal rate of gain
in weight. However, even a complete immunity to a patent infection does
not necessarily prevent clinieal reactions (Michel, 1954; Rubin and Lucker,
1956a) following heavy reexposure to infection.

Copyright © 2011, The Helminthological Society of Washington
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In general, our findings fit into the pattern of the results reported by others
who have dealt with initial infection with small numbers of normal larvae in
relation to subsequent susceptibility to a patent infection with this lung-
worm. Porter and Cauthen (1942) found that a calf initially infected with
200 larvae was highly susceptible to reinfection; one which they infected
with 575 or 675 (?) larvae, a dosage within the range we tested, was some-
what susceptible.  Jarrett et «l. (1957) found six of 10 calves given 2,500
larvae each, a larger dosage than we tested, to be completely immune to a
patent reinfection; presumably their remaining four calves hecame reinfected
only slightly.

That calves appear to vary inherently in capaeity to acquire resistance to
this lungworm has been noted in previous reports (Rubin and Lucker, 1956a;
Weber, 1958). This is further snggested by the lack of nniformity in re-
sults among the 10 calves tested by Jarrett ¢t «l. and among our own six at
the time of initial challenge. Espeeially noteworthy, since one exposure to
as few as 4,000 larvae reportedly causes most calves to become immune, is
the finding that our calf 46 was still slightly susceptible after it had elhmi-
nated its second infection, which resulted from a dose of 25,000 larvae.

SUMMARY

Small doses of normal infective larvae of the cattle lungworm, Dictyocaulus
viviparus, were tested for ability to aetively immunize calves against reinfec-
tion with this parasite. Of six ealves—three 10 days old and three about 5.5
months old—unexposed to this parasite previously, four were each given 500
larvae and two 1,500. Kach calf was reexposed to infection about 2.5 to 3.0
months after the end of the patent period of the initial infeetion so induced.
The reexposure was to 25,000 infective larvae. To serve as controls, four
other ecalves, which were of comparable age and had heen reared without
prior exposuve to this lungworm, were likewise given 25,000 larvae. Five of
the six previously infeeted calves were found to have acquired a strong re-
sistanee, though not a complete lmmunity, against patent reinfection with
D. viviparus at this level of challenge. The immunizing infeetions did not
materially affect the growth of the calves, especially the older ones, but did
cause slight-to-moderate respiratory distress.  After administration of the
challenge dose of larvae, the resistant calves outgained the controls; the re-
sistance usually did not prevent respiratory distress, but did minimize it.
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A Revision of the North American Species of the Genus
Skrjabinema (Nematoda: Oxyuroidea) *

G. A. ScHAD®®

During recent studies on the genus Skrjubinema Vereshchagin, 1926, it
became apparent that published descriptions of the various species do not
adequately characterize them and that the characters used for determination
are unreliable. Therefore, material from all recorded North American hosts
was accumulated and examined, and a partial generie revision was attempted.

The literature shows that in North America Skrjabinema ovis (Skrjabin,
1915) is reported from domestic sheep (Ovis aries), bighorn sheep (Ouis
canadensis), and the domestic goat (Capra hircus). S. oreamni Swales, 1934,
is the species currently recognized from the mountain goat (Oreamnos ameri-
canus) and caribou (Rangifer sp.), and S. parva Dikmans, 1942, is reported
from mule deer (Odocoileus hemionus) in the Rocky Mountain States. Allen
et al. (1956) recorded a pinworm as Skrjabinema sp. from a wild population
of Barbary sheep (Ammotragus lervia) which was recently introduced and
has become established in New Mexico.

Swales (1934) and Olsen and Tolman (1950) made taxonomie changes on
the bhasis of nearctic materials. In a paper deseribing S. oreamni from
Oreamnos americanus and Rangifer sp., Swales reduced S. tarandi Skrjabin
and Mitskevich, 1930, to synonymy with S. ovis. S. tarandi had been previ-
ously reported as the species parasitizing reindeer in arctic Russia. Olsen
and Tolman described the male of S. parva, emended the generie diagnosis,
corrected Swales’ deseription of the male of S. oreamni, and provided a key
to the species of Skrjabinema. The present study shows this key to he un
reliable.

The species discussed in the taxonomic section of this paper differ so
slightly that eomplete morphological deseriptions of each would he repeti-
tious. Thus only in the case of S. caprae nsp. will a complete morphological
description be given. This description and the generie diagnosis may be
consulted for morphological information not included under the other species.
Measurements are given in Table 1.

The following individuals have made their collections available to the
author, and to them he extends his thanks; abbreviations following their
names are those used subsequently in lists of material examined:

Dr. O. A. Brunetti, Calif. Dept. Fish and Game, Sacramento, Calif. (OAB)

Dr. I. MeT. Cowan, Dept. Zoology, U. British Columbia, Vancouver, B. C.,
Can. (IMcTC)

Dr. 0. W. Olsen, Dept. Zoology, Colo. State U., Fort Collins, (folo. (OWO)

Dr. T. W. M. Cameron, Inst. Parasitol., Macdonald Col.,, Quebee, Can.
(TWMC)

Dr. R. Rausch, Arctic Health Res. Center, Anchorage, Alaska (RR)

Dr. G. K. Sweatman, Animal Path. Div., Canada Dept. Agr.,, Macdonald
Col., Quebhee, Can. (GKS)

“From the Animal Disease and Parasite Research Division, Agricultural Research Service,
17. S. Department of Agriculture State College, New Mexico.
This work was done in cooperation with the New Mexico Agricultural Experiment Station.
**Present address, Tnstitute of Parasitology, MeGill University, Macdonald College P. O,
Quebee, Canada.

Copyright © 2011, The Helminthological Society of Washington




Jury, 1959] HELMINTHOLOGICAL SOCIETY 139

THE GENUS SKRJABINEMA Vereshchagin, 1926
Synonym—~O.ryuris Rudolphi, 1813 (in part)

GENERIC D1aGN081S (modified from Olsen and Tolman [1950] as emended
from Monnig [1932]) : Oxyuridae. Cuticle inflated around head. Body with
lateral alae for greater part of length. Ifemales with 3 anehor-shaped lips
separated hy digitiform interlabia; male lips triangular each with apical
notech. Excretory pore postesophageal.  Vulva in anterior half of body.
Cuticular inflation of male tail supported by preanal and postanal pairs of
ray-like propections bearing terminal papillae. Kaeh of postanal projections
with an additional hasal papilla. Single spicule with gubernaculum present.
Parasites of ruminants.

KEY TO THE NEARCTIC SPECIES OF SKRJABINEM A

1o AL MAles | oessmssesimsos s s s ses s HssmSa S cec e oo mimeemsancorame et ems eameme et rame s 2
B. Females . ... i e 5
2. A. Sub-interlabial projections absent (fig. 1) ... SR
B. Sub-interlahial projections present (figs. 2 & 3) . 4
3. A. Adult less than 2.00 mm. in length.
Parasite of deer . S. parva (male)
B. Adult longer than 2.00 inm. in length.
Parasite of sheep and goats . 8. ovis (male)
4. A. One sub-mterlabial projeetion (fig. 2) . S. caprae (male)
B. Two sub-interlabial projections (fig. 3). . ... 8. tarandi (male)

5. A. Posterior ending of alae abrupt and relatively close to
tip of tail (figs. 4 & 5).
Parasites of Cervidae . 6
3. Postertorly, alae merge gradually into the tail and end
relatively more to the anterior (figs. 6 & 7).
Parasites of Bovidae

-1

6. A. Tail 0.75 mm. or longer.
Parvasite of Rangifer sp. . .S tarandi (female)

B. Tail 0.60 nun, or shorter.
Parasite of Odocoileus sp. . .

7. A, Alace extend along tail for half its 1(‘ngth

ceee SLoparra (female)

or more. (fig. 6) e Soovds (female)
B. Alae do not extend to mid-point of tml
hut end more anteviorly (fig. 7) - . 8. caprae (female)

THE NORTH AMERICAN SPECTES OF SKRJABINEMA
SKRIABINEMA OVIS (Skrjabin, 1915) Vereshehagin, 1926 (figs. 1 & 6)
Synonym—O0OQ.rynris ovis Skrjabin, 1915; Skijabinema oreamni Swales,
1934 (in part)!

Disaxosis: Skrjabinema.  Sub-interlabial projections absent in males.
Posteriorly, alae of female merge gradually into tail.  Alate tail sector about
as long as, or longer than, postalar tail. Ratios of alate tail/postalar tail
vary between 1:0.44 and 1:1.03. Parvasite of wild and domestic sheep and
coats.

IS orenmni has been reported as 8. erami by Brandhorg (Life History and Management of
the Mountain Goat in Idaho., State of Tdaho Dept. of Fish and Game, Wildlife Bulletin No, 2,
P. 111, 1955). This ix a misprint of S, oreamnt.
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Discussiox: Olsen and Tolman (1950) call attention to the presence of
apical lip notches (figs. 1-3; ALN) in the male S. ovis and maintain that this
character distinguishes the species from others occurring in North Ameriea.
The study of more adequate colleetions of the several nearctic species shows
that lip notches occur in all, but may be invisible or inconspicuous depending
on the angle at which the lips are viewed. However, S. ovis 1s a valid species
and the wales may he separated from those of S. tarandi and S. caprae n.sp.
by the abhsence of sub-interlabial projections. S. ovis males are not morpho-
logically separable from S. parva males, but differentiation is possible on a
mensural hasis. (See Table 1.)

Tigure 1. Skhjabinema ovis (male), en face; a. Composite of surface and
intra-oral structures; b. Surface structures only; e. Optical section through oral
cavity.

Figure 2. Skrjabinema caprae (male), en face; a-c. As for figure 1.

Figure 3. Skrjabinema tarandi (male), en face; a-c. As for figure 1.

Copyright © 2011, The Helminthological Society of Washington
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Table 1. Measurements (mm.) of the North American species of Skrjabinema

S.otvis 8. capraen. sp. 8. tarandi 8. parva

Females

No. of Speeimens Measuared 43 35 32 _ 20

Total Length 4.99 -10.00 5.18 -8.16 7.75 -13 0(3 3.49 -5.48
Maximum Width B35 - 85 30 - .55 45 - 75 19 - 44
Head Diameter 07 - .10 .06 - 11 10 - .12 .06 - .08
Nerve Ring from Anterior A5 - .30 15 - .20 16 - .30 12 - 17
Exeretory Pore from Anterior .98 - 1.80 1.09 -1.78 1.65 - 2.63 .75 -1.20
Length of Esophagus 56 - .80 .60 - .78 .71 - 92 46 - .53
Width of Esophageal Bulb A4 - 20 11 - .20 .20 - .31 .11 - .19
Length of Esophageal Bulb A1 - .20 12 -.19 .20 - .29 13 - .17
Vulva from Anterior 1.60 - 3,17 1.85 -2.88 2.63 - 4.73 1.43 -2.30
Length of Tail 78 - 1.58 .50 -1.09 .79 - 1.39 .34 - .59
Alae End from Tip of Tail B0 - 71 .29 -.74 19 - 35 .08 - .16
Iigg Length L048-.063  .048- .059 .065- 080 .053- .065
Egg Width .027-.036 .029- .037 .031- .041 .030- .035

Males

No. of Specinmens Measured 23 16 25 7

Total Length 2.34 - 3.65 2.40 -3.10 2.80 - 3.30 1.76 -1.95
Maximum Width 11 - .18 .10 - 17 .16 - .21 .08 - .10
Head Diameter 04 - 05 .04 -.05 .05 - .07 .03 - .04
Nerve Ring from Anterior A4 - 160 12 - .14 14 - 18 .09 - .10
Ixeretory Pore from Anterior .78 - 91 .68 - .79 .75 - .93 47 - .53
Length of Ksophagus B4 - 43 34 - 40 A5 - 41 24 - 26
Length of Esophageal Bulb 08 - 11 .08 - .10 .10 - .11 .07 - .08
Width of Esophageal Bull .08 - 11 .07 - .08 .08 - .11 .04 - .06
Length of Spieule 06 - .09 .07 -.08 .08- .09 .07 -.08
Length of Gubernaculum .02 .03 .02 .01 - .02
Length of Spine 01 - .02 .01 -.02 .01 - .02 .01

It is difficult to determine the females of the nearvctic Skrjabinema to spe-
cies. The only useful characters the author could find were (1) the nature
of the posterior terminations of the lateral alae and (2) the distance of this
termination from the tip of the tail relative to the over-all length of the tail
(fig. 4-7). In S. owvis the lateral alae merge gradually into the body (fig. 6)
and extend posteriorly along the tail for about one-half the length of the
tail or more (i.e., the anterior alate part of the tail almost equals or exceeds
length of the postalar tail) (fig. 8).

Skrjabinema oreamni Swales, 1934, in part, from Oreamnos americanus is
placed in synonymy with S. ovi,s. This action 1s deemed necessary upon ex-
amination of the type material (#12 in list of material examined) and addi-
tional lots of Skrjebinema from O. americanus. The differences in lip char-
acters used by Olsen and Tolman (1950) to distinguish S. oreamni and S.
ovis are not real. Both have apieal lip notches.  While Swales’ specimens
are larger than most S. ouvis, other collections from O. wmericanus fall well
within the known size range of S. ovis and the various measurements overlap.
Thus, mensural differences previously used to distinguish 8. owis from .
oreamni also are not valid. Swales’ specimens ave considered as extremes at
the large end of the range of variation for S. ovis. From figure 8 it may he
seen that specimens from Oreamnos, though larger than many §. ovis trom
other hosts in the female tail characters plotted, arve proportionally similar,

The following material was examined :
U.S.N.M. (#31434), Capra hircus, Beltsville, Md.
U.S.N.M. (#32083), Capra hircus, Beltsville, Md.
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U.S.N. M. (#46870), Capra hircus, Beltsville, Md.

U.S.N.M. (#33976), Capra hircus, Beltsville, Md.

U.S.N.M. (#34045), Capra hircus, Boston, Mass.

U.S.N.M. (#44546), Ovis canadensis, Salmon, Idaho

U.S.N.M. (#47238), Ovis canadensis, San Andres Mts., N. M.

ADP, N.M. Ovis canadensis, Hachita, N. M., USDA, ARS, Animal Disease
and Parasite Research Division, State College, New Mexico.

ADP, N M. Ovis canadensis, Columbus, Mont.

OWO, Ovis canadensis, Ouray, Colo.

IMcTC, Oreamnos americanus, Vernon, B. C., Can.

TWMC, Oreamnos americanus, Berland River, Alta., Can.

U.SN.M. (#47228), Oreamnos americanus, Lemhi County, Idaho.

ADP, N.M. Ouis aries, State College, N. M.

ADP, N.M. Ovis aries, State College, N. M.

0.50mm.

Figure 4. Skrjabinema parva (female), tail.
Pigure 5. Skrjabinema tarandi (female), tail.
Figure 6. Skrjabinema caprac (female), tail.

Rigure 7. Skrjabinema ovis (female), tail.
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SKRJABINEMA CAPRAFE n. sp. (figs. 2 & 7)

Dracyosis: Skrjabinema. Males with one sub-interlabial projection. Pos-
teriorly, lateral alae of female merge gradually into body. Alate tail sector
shorter than postalar tail sector. Parasite of domestie goats and the Barbary
sheep.

DEscrrprioN : Female longer than male, tapers at both ends, but anterior
tip truncated, whereas posterior termination is a simple blunted point. Male
tail complex. When extended, female straight, but male usually J-shaped,
i.e., tail bent ventrally.

Esophagus with single bulb similar in both sexes, as is terminal portion of
excretory system. Four exeretory ducts, 2 from anterior and 2 from pos-
terior, converge on exeretory sinus from which a short duet extends to ventral
side, and opens through postesophageal excretory pore.

Circumoral papillae, 6 in number, similar in both sexes; amphids located
close to mouth opening, remaining papillae sub-laterally and more externo-
posteriorly located.

FEMALE: Anterior end with striated cuticular inflation from which striated
lateral alae extend posteriorly to end along tail. Termination of alae un-
syvimetrical and not absolutely lateral, postalar tail longer than one-half of
total length of tail. Ratios of alate tail/postalar tail vary hetween 1:1.13
and 1:3.19.

Mouth opening bordered by 3 anchor-shaped lips, separated from each
other by elongate projections (interlabia). Free edge of each lip bears a
pair of plates. Mouth wall surrounds base of lips, but free margins of lips
may bhe elevated to projeet from oral opening.

Vulva, between mid-body and excretory pore; ovejector single, heavily
muscularized, with wide lumen having rugose lining. Tail relatively long
and evenly tapering. Eggs typically D-shaped.

MaLk: Anterior with slight, striated cuticular inflation. Lateral alae pres-
ent. Mouth opening surrounded by 3 apically notched, triangular lips (fig.
2). Labial pulp eavity present. Under each lip a supporting struecture pres-
ent (fig. 2; 8S). TInterlabia absent, but at a lower level in interlabial space
a digitiform process (sub-interlabial projection) extends into mouth eavity
(fig. 2; STP).

Tail, usually ventrally bent, ending in spike-like point encompassed in part
by cuticular inflation, supported by two pairs of projections; anterior pair
Interally inserted. Posterior pair, flanking tip of tail, dorso-laterally inserted.
Each projection tipped by papilla and posterior paired projections each
with one additional, ventral, basally situated papilla. A pair of pads, trape-
zoidal in outline, one on each side of anus; each bears 3 papillae—1 medial
and 1 on each of 2 distal corners.

Spieule short, simple and with slightly expanded proximal end. Guber-
naculum partially surrounds tip of withdrawn spicule.

Host: Domestie goat (Capra hircus).

Locariox : Caecum and large intestine.

Locaurry : Tortugas, New Mexico.

Tyre spECIMENS : Holotype—male; allotype—female (U.S.N.M. #38393)
Paratypes—both sexes (U.S.N.M. #38394)
Additional material: ADP, N.M., Ammotragus lervia,
Roy, N. Mex.
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Discussion: 8. caprae closely resembles S. ovis but differs from the latter
in the following characters: (1) In the male there is a single sub-interlahial
projection which is absent in S. ovis, and (2) in the female, the lateral alae
extend along the tail for a shorter distance. This distance is usually consid-
erably less than one-half the length of the tail in S. caprae, whereas it is
about one-halt or more in 8. ovis.

A difference in periodicity between S. ovis and S. caprae in Ovis aries and
Capra hircus respectively has been observed.  Whether this is host influenced
or is an intrinsic charaeteristic of the pinworm species has not been deter-
mined. However, the author has found a definite nocturnal periodicity in
the migration of mature female S. caprae to the rectum in goats, whereas
periodicity was not evident in 8. ovis-infected sheep. Schad (1957) errone-
ously reported this information as charvacteristic of S. ovis in sheep vs. goats.
However, it is now known that actually two species were involved. Presence
or ahsenee of periodicity may prove to be a useful biological character in
identifying the species of Skrjabinema.

SKRJABINEMA TARANDI Skrjabin & Mitskevich, 1930 (fig. 3 & 5)
Synonyn: Skrjabinema oreamni Swales, 1934 (in part)

Diagxosis: Skrjabinema. Two sub-interlabial projections in males. Pos-
teriorly, alae of female end abruptly dose to tip of tail. Female tail 0.75
mmn. ot longer. Parasite of reindeer and caribou.

Discussion : This is the largest known speeies of the genus, and in the male
18 charaeterized by two sub-interlabial projections (fig. 3). A relatively blunt
tail, bearing lateral alac ending abruptly eclose to the tip of the tail (fig. 5),
distinguishes small S. tarandi females from most large §. ovis and 8. caprae
of like sex. S. parva temales have a similar tail, but the species is much
smaller and its males have no sub-interlabial projections.

Since Swales’ report of S. oreamni from both caribou (Rangifer sp.) and
the mountain goat (Oreamnos), S. oreamni has been considered as the one
speeies parasitizing both hosts.  However, the present study shows that
two speeles actually are involved (i.e., S. ovis in Oreamnos and S. tarandi in
Rangifer, both of which have §. oreamni in part as a synonym). The only
material of Swales’ original collections that is extant is a vial labeled “Colum-
bian Mountain Goat (Oreamnos americauns).” A separate collection from
Ruangifer could not be found. The former is considered the tvpe material of
S. oreamni. However, in the author’s opinion Swales’ original material as a
whole was probably heterogeneous; that is, the speeimens from the carihou
mentioned in his deseription were probably 8. tarandi. Supporting this con-
clusion is one female speemen included with Swales” extant material.  This
specimen is considered as S. farandi. Presumably this specimen was returned
to the wrong vial (i.e., the vial of specimens from Oreamnos).

The preceding discussion explains the author’s decision to place S. oreamni
in part in synonymy with S. tarandi. The latter had bheen incorreetly con-
sidered synonymous with S, oris by Swales.  Skrjabin et al. (1951, p. 108)
have already rve-instated S. tarandi as a valid species but without justifying
their action. This re-instatement is herein justified on the basis of re-
examination of part of the orviginal material. A vial of specimens (U.S.N. M.
#41996) contains a label written in Russian and is attributed to Mitskevieh,
one of the coauthors of the species deseription. The label bears his name
and colleetion data which agree with those given in the original deseription.
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The following material was examined:

U.S.N.M. (#41996), Rangifer sp. (Reindeer), Archangel, USSR

U.S.N.M. (#41268), Rangifer sp. (Caribou), Arctic Slope, Alaska

U.S.N.M. (#55685), Rangifer sp. (Caribou), Brooks Range, Alaska

TWMC, Rangifer sp. (Caribou), Beverly Lake, N.W.T., Can.

RR, Rangifer sp. (Caribou), Barrow, Alaska

RR, Rangifer sp. (Caribou), Brooks Range, Alaska

GKS, Rangifer sp. (Reindeer), Reindeer Depot, NW. T, Alaska

All hosts are Listed as Rangifer sp. since the various available references in
mammalian taxonomy make it difficult for the non-speecialist to determine the
accepted trivial name for the hosts involved.

SKRJABINEMA PARV A Dikmans, 1942 (fig. 4)

DiacNosis: Skrjabinema. Male small (less than 2.00 mm.) without sub-
interlabial oral projections. IFemales with alae terminating abruptly near
tip of tail. Temale tail shorter than 0.06 mm. Parasite of mule deer, Odo-
coileus hemionus.

Discussiox : Although the males of S. parva are similar to those of S. ovis
in not possessing sub-interlabial projections, the former is considered valid.
In the collections available to date, the males are invariably smaller than
males of S. ovis. TFemale S. parva arve distinguished frowm female S. ovis by
the structuve of the tail, in that the alae end abruptly and the postalav tail
length is very short (figs. 4 & 8). In these characters S. parva females re-
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Figure 8. Relationship of length of alate tail sector to length of postalar tail
sector in female Skrjabinema plotted by species and by host.

Copyright © 2011, The Helminthological Society of Washington

e S S e —————



146 PROCEEDINGS OF THE [Vor. 26, No.2

semble 8. tarandi, but the latter is a much larger species and in the male S.
tarandi lip projections are present. The following material was examined :
U.S.N.M. (#43680-1), Odocoileus hemionus; Boise, Idaho
U.S.NAM. (#49201), Odocoileus hemionus; Camp Pendleton, San Diego
County, Calif,
U.S.N.M. (#46454), Odocotleus hemionus; Arkansas River Drainage, Colo.
OWO, Odocoileus hemionus; Arkansas River Drainage, Colo.

OAB, Odocoileus hemionus; Camp Pendleton, San Diego County, Calif.

Discussion or THE GENUS: Monnig (1932) divided Skrjabinema into two
sub-genera depending on whether or not the lips protrude from the mouth
opening. That the lips might be movable and eapable of being drawn into,
or projected from, the mouth was considered hy Monnig. However, he ve-
Jjected this idea on the hasis of the oral morphology, believing that this left
no doubt that the lips were fixed in position. Secondly, on the basis of 10
females examined and assigned hy him to his 2 new species, S. africana Mon-
nig, 1932, and S. alate Monnig, 1932, and of 18 specimens of S. rupicaprae
Bohm and Gebauer (1930), all of which had their lips enclosed by the mouth

vall, Monnig concluded that if' the lips were movable some of these specimens
would have had projecting lips.

In the course of the author’s studies it was noted that, in any one of the
species examined, the lips varied markedly in the degree of projection from
the mouth. Yet, oral morphology of these species was identical with that
deseribed by Monnig. Tt follows then that the lips are not immovable in life
or that post-mortem effects (degeneration, fixation, ete.) cause variation in
this character. Monnig’s second point, that no variation was found in 10
specimens of his speeies and 18 speeimens of S. rupicaprae, is confusing be-
cause he includes both males and females in the same discussion and ignores
the marked sexual dimorphism in oral structures that does exist. The litera-
ture indicates that this dimorphism was not recognized until a later date.
However, how is the uniformity of the female part of the material cited hy
Monnig explainable if the lips are not fixed in a wholly intra-oral position?
In the author’s experience, yvoung specimens and those freshly collected and
uniformly fixed show little variation within lots in the degree of labial pro-
jeetion. It is believed that the lack of variation in the specimens cited by
Monnig can he accounted for in this way. Thus, in the author’s opiuion, the
subgenera Shrjabinema and Chylocrypta Monnig, 1932, are not valid.

In believing these subgenerie characters to be of value, Monnig precluded
1dentication of his species S. «lata and 8. «fricana with S. ovis, since the first
two fell in Chylocrypta while S. ovis fell in Skrjabinema. Therefore a c¢om-
parison with S. oris is not included with his deseription of these species. If,
as the author believes, Monnig’s subgeneric characters are not valid, then dif-
ferences between the latter’s speeies, alata and africana, and S. ovis disappear.
However, it may well he that distinet species oecur in African antelopes, but
these are not recognizable on the hasis of the literature to date.

S. rupicaprac Bohm and Gebauer, 1930, from the chamois (Rupicapra
rupicapra) remains as the only desceribed species, not herein considered, that
may be presently vecognized. It is cleavly chavacterized by the shape of the
female lips but, unfortunately, the male oral structures are not deseribed,
and thus the eharacter given greatest weight in this paper eannot be assessed.
The species could not be restudied since in personal correspondence Dr. Bohm
has informed the author that all his material of S. rupicaprae was lost during
the occupation of Vienna. Additional collections could not be located.
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Setting aside Monnig’s two species as requiring confirmation, then outside
of North America there are three species reported in the literature; these are
S. rupicaprae from the chamois, S. ovis from the gazelle, goat, sheep, and
steinbok, and S. tarandi from the reindeer. These, no doubt, are all valid as
species, but it would seem to the author that, considering the searcity of males
in many collections, the similarity of females, and the numerous misinterpre-
tations of structure in the earlier reports, it is conceivable that more than
one species may be included under S. ovis. As has been shown in the present
paper, in North America at least, S. ovix is not the only species occurring in
goats; both S. ovis and S. carprae are found.
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Aspiculuris ackerti, n. sp., (Nematoda: Oxyuridae) from the
Wood Rats of Arizona*

Fraxcis J. Kruipeyier and KrisHNA N, MEHRA
Department of Zoology, University of [llinois, Urbana

A species of nematode with the general characteristics of the genus Aspicu-
luris Schulz, 1924, was recovered from a series of neotomid rats examined
during a 1954 expedition to the (frand Canyon, Coconimo County, Arizona
(see Kruidenier and Pecbles, 1958).*% Preliminary examination indiecated
that the oxyurid differs appreciably from other deseribed species of Aspicu-
Turis. A differential study of the nematodes was therefore undertaken. The
specific ackerti is proposed in honor of Dr. .J. E. Ackert, Professor Emeritus,
Kansas State College.

*This investigation was supported in part by a research grant (E-1319) from the National
Institute of Health, Public Health Service. Financial support was also furnished by the Uni-
versity of Illinois Graduate Research Board.

*%*Gratitude is expressed to Dr. Donald F. Hoffmeisier, Director of the Museum of Zoology,
University of Illinois who organized the expedition and, with his staff, identified the mammals
collected during the expedition. The valued help of the other mammalogists of the expelition
is gratefully acknowledged. They included Drs. W, H. Davis (Univrsity of Minnesota, St.
Paul) and W. Z. Lidicker (University of California at Berkeley) and Messrs. K. N, Nelson
(Chicago, II1.) and W. Goodpaster (of Cincinnati, Ohio). We also thank Miss A. Boatright,
Seientific Iltustrator, Zoology Department, Univ, of Lll. for enthusiastic cooperation.
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MATERIALS AND METHODS

The organs of the host animals were examined individually and the para-
sites recovered during the expedition were preserved in separate containers
in aceordance with tentative identification, host, and the organ from which
they were recovered. The nematodes were killed in hot, 709 ethyl alcolol
unless fleld conditions necessitated using the reagent at prevailing tempera-
tures. Speecimens were preserved in the alcohol, to which 5% glycerin was
added upon the return to Urbana.

A total of 10 mature female and 3 male Aspiculuris were recovered from
the neotomid rats as follows: 2 Neotoma albignle Hartley, 1894, of 12 ex-
amined, contained 1 male and 9 female Aspiculuris; 1 N. cinerea acraia
(Elliot, 1904) Hooper, 1940, of 3, contained 2 male and 1 female specimens
and none of 10 N. stephensi Goldman, 1932 or 3 N. lepida Thomas, 1893 were
infected. None of the other animals examined during the survey contained
specimens of Aspiculuris.

The worms were studied unstained, after partial clearing in glyeevol. Per-
manent preparations were made of the anterior (en faee) and posterior re-
gions by ringing gelatin-mounted specimens with H & R mounting resin.

DEscrIipTION

The following deseription of Aspiculuris ackerti, n. sp., is based on two
mature males and 10 gravid females.

MarLe: Length, 4.64 mm. (4.41-4.87 mm.); width, 0.168 mm. (0.162-0.174
mu.), anterior esophagus, 0.267 mm. (0.264-0.271 mm.) x 0.039 mm. (0.039-
0.040 mm.); esophageal bulb, 0.150 mm. (0.145-0.155 mm.) x 0.075 mm.
(0.071-0.079 mm.) ; total length of esophagus, 0.417 mm. (0.409-0.426 mm.) ;
distanee from anterior end to nerve ring, 0.158 mm.; cuticular vesicle, length,
0.099 mm. (0.097-0.105 mn.); length of tail, 0.259 mm. (0.238-0.280 mm.);
caudal alae (with two deep notches each), length, 0.382 mm. with 0.185 mm.
to first noteh, 0.079 mun. hetween first and second notehes and 0.118 mm. be-
tween second notch and end of alae; 11 caudal papillae, 2 preanal, 2 adanal,
and 2 postanal pairs closely associated with anus, a single median and 2
postanal pairs.

FemaLe: Length, 5.5-6.8 mm. (6.2 mm.); width, 0.197-0.232 mm. (0.210
mn.) ; anterior esophagus, 0.290-0.348 mm. (0.317 mm.) x 0.042-0.052 mm.
(0.044 mm); esophageal bulb, 0.145-0.171 mm. (0.158 mm.) x 0.068-0-0.087
nmi (0.080 mm.); total length of esophagus, 0.445-0.511 mm. (0.476 mm.);
distance from anterior end to nerve ring, 0.155-0.185 mm. (0.168 mm.), to
valva, 2.1-2.5 mm. (2.3 mm.), to lateral cervical alae, 0.037-0.044 mm. (0.040
mm.) ; cervical alae, 0.522-0.603 mm. (0.561 mm.) x 0.031-0.039 mm. (0.036
mm.) ;length of cuticular vesicle, 0.092-0.132 mm. (0.105 mm) ; length of tail,
0.232-0.690 mm. (0.445 mm.) ; uterus (terminal egg) extends 0.232-0.690 mm.
(0.445 mm.) from tip of tail; eggs, 0.097-0.106 mm. (0.101 mm.) x 0.039-
0.047 mm. (0.044 mm.).

Prororrioxs, Femarnes: Total length/width, 25-34 (30) ; total length /total
length of esophagus, 12.3-14.2 (13): length of ant. esophagus/width of
antertor esophagus, 6.0-8.3 (7.2); total length/length of tail 7.7-9.7 (8.5);
total length/distance from anterior end to nerve ring, 32-41.1 (37.3); total
length /distanee from anterior end to end of cervical alea, 10.4-12.2 (11.5);
total length/distance from anterior end to vulva, 2.6-2.8 (2.65); length of
esophageal bulb/width of bulb, 1.8-21 (1.9); length of cggs/width of eggs,
2.0-2.4 (2.2).
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Ilosts: Neotoma albigula—U. of 111, Museum #11650

N. cinered

U. of IIl. Museum #11688

Hapirar: Intestine
Locariry : Coconimo County, Arizona
Hororver: U.S. Nat'l Mus. Helm. Coll. #56163

A uterine loop extends characteristically well beyond the anus into the tail
of the femuale (Fig. 2). The excretory pore is very difficult to see. We believe
that it lies at the approximate level of the posterior margin of the esophageal

bulh.

The Iateral alae ave very slender. The caudal alac are so deeply notched

Figure
Figure
Figure
female.
TFigure
Figure
papillac of the male.

1
2.
3

4.
5.

Anterior end showing esophageal bulb and cervieal alae.
Posterior end showing posterior uterine loop.
Anterior end (en face) showing the three undivided lips of the

Auterior end (en face) showing the divided lips of the male.
Posterior end showing the terminal caudal alae and the posterior
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that they could be interpreted as 3 hilateral pairs of alae in alignment along
the posterior ends of the males (Fig. 5). The tails of the males extend dis-
tinctly heyond the posteriormost margins of the terminal alar units.

The lips (Figs. 3 & 4) differ in the male and female specimens. The females
possess three distinet, undivided lips, one is dorsal and 2 are subventral.
Although the males also possess one dorsal and 2 subventral lips, each lip is
distinetly subdivided into two equal portions so that a superficial appearance
of 6 lips in 3 groups is imparted. The secondary divisions are not as distinet
as the interlahial clefts.

Discussiox

Nine species of Aspiculuris have been described previously. 4. ackerti
differs from each of these in the details of the actual and proportional dimen-
sions of its various organs. It can be most readily distinguished, however, on
the basis of gross morphological features. Thus it differs from A. caviellae
Freitas et al, 1937, in the possession of a distinct cephalie euticular inflation
which is absent from the latter. The gradual posterior attenuation of its
cervieal alae (Fig. 1) distinguishes it from all species except A. asiatica
Schultz, 1927, which it resembles most closely. The cervical alae of the
other species (namely, A. dinniki Schultz, 1927, 4. emericana Erickson, 1938,
A. lulorica Akhtar, 1955, A. pakistanila Akhtar, 1955, A. tetraptera Nitzsch,
1821, A. schulzi Popov and Nazarovo, 1930, and . kazakistanika Nazarova
and Sveschinikova, 1930), possess an abruptly recurved or sickle-shaped
posterior margin. The caudal alae of A. ackerti terminate an appreciahle
distance from the tip of the tail while these structures of A. asiutica were
specifically described as extending around the tip of the tail (Schultz, 1927).

The division of the dorsal and both subventral lips of the males of A.
ackerti is unique. Chitwood and Chitwood (1950: pp. 59-60) note a similar
division of only the dorsal lip of A. tetraptera and do not reeord sexual
dimorphism for this character. The divisions in our specimens are distinct in
the male and no tendency toward the separation ean be seen in the female
specimens studied by us.
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Studies on Xiphinema spp. (Nematoda: Dorylaimoidea) from
Aligarh (North India), with Comments on the Genus Longidorus
Micoletzky, 1922

M. Rariq SippiqQr*

It 1s for the first time that an account is being published of the so-called
dagger nematodes, Xiphinema spp. from India. Loos (1949) reported five
species of these nematodes from Ceylon, only one of which is found in Ali-
garh. These nematodes mostly attaeck valuable fruit trees and as, in many
instances, they occur in enormous numbers, it is not unlikely that the dagger
nematode situation is quite sertous in this country. In all, five species of
the genus Xiphinema Cobb, 1913, of which three are new, are deseribed.
This ineludes the deseription of two forms whose present position is still
uncertain because they sharve some of the diagnostie characters of the genus
Longidorus Mieoletzky, 1922,

Xiphinema brevicaudatwm Sehuurmans Stekhoven, 1951 (Fig. 1, A-D)

MeASUREMENTS: 10 females: Length = 3.5-3.89 m.; a = 125-138; b =
11.3-14.8; ¢ = 87.5-109.4; V = 744749, 4.53.59, 1854, spear = 65-68 microns;
spear extension = 41-45.5 mierons.

8 larvae: Length = 1.803-2.615 mun; a = 95-112; h = 8.3-11.4; ¢ = 51.5-
68.2; spear = 49-37 microns; spear extension = 23-42 mierons.

Feaare (Holotype) : Length = 355 mm.; a = 135; h = 14; ¢ =
V = 950.19,5-4,

Body long and slender, assuming a spiral form when the worm is killed by
gradual heat, and tapering towards both the extremities, Anteriorly the neck
expands and forms a knob-shaped head which is 9.5 mierons in diameter.
Two narrow lateral fields originate from the antertor end of the oesophagus
as narrow streaks which later expand to become 2/9th and 2/7th as wide as
the eorresponding hody diameter at the base of the neck and middle of the
body respectively.  There are two series of lateral pores arranged in two
lines e each lateral field throughout the major portion of the body. These
pores appear to lead into large hypodermal pouches arranged in a serial order
beneath the lateral fields.

91;

Body cuticle very finely striated, appearing in two layers, heing thickest at
the anterior end of the neck and the caudal terminus. Longitudinal striae
also present. An en face view shows the usual sixteen labial papillae ar-
ranged in two eirelets, namely, an inner of six and an outer of ten. Amphid
apertures very minute and exceedingly difficult to sce. Large amphids ap-
pear to encirele the head. Bueeal spear long and attenuated, measuring 68
microns in length and joined posteriorly with jts extension which is 42 mi-
erons 1n length. The latter bears distinet basal swellings in the form of
flanges which are one-fifth as wide as the corresponding hody diameter.
Guiding ring situated at a distance of four labial diameters from the anterior
end and approximately at about the level of the middle of the spear.

Oesophagus comprises two parts, the anterior slender portion which is
4.5 microns in diameter and a ¢ylindrieal posterior bulb, 64 microns long by
12 microns wide, containing oesophageal gland nuelet of which the nucleus of
the dorsal oesophageal gland is distinet.  Nerve ring situated posterior to the

*Department of Zoology. Aligarh Muslim University, Aligarh (U. P.), Tndia.
The author is thankful to Dr. M. A. Basir under whose guidance this work was done.
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base of the spear extension. Oesophago-intestinal cells form a well devel-
oped, bluntly rounded, conoid cardia which projects into the lumen of the
anterior end of the intestine.

Vaulva a slit-like aperture, situated at the middle of the body. Before lead-
ing into the lumen of the uteri, the vagina extends into two short, blunt
diverticulae. Uterine chamber 25 microns long, with a prominent lumen.
Uteri highly extensile, joined to their corresponding oviducts by a small,
muscular valvular apparatus. Ovaries symmetrical, reflexed; odecytes ar-
anged in single file except for a short region of multiplication where they
form double rows. Anterior ovary on the left and posterior on the right side
of the intestine,

Intestine filled with large-sized food globules. Prerectum 8 per cent of the
total body length. Rectum short, about one anal body diameter in length,
opening outside through a conspicuous anus. Tail elongate-conoid, with a
broadly rounded terminus. Caudal pores of the lateral fields probably three
although not clearly seen.

Larvae: Body assumes a spiral form when killed by gradual heat. Lip re-
gion similar to that of female. Spear extension bears distinet basal flanges.
A second spear invariably present in the anterior slender part of the oesoph-
agus. Tail elongate-conoid.

Hororyre: Female colleeted on November 1, 1957, slide deposited with the
Zoology Museum, Aligarh Muslim University, Aligarh (U. P.), India.

Pararypres: 9 females and 8 larvae collected from soil about roots of sugar-
cane; other data same as for holotype.

Hosr: Collected from soil around roots of sugareane, Saccharum offici-
narum L.

LocariTy : Aligarh (U. P.), India.

DIAGNOSIS AND RELATIONSHIP: Xiphinema with a long slender body, with
basal flanges on spear extension, and with spear guiding ring located much
behind the lip region. This species is distinetive because of long, attenuated
hody; a well set off, knobh-like head; spear guiding ring located near middle
of the spear; location of vulva at middle of the hody; and an elongate-
conoid tail with obtuse terminus.

Xiphinema brevicandation is at onee distinguished from all the known
species of the genus Xiphinema by its knob-like head and anteriorly placed
guiding ring. With these characters together with a slender body and large
amphids it comes near to Longidorus elongatus (de Man) Thorne and Swan-
ger, 1936, from which it differs in the more posteriorly located guiding ring
and the presence of distinet flanges on the base of the spear extension.

The original description of X. brevicaudatum by Schuurmans Stekhoven
(1951) is limited to a larval speeimen which was collected avound Ageratim
roots in Belgian Congo.

Xiphinema indicum n, sp. (Fig. 1, BE-G)

MeASUREMENTS : 15 females: Length = 1.983-2.241 mmm.; a = 50.8-60.5;
b = 5.5-6.8; ¢ = 24.5-30.9; V = 30.3-33.3%; spear = 101-106 microns; spear
extension = 57-61 microns.

Larvae: Length = 0.75-1.371 mm.; a = 31.2-43; b = 3.4-4.2; ¢ = 10.7-18.2;
spear = 54-90 microns; spear extension = 39-51 microns.

FemaLe (Holotype) : Length = 219 mm.; a = 57.6; b = 6.8; ¢ = 26.7;
M= 30_3(7610,2.

Copyright © 2011, The Helminthological Society of Washington
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Y50

Figure 1. A-D—Xiphinema brevicaudatum. A. Anterior end of female. B.
Reproductive region of tfemale. C. Posterior end ot female. D. En face view.
E-G—Xiphinema indicum. E. Oesophageal region of female. I. Tail end ot
female. (. Reproduetive region of female.
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Body elongate, slender, attaining its maximum width at the region of vulva
and tapering anteriorly to Lip region which is marked oftf from the neck con-
tour, and posteriorly to an clongate, evenly tapering tail. When killed the
wornt assumes a slightly arcuate position. Amphids erescent-shaped, located
at the base of lateral lips. Lip region 11 mierons in diameter and 5 mierons
high bhearing six papillae tn inner and ten in outer cirelet. Lateral fields
threc-elevenths of hody-width at mid-body region and bearing a double series
of lateral pores. Posteriorly the former narrow considerably behind the
level of the anus and end slightly antevior to the caudal terminus.  Cuticle
finely striated. Tt is thiekest at the anterior end of the neck, at the region
of the vulva and the tail terminus.

Spear long and slender, 105 microns in length. At the junection with its
extension it splits up to give a firm attachment to the former. Spear exten-
sion HS mierons long bearing at its base large-sized flanges which are 10
microns wide.  Due to slightly protruding position of the spear the two guid-
g rings are set at 27 microns apart, the posterior one eneireling the anterior
end of the spear extension. Normally they lie closer and slightly anterior to
the proximal end of the spear, as shown in Ifig. 1K.

About 25 microns behind the base of the spear extension and lving em-
bedded in the wall of the anterior portion of the oesophagus is a triangular
cuticularized piece resembling the apex of the spear. The same structure has
also been found in X. americanum and X. hasiri. No funetion has vet been
assigned to it. As its position in the adult oesophagus is a constant feature
it 1s presumed to be associated with formation of a new spear whenever
the older one ix shed or lost.

Nerve ring loeated 67 microns hehind the base of the spear extension.
Oesophageal bulh 80 microns long by 19 microns wide. Nueleus of the dorsal
oesophageal gland distinet.  Cardia conoid, not well developed.  Anterior end
of the mtestine with a pronounced lumen. Intestinal cells packed with food
granules,

Vulva a transverse slit, one-third the corvesponding body diameter in width.
I'rom it, at right angles to the ventral surface of the hody, a thick-walled
vagina with cuticularized inner lining leads into the lumen of the uterine
chamber.  Before opening into the latter, the lumen of the vagina extends
length-wise to the body for a short distanee thus forming two symmetrical,
short diverticulae. Details of the distal ends of the uteri and their oviduets
obseure.  Ovaries asyvmmetrical, rveflexed.  Anterior ovary rudimentary, 28
microns in length posterior one enormously developed being 176 microns long.
In paratypes too the anterior ovary is never normal.

Prervectum conspicnously marvked off from the intestine, 17 per cent of the
total body length. Rectuwm 26 microns long, opening outside through a con-
splenous anus.  Tail elongate, shightly aveuate, evenly tapering, measmring
82 mierons in length. Tt bears only three pairs of caudal porves which ave
arranged as ilustrated (Fig. 1, T). Terminus of the tail hemispheroidal,
smoothly rounded.

Mare: Unknown.

Larvae: Lip region and body similar to that of female. A developing
spear which is alwavs larger thau the functioning one is present in the
oesophageal wall.  Tail is proportionately longer than that of the adult fe-
male.

Hororyre: Female collected on December 19, 1957, slide deposited with
the Zoology Museum, Aligarh Muslim University, Aligarh (U, P.), India.
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Pararyres: Hundreds of females collected about roots of Grewiu asiatica
L.; other data same as for holotype.

Typr 1ost: Collected from soil around roots of Grewia asiatica L.

Tyrk Locantry : Aligarh (U. P.), India.

HOSTS AND GEOGRAPHICAL DISTRIBUTION : In Aligarh ouly the above-men-
tioned host has been found to be attacked by this parasite. Iowever, speci-
mens were also reeovered by the author from soil samples collected around
coffee roots in Ossoor Estate, Tlasan Distriet, south India in November, 1957.
These samples were kindly sent by Dr. P. Soma Sekhar of the Coffee Re-
search Station, Balehonnur, South India.

DIAGNOSIS AND ReLaTIONSIIP: Xiphimema with the above measuvements
and general deseription. Tt can casily be distingunished from other species of
the genus by the anteviorly placed vulva, didelphie condition of the gonads,
presence of a triangular, cuticularized piece in the anterior slender portion of
the oesophagus, a uterine chamber and eclongate, slightly arcuate, tapering
tail with three pairs of caudal poves.

X. indicum comes closest to X. insigne Loos, 1949, hut can be distinguished
by having a slightly longer spear and only three pairs of caudal pores as
compared to seven Tor the latter. It also resembles X. ensiculiferum (Cobb,
1893) Thorne, 1937, and X. krugi Lordello, 1955, but can be distinguished
from them by its elongate, ventrally arcuate tail.

Xiphinema amervicanwn Cobh, 1913 (Fig. 2, A-(1)

MeasureyiNTs: 15 females: Length = 1.55-1.73 mm.; a = 41.5-45.5; b =
5-6.7; ¢ = 45.5-48.1; V = 50.5-53.6%.

1 male: Length = 1.52 mm.; a = 51.5; b = 5.7; ¢ = 46; T = 409%.

Fusrane (Neotype) @ Length = 1.622 mm.; a = 45; b = 5.8; ¢ = 47.7;
" — lli,.\’,’s‘}c/ 19.1
= 168530101,

Body cylindrical with tapering ends, assumes a spiral form when relaxed
in hot water. Lateral fields one-fourth as wide as body diameter at the middle
of the worm. Tiateral pores not in definite lines. TLip region slightly set off
from the body contour. An enface view shows six similar, perfectly amalga-
mated lips bearing an inner cirelet of six and an onter of ten papillae. The
papillae of the outer civelet are arranged in two definite levels (Chitwood
and Chitwood, 1950) forming an inuer cirelet of four and an outer of six.
The two lateral lips do not bear any such projections as deseribed by Tarjan
(1956). Amphids opening at the base of lateral lips through erescentie aper-
tures, each measuring 4.5 microns wide.

Spear 79 microns in length, with a 45.5 microns long extension wlose hasal
flanges measure 9 microns across. Double guiding rings, 18.5 microns apart,
situated near the junection of the spear and its extension. A small, triangular,
cuticularized structure present in the wall of the anterior slender portion of
the oesophagus near its middle. Nerve ring about 40 microns posterior to
base of the spear extension. Cardia large, conoid. Intestinal cells packed
with food granules.

Vulva a transverse slit, situated near the middle of the body, leading into a
thick-walled vagina which is two-fifths the vulvar body diameter long. Uteri
long and highly extensile. Ovaries roughly symmetrical, reflexed, with
oveytes arranged in single file. Uterine egg measuring 157 microns hy 27
mierons. Prerectum not clearly distinguishable. Rectum short, about half
the anal body diameter long. Tail conoid, with caudal pores as illustrated
(Fig. 2, B).
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Mark: Body similar to that of female. Spear 74 microns long; its exten-
sion measuring 47 microns in length, Nerve ring 20 microns hehind the base
of the spear extension. Cardia conoid, protruding into the lumen of the
anterior end of the intestine,

Testes paired; the anterior 132 mierons long, outstretched, the posterior
114 microns in length, directed towards the tail. Just behind the eap-cell the
spermatogonia are not distinetly marked out but beyond it they oceur in
double rows for a short distance and then come to lie in multiple lines.

Besides a pair of adanal papillae there are six ventromedian supplementary
papillae extending within a distance equal to 4 spicula lengths from the anus.
They are spaced as illustrated (Fig. 2, F). Each papilla is distinetly elevated
and bears a nerve ending. Copulatory musculature powerfully developed.
Strongly built spicula 36 microns long, sharply curved in the middle. Each
15 re-enforced with a stout accessory piece which is joined posteriorly with
its distal end and anteriorly with the proximal end of its ventral prong (Fig.
2, (i). Protractors of the spicules prominent. Prervectum indistinet. Tail
dorsally convex-conoid, with two pairs of caudal pores.

Neorype: Female, colleeted around roots of citrus on March 18, 1957
slide deposited with the Zoology Museum, Aligarh Muslim University, Ali-
garh (U. P.), India.

Pararypes: Hundreds of females collected about roots of citrus trees and
one male ecollected in March, 1957; other data same as for neotype.

HOSTS AND GEOGRAPHICAL DISTRIBUTION : X. americanum enjoys a wide
range of distribution in U. S. A. Tarjan (1956) reported it as one of the
most common phytonematode species of Rhode Island. Meyl (1954) reported
this species from Ischia Island, Italy. Loos (1949) described only female
specimens which were collected only once from soil of a coconut estate near
Kurunegala, Ceylon. The author has collected specimens from at least ten
districts of Uttar Pradesh, a North Indian state. Following hosts have been
recorded from India: Citrus limon (L.) Burm., C. aurantiuvm l., C. sinensis
(L.) Osbeck, Grewia asiatica L., and Magnifera indica L.

DIAGNOSIS AND RELATIONSHIP: Xiphinema with the above measurements
and general description. Distinetive beeause of its short body which hecomes
spirally coiled when the worm is killed hy gradual heat, the length of the
spear, position of the vulva and dorsally convex-conoid tail.

Present specimens appear to be identical with those deseribed by Cobh
(1913), Loos (1949) and Tarjan (1956). The male specimen described here
is apparently smaller in size than that of Cobh (1913) and Oregon specimens
of Tarjan (1956). However, it conforms very closely to the Rhode Island
specimens deseribed by Tarjan (1. e.) although there are certain difterences,
as for example, in the form and size of spicules and arrangement of the sup-
plementary papillae—the charaeters which vary within this species as pointed
out by Tarjan (L. ¢.).

Xiphinema basiri n. sp.* (Fig. 3, A-II)

MEASUREMENTS : 35 females (averages given within brackets) : Length =
2.65-3.437 mm, (3.1 mm.); a = 57.3-71.9 (61.7); b = 6.4-8 (7.6); ¢ = 61.8-
80 (69); V = 49.8-52.69% (50.7%) ; spear = 111-125 microns (119 microns) ;
spear extension = 57-63 microns (60.6 mierons).

1 male: Length = 3.027 mm.; a = 703; b = 6.8; ¢ = 643; T = 7

umed after Dr. M. A. Basir.
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Feamave (Holotype) : Length = 2.76 mm.; a = 61.3; b = 7.1; ¢ = 67.3;
V = 925019128,

Body long and ecylindrieal, regularly tapering towards the extremities.
When killed by gradual heat the worm assumes a spiral form in which the
posterior half is mainly curved and the anterior becomes slightly arcuate.

S0u

Figure 2. Xiphinema amecricanum. A. Oesophageal region of female. B. En
face view. C. Lateral field and pores in female. D. Reproductive region of female.
E. Tail end of female. F. Posterior end of male showing supplements. G. spicule.

Copyright © 2011, The Helminthological Society of Washington
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Lip region only slightly marked off from the body. Anterior end somewhat
truncated. Awmphids stirrup-shaped, three-fifths of the lahial diameter. An
en face view shows a large central oral opening bounded by six similar,
amalgamated lips bearing the usual six papillae in inner and ten in outer eir-
clet. Lateral fields approximately one-fourth of the bhody diameter. Double
series of lateral pores present throughont the body except in the anterior
region where they are serially arranged. Dorsal and ventral series of pores
present near the anterior end of the body.

Spear or odontostylet 112 microns long, with a 60 microns long extension
which hears powerful flanges at its base. Two guiding rings, 22 microns
apart, located near the junction of the spear with its extension. Nerve ring
at 47 microns posterior to base of spear extension. A small triangular cutieu-
larized piece resembling the apex of the spear is present at about the level of
the begining of its posterior third. Spear in larvae is shed with its gniding
rings and a new larger spear which develops in the walls of the auterior slen-
der portion of the oesophagus takes its position (Fig. 3, G.&IL.). Oesoph-
ageal bulb contains a large nuceleus of the dorsal ocsophageal gland and the
usual pairs of anterior and posterior submedian gland nuclei.  Cardia large,
conoid, protrnding into the pronounced Immen of the anterior end of the
intestine.  Intestinal eells packed with granules of varions sizes.

Vulva a depressed transverse slit, one-third the vulvar body diameter in
width.  Vagina thick-walled, leading into two short diverticulae. Powerful
mnseles, similar to those described by Tordello (1955) for X. krugi, are at-
tached to vulva and vagina. Uterine chamber is 49 microns long, with thick
muscnlar walls and enelosing a prominent lumen. Uteri long, with muscular
walls,  Ovaries symmetrical, rveflexed; obdeytes mostly arranged in double
rows. One egg n a paratype female measnred 178 microns by 35 microns.

Prevectum 12.6 per eent of the total body length, marked oft from the in-
testine by a lesser diameter and fewer granules in the cells. Reectum slightly
longer than the anal body diameter, opening outside throngh a conspicuous
anns. Tail sub-digitate with four pairs of candal pores and finely, radially
striated cuticle.

Mane (Allotype) : Body similar to that of female. Spear 125 mierons in
length, with an extension measuring 63 microns.

Supplements consist of a pair of ventro-submedian papillae and a ventro-
median series of four which are regnlarly spaced, the first beginning at about
one-and-a-half spienla length from anus. Copulatory musculature strongly
developed. Spicules similar, measuring 60 mierons in length. They are dis-
tinetly cephalated and ventrally arenate, a sharp eurvature oceurring at the
middle. Kach spicule is strengthened with two aceessory rod-like pieces which
are joined with its distal end and lie freely bhetween the two prongs. The
ventral piece is bifurcated at its distal half and measures 55 microns in
length, the dorsal one is a solid piece measuring 33 microns long (the details
of the spicules were examined while the worm was alive). Protractor and
retractor muscles of the spieula very distinet.

Preveetum clearly marked off from intestine, 10.9 per cent of the total
body length. Tail similar to that of female, with four pairs of caudal pores.

Larvag: Length = 0.79-2.51 mm.; a = 39-57; b = 3.7-6; ¢ = 17.5-44.8;
spear 47 = 107 microns.

Body beeomes acruate on death. A developing spear, larger than the fune-
tioning one, is always present in the anterior slender portion of the oesopha-
gus. Tail cylindrieal, tapering to a bluntly rounded terminus.
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Hororype: Female collected on April 8, 1957; slide deposited with the
Zoology Musewm, Aligarh Muslim University, Aligarh (U. P.), India.

Annorype: Male collected on April 10, 1957 from soil about roots of Citrus
sinensis (L.) Osbeek; other data same as for holotype.

Pararvyees: Hundreds of females; other data same as for holotype.

S
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Tigure 3. Niphinema basiri. A. Female. B. En face view. (. Tail end of
female. D. Tail end of male. K. Posterior end of male showing supplements.
I, Larval tail showing anlage of spicules. G. Oesophageal region ot larva showing
fully developed spear in oesophagus. I, Anterior end of moulting larva,
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TypE HOST: Citrus sinensis (L.) Osbeck.

TypE LocaLITY : Aligarh (U. P.), India.

HABIT, HABITAT AND GEOGRAPHICAL DISTRIBUTION : Hectoparasitically feed-
ing on roots of oranges, Citrus sinensis (1.) Osbeck. Lives in soil around
roots and forms colonies of large numbers of females and larvae in various
stages of development. Specimens have also been collected from soil about
roots of oranges in Jhansi (U. P.), a town about 300 miles south of Aligarh.
It is assumed that this parasite is fairly well distributed in U. P.

DIAGNOSIS AND RELATIONSHIP: Xiphinema with the above measurements
and genral description. It can easily be recognized by its body length, 2.65-
3.437 mm.; spear measuring 111-125 microns in length; vulva located just at
the middle of the body; presence of a uterine chamber; ovaries with most of
the obeytes arranged in double rows; a sub-digitate tail; four submedian sup-
plements and size and structure of the spicules.

X. basiri is most closely related to X. index Thorne and Allen, 1950, and
X. diversicaudatum (DMicoletzky, 1927) Thorne, 1939. It is distinguished from
X. indez by a slightly marked off lip region, a longer spear, a more posterior
position of the vulva, presence of a uterine chamber and large guiding pieces
and musculature of the spicula. It differs from X. diversicaudatum in having
a shorter spear, more posterior position of vulva, greater width of the body,
greater length of the neck, the smaller ratio of the tail with the body, presence
of only four pairs of male candal pores as compared with six for diver-
sicandatum and a smaller length of the body.

It has also some affinities with X. mammilatum Schuurmans Stekhoven and
Teunissen, 1938, beeause of its body length and digitate tail but can easily be
distinguished by having a shovter spear and more posteriorly located vuiva.

Xiphinema citri n. sp. (Fg. 4, A-G)

MuasureaeNTs: 8 females: Length = 6.73-7.448 mm.; a = 122-142; b =
12-145 ¢ = 183-197; V = 43.3-44.89,; spear = 128-139 micron; spear exten-
sionn = 70-75 microns.

Feyvane (Holotype) : Length = 6.8 nun.; a =141; h = 13.6; ¢ = 183; V =
3.813 39,44,

Body almost eylindrical, only slightly tapering at both ends, becoming
spirally coiled when the animal is killed by gradual heat. Lip region smoothly
rounded, set off from the neck, measuring 18 microns wide by 5.5 mierons
high. Behind the lip region the two lateral fields begin as narrow strips
formed by two lines which regularly widen out to become one-eighth of the
body diameter at the base of the neck. The fields become one-fifth as wide as
the body diameter on the middle of the worm. They attain their maximum
width at the posterior end of the body. There is a series of lateral hypo-
dermal pouches whieh open to the exterior through pores which correspond
in number with them. At the anterior end these pores arve arranged in one
line but behind the oesophageal region the openings are irregularly displaced
and appear to form a double series. The first pore from the anterior end
is situated 24 mierons behind the lip region.

An en face view shows an inner circlet of six and an outer of ten labial
papillae. The papillae of the outer civelet are arranged in two different
levels; those close to amphid apertures lie nearer to the hase of the lips (Fig.
4, D). Amphid apertures very minute and difficult to see. Amphids only
7 microns wide, not eneircling the head completely (Fig. 4, E).
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Figure 4. Xiphinema citri. A. Anterior end of female. B. Oesophageal region
of female, C. Posterior end of female. D. In face view. K. Amphids at the base
of the lip region. F. Flanged base of spear extension. G. Reproductive region of
female.

Copyright © 2011, The Helminthological Society of Washington



162 PROCEEDINGS OF THE [Vorn. 26, No. 2

Odoutostylet 133 mierons in length; its extension measuring 72 microns
long, with distinet basal flanges at its base (Fig. 4, F'). A new spear is formed
in the walls of the anterior slender portion of the oesophagus. Spear guiding
ring located two cephalic diameters posterior to the anterior extremity. An-
terior slender portion of the oesophagus a narrow tube, enveloped by nerve
ring at slightly anterior to its middle. Oesophageal bulb e¢ylindroid, 112
microns long by 2 microns wide. Nucleus of the dorsal oesophageal gland
prominent. No distinet cardia present. Intestine with a large lumen at its
anterior end. Intestinal ecells packed with food granules of uniform size.

Genital organs consist of a transverse, slit-like vulva located anterior to
middle of the body, an extensible vagina leading nearly half-way in the body
into a uterine chamber with a well-marked lumen, two uteri with highly ex-
tensile walls and a paiv of oviduets and ovaries. A muscular valve 18 present
at the junction of each uterus with its oviduet. Walls of the oviducts also
extensile. Ovaries similar and reflexed.

Prerectum ahout 400 microns long. Rectumn almost equal to the anal body
diameter, opening outside through a conspicuous anus. Tail dorsally convex-
conoid with two pairs of lateral hypodermal pouches and their corresponding
pores. Caudal terminus obtuse, smoothly rounded.

Hovoryri: Female collected on August 7, 1957; slide deposited with the
Zoolozy Muscum, Aligarh Muslim University, Aligarh (U. P.), India. Male:
unknown.

Pararyres: 7 Females and 5 larvae; other data same as for holotype.

Tyrr HosT: Colleeted from soil about roots of Clitrus limon (L.) Burm.

Typu rocariry : Aligarh (U, P.), Tndia.

DIAGNOSES AND RELATIONSHIV : Xiphinema because of slender body, amphids
not encireling the head completely and presence of flanges on the base of the
spear extension. The species is distinetive because of the greatly attennated
body, a well set off 1ip region, a long spear with its guiding ring located near
its apex, position of the vulva and a short, dorsally convex-conoid tail.

In its large size of the hody X. eitri resembles X. eylindricandatum
Schuurmans Stekhoven & Teunissen, 1938, but can easily be distinguished by
its extremely slender body, anteriorly located nerve ring, smaller length of
the oesophagus, more anteriorly placed vulva and a short, dorsally eonvex-
conoid tail.

GeNUS Longidorus Micoletzky, 1922

The characters by which the genus Longidorus Micoletzky, 1922, is dif-
ferentiated from its uecarest relative Xiphinema Cobbh, 1913, are the fol-
lowing :

1) Body long and greatly attenuated.

2) Amphids abnormally large, practically encireling the head; amphid

aperature very minute and difficult to see.

3) Spear greatly attenuated, with guiding ring located near its apex.

4) Spear extension without basal swellings or flanges.

The species described here as Xiphinema brevicaudatum is close to
Longidorus in having (1) a long, attenuated hody, (2) large amphids which
envelop the head and (3) a greatly attenuated spear with forwardly placed
guiding ring. Similarly X. citri has a long, attenuated hody and a slender
spear with guiding ring located near its apex. But, due to the fact that both
of these forms possess flanges or basal swellings on the spear extension, these
have been grouped under Xiphinema.
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Further findings of such forms as X. brevicaudatum and X. citri might
help in either erecting a new genus lying intermediate between Longidorus
and Xiphinema or even challenging the validity of the former.
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Errata
In the paper by Hwang (Proc. Helm. Soe. Wash. 26(1) : 47-50. 1959) the
specific name of the quill mite is misspelled in the title, the ¢ and t having been
transposed. The correct spelling as used in the text is S. bipectinatus. On
page 48 the plate was printed upside down resulting in the misidentification
from the legend. To correct read “right” in place of left and “center and
left” in place of center and right.
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This book swnmarizes the available information on life eycles, habitats, plant
hosts, nature of injury, distribution, and control of the nematodes known to injure
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MINUTES

Three hundred fifty-seventh through the three hundred
sixty-fourth meetings

357th meeting: Maloney Chemistry Laboratory, Catholic University of
Ameriea, Washington, D, C., 22 October, 1958. Buhrer reported Society is
exempted from paying Federal Inecome Tax. Paper presented: The VIth
Tuternational Congresses of Tropical Medicine and Malaria, by Beye; the
July 1958 Colloquim of the International Commission on Zoological Nomen-
clature, by Wharton; the 1958 World’s Poultry Congress, by Welr; Im-
pressions of Veterinary Scienee in U.S.8.R., by Enzie.

358th meeting : Log Lodge, Agricultural Research Center, Beltsville, Md., 21
November, 1958. Nominating comumittee presented following slate of officers:
M. A. Stirewalt, President; G. W. Luttermoser, Viee-President; K. M.
Buhrer, Corresponding Seeretary, and D. R. Lincicome, Recording Secretary.
A. L. Taylor eleeted to Editorial Committee for 1959. C. M. Herman ap-
pointed as rvepresentative to Washington Acad. Science. Affiliation with
American Society of Parasitologists tabled. Grace S. Cobb appointed Assist-
ant Corresponding Secretary-Treasurer. Papers presented: Impressions of
Veterinary Science in U.S.S.R. (part 2), by Knzie; Cephalic structure of
Haemonchus, by Douvres; Treatment of dog demodectic mange, by Colglazier;
Materials to replace charcoal in fecal cultures, by Shorb; effect of parasite
exposure and grain supplementation in Hereford yearlings on fescue pasture,
by Vegors, Ciordia, Bizzel and Baird; Axenic culture of Entamoeba invadens,
by Diamond; Infection of Sheep and Goats with Coccidia, by Leck.

359th mecting: McMahon Hall, Catholi¢ University, Washington, D. C., 17
December, 1958. Slate of officers presented at 358th meeting elected. Papers
presented: Lower threshold for imnmnity to Nippostrongylus in rats, by
TTarley; Transfer of immunity to Nippostrongylus from mother to young,
by Langenkamp; Parasitic barnacles and Charles Darwin, by Reishman;
New wildlife disease journal published on microcards, by Herman; Chiggerv
pathogenie to black duck, hy Clark.

360th meeting: Naval Medieal Research Tustitute, 21 January, 1959. Annual
Editorial Board report read by Foster. Affiliation with the American Society
of Parasitologists voted with provision that society can not comply with Art.
VI, Sec. 4 of the American Soc. Parasitologists’ By-Laws. Papers presented :
Development of avian malaria exoerythroeytic stages in tissue culture, a mo-
tion picture by Huff, Pipkin, Weathershy and Jensen; Interference Micro-
scope study of living exoeryvthroeytie stages of Plasmodium fallar, motion
picture by Weathershy, Jensen and Shivoishi; Biophysieal properties of
isolated CIHR and cercarial agglutinating factor from human antiserum to
Schistosoma mansoni, by Evans and Stirewalt; Trypanosome growth-tactor
reduction by starvation, by Lincicome and Hinnant; motion picture on
Middle East Hydatid Disease, hy Pipkin.

361st mecting: Home Economics huilding, University of Maryland, College
Park, 18 February, 1959. Announcement made of receipt of honorary doctor’s
degree by MecIntosh from University of Miami. Annual report of treasurer
read. Following action of Exceutive Committee read: voted $30.00 as con-
tribution to Washington Acad. Sci.; approved increase in size of Proceedings
to 96 pp. for the next 2 issues; increased subsidy to corresponding secretary’s
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office to $500.00. Herman reported activity of Wash., Acad. Sci. during
Science and Architecture Day Celebration. Papers presented: Reactions of
the Krebs eycle in infective larvae of Stronygloides papillosus, by Costello;
Filarial infection in gray squirrels, by Price; Tactic responses of Nippostron-
gylus infective larvae, by Parker and Haley; Single oral treatment with
svstematic insecticide of parakeet mange, by Yunker; Gold chloride and
picrie acid iodine as nematode stains, by Hashrouck.

362nd meeting: Wilson Iall, Nat. Institutes of ITealth, Bethesda, 17 March,
1959. %83.00 transferred from General Fund to Publication Fund. Papers
presented : Parasitology evolves, by Andrews; Liver glycogen and lipid in
parasitic infeetions, hy Mereado and von Brand; eongenital transmission of
toxoplasmosis, by Remington; Quinine and metabolism of malaria parasites,
hy Schellenberg; Low concentration of sodium pentachlorophenate effect on
Australorbis fecundity and eggs, by Olivier.

363rd meeting: School of Hygiene and Public Health, Johns-Hopkins Univ.,
Baltimore, 17 April, 1959. Approved motion whenever minimum number of
25 copies of any issue of Proceedings is reached, editor is authorized to re-
print 200 copies provided cost doesn’t exceed $300.00. Approved motion
setting cost of hack issues of Proceedings (5 yrs. or more old) at $4.00 except
to agencies ($3.75). Motion passed to contribute $35.00 for the annual picnic
meeting to be held on 23 May 1959, Papers presented: Kineties of glucose
uptake by Hymenolepis, by Phifer; Mechanism of infection of Aedes uegypti
by Plasmodivm  gallinecewm, by Iloward; Kineties or urea permeation in
shark helminths, by Simmons; comparative hibernation mechanisms in Culer
pipiens and C. futigans, by Tekle. Demonstrations on echinococcosis by
Schiller and electron microscope micrographs of Hymenolepsis and Schisto-
soma by Rothman and Inatomi followed presentation of papers.

364th meeting: Annual picnie at Log Lodge, U. S. Dept. Agriculture Re-
search Center, Beltsville, Md., 23 May 1959.

The tollowing were elected to membership at the meetings indicated : 357th—
F. Dao D.; R. Davis; V. F. Flyger; G. D. Griffin; E. J. Hugghins; S. I1. Lee;
R. 1. Mulney; O. Maugn; Liang-Yu Wu; A. Ostretkar; D. Mettrick; J. C.
Trandsen; R. I. Anderson; B. J. Jaskoski; 358th—R. J. Boisvenue; E. R.
Hasbrouck; F. Shafiiee; 359th—A. Di Edwardo; H. T. Stren; Mohammad
Rafi¢ Siddiyi; 360th—F. N. Katz; D. Jensen; D. F. Mavchbank; A. (.
Pipkin; A. B. Weathershy; 361st—B. P. Marapao; L. A. Terzian; T.
Shiroishi; E. J. 1. Soulshy; A. R. Maggenti; P. Schroeder; 362nd—H. K.
Beye; M. N. Lunde; M. Ichinohe; P. A. MecMahon; G. Wertheim; Seuti
Inatomi; M. H. Satti; 363rd—S. Krassner; G. L. Hoffman; IL. L. Ching;
E. I1. Sadun; 364th—G. N, Johri, E. S. Robinson, N. Tolgay; O. Vargas.

D. R. LiN1codE
Recording Secretary
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