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ADULT AND LARVAL STAGES OF PARAUSTROSTRONGYLUS RATTI
(NEMATODA: TRICHOSTRONGYLOIDEA) FROM RATTUS FUSCIFES

]:ly IAN BEVERIDGEY & MARIE-CLAUDE DURETTE.DESSET
Summary

BevermnGe, 1, & Dukerte-Desser, M -C, (1993) Adult and larval stages of Paraustrostrong vius raiti (Nematoda:
Trichostrongyloldea) from Ranws fuscipes, Trans, R, Soc. 8 Aust, UT()), 27-36 4 June, 1993,

The morphology of the adull and the third and fourth [arval stages of Paraustrostrongyius rani from the nacive
rodent Rarmus fisscipes Is described, with particular reference fo the synlophe, as well as the mechanism of amuclunent
of the nematode W intestimal villi. The synlophe of the fourth larval stage hay an vblique axis of orientation,
n contrast to the frontal orientation in the adult stage, and most closely resembles the synlophe of species of
Dessemstrongylus parasiiic in desyurid marsupials. Oniogenctic data therefore suggest that Pimusirongyus evolved

from an ancestor resembling Dessetesrongylus.

KEY WorDs: Nematodes, Trichostrongyloidea, Panaestrostrongylus, otogenesis, larvae, morphology, rodents.

Intriduction

The trichostrongyloid nematode subfamily
Herpetostrongylinge occurs in the small intestines of
Austrabian marsupials and is one of the few
trichostrongyloid groups in which there is appareatly
a close evolutionary parallel betweem hosts and
parasites (Durette-Desset 1982, 1985 ; Humphery-Smith
1983; Beveridge 1986). Three distinct lineages have
been recognised among the eight component genera
in marsupials, each sharing a probable common
ancestry with Pbolleya, a contemporary genus which
occuns i dasyurid marsuplals. Woolleva shares features
in commaon with the genus Vignaaia, belonging to the
family Viannaiidae, which is present in South
American marsupials and rodents (Humphery-Smith
1983).

Two of the berpetostrongyline genera,
Ausprostrongylus and Parausrrostrongylis, occurring
in diprotedont marsupials, wilth one species in the
marsupial mole, Norarveres typhlops, and one in a
rodent, Rattus fiscipes, are of particular morphological
interest due to the development of paired lareral
cuticular inflations, unique within the Trichostrongy-
loides. termed “floats” by Durente-Desset (1979). The
evolutionary development of these floats was
investigated in Ausrrostrongylue and in a relaiad penus,
Sutarostrongylus, (Beveridge & Durette-Desset 1986)
and species with intermediate or primitive
morphological features, that is either with a single float
or withour flosts, were identified. This study suggested
that Sutarostrongylus. parasitic in Thylogale spp.,
exhibited & number of primitive characters, ancestral
lo those seen 10 Ausirosirongyius, but provided no
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additiopal insights into the possible relationships
between a postulated Woolleva-like ancestor and
Sszarosirongylus. Desvetosirangylus is one possible
intermediary between Rbolleya and Sutarostrongylus
(s¢e Beveridge & Durette-Desset 1986) as it has a
synlophe, or camplemenl of body ridges, identical with
that of Siaarosrrong yles except for the fact thet the axis
of nriemation of the synlophe is oblique in
Dessetostrongylus but froptal in Sutarostrong ylus.
Humphery-Smith (1983) by contrast, placed greatet
emphasis on the froptal onentation of the synlophe of
Ausrrostrongylus and derived it direcdy from an
ancestral stale resembling that found in Réeolleya
Sprenti.

Cassone e1 al. (1986), studying new species of
Boboileya and FParriclaling from dasyurid marsupials
confirmed the direct Mbolleya - Austrostrongyius
relationship wentified by Humphery-Smith (1983}, but
considered that Dessetostrongylus was a sister group
10 Austrostrong yus.

Al studies on the evolution of the Herpetostrongy-
linae 10 date have relied on the comparative
morphology of the adult nematodes and particularly
on differences in the anatomy and orientation of the
synlophe. The ontogenesis of larval stages is an
important source of phylogenetic information in the
Trichostrongyloides (Durette-Desset 1985), but has not
been exploited in the case of the Herpetostrongylinae
other than in the case of Beveridgiella pearseni (see
Humphrey-Smith 1980), because no life cycles are
known.

We decided to investigate the morphology of the
vanious life-cycle stages of Parausrrosirongylus rari,
the anly member of the genus to occur in a estherian
mammal (Obzadorf 1979) o amempt w0 obuain
additional information on the evolution of the synlophe
of the geaus. Due to its abundance in Rartus fuscipes
and the ease with which infected rats could be obtained
and kept in the laboratary, P rutti was considered 1o
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Figs 1-15. Paraustrostrongylus ratti Obendorf: Adult. |, anterior end, lateral view, dorsal aspect on left hand side; 2, anterior

end, dorsal view, 3, apical view of mouth opumllﬁmd lips; 4 optical transverse section through hexagonal buccal capsule,
with dorsal tooth, 5, transverse optical section through anterior end of oesophagus; 6, anterior region, left lateral view;
arrows indicate origins of ridges; 7, anterior region, right lateral view; arrows indicate origins of ridges; 8, bursa, lateral
view; numerals indicate ray numbers according to Durette-Desset (1983); 9, bursa, ventral view; 10, gubernaculum, lateral
view; 1, spicule tips, ventral view; 12, spicule tip, lateral view; I3, genital cone, ventral view of papilla 0; 14, genital
cone, lateral view showing papillae 0 and 7; 15, female tail, lateral view. Scale lines 001 mm: figs 1,2, 10, 11-14 to same
scale; figs 3-5 to same scale; figs 6.7 to same scale; figs 8,9 to same scale. Legend: a, amphid; d, deirid; e, excretory
pore; 1, lip; p, posterior atrophic uterus; s, submedian papilla; sp, sphincter; t, dorsal tooth; ve, vestibule.
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be mom suisble for uwestigation than species
occurTing in marsupials, The morphological data
preseated here also provide (he basis for subsequent
ultrastructral studies,

Methods

Naturally infected rats, Rartuy fuscipes (Waterhouse),
were mapped at Blackwood, Vicoria (37°29°S,
47197 E), Killed w the laboratory and the sinall
intestine was divided into segments and opened i
warm 009% saline. The imestinal segments were
placed in an incubator for two hours o allow
neanatoddes w0 migrate ingo the saline. Nematndes were
then washed in salme and fixed in hot T0% ethanol,
Small numbers of nematodes were fixed in 2.5%
glutaraldehyde n phosphate buffer at 4°C.

Adult, fourth and parasitic third-stage nematodes
were cleared in lsctophenol and examined, using
Nomarski interference contrast microscopy. Transverse
sections of \he tody of male and femnale nematodes
were tul using a cataract scalpel, mounted in
tactophennl lor exsmination and oriented using the
methods of Durette-Dessea (1971). Apical views of the
snlenor extremily were made by similar means,
Specimens fixed in glutaraldehyde were embedded in
resin, Sections cul at a thickness of 1 um were stained
with toluidine bluc and were used to confirm
momhologwal festures seen in hand-cut  section,
Additional specimens were dehydrated in a praded
ethanol series, dried in a critical point drier, coated
with gold and examined with 3 Siemens Autoscan
scanning electron microscope.

Ridges of Ihe synlophe werne numbercd in an
anticlockwise fashion beginning with the lefi-ventral
ridge, in order 10 demonsirate homologies between
stages. The numbering system for the bursal rays and
papillae follows that of Duretle-Desset (1985).

Faeces from naturally infected racs were collected,
mixed with an equal quantity of charcoal and cultured
on moist filtes paper in Petri dishes at laboratory
temperature, Frve and eight days later, larvae emerging
from the Raecal-charcoal mixoure were collected in
distilled water and concentraed by sedimentation.

Third-stage larvac were exammed live in Waler &s
well as after having been inunobilised by heatng. Sume
larvac were killed in hot 70% ethano] and cleared In
glyoerol by trunsferring to a mixiure of 70% ethanol
and glycerol and allowing the ethanol o evaporate.

Measurements were made cither with an ocular
micrometer or from drawings made using 4 drawing
tube and are presented in the fext in millimetres as the
range followed by the mean in parcnthescs.

Morphological erminology for the synlophe follows
that of Duterie-Desset (1985). All drawings are oriented
with the dorsal aspect uppermost and the left hand side

of the nematode body townrds the left margin of the

Parasitic third-stage larvae of £ runi were
distinguished from the synhospitilic nematodes
Nipposerongylus magnus and Odtlia bainae by features
of the tail and cephalic extremity, based on material
obtained from monoespecific experimental infections
with each of these two species. To obtain a
monospecific infection of adult P rair, one naturaily
infected R. fuscipes was killed, all P ran in the small
intestine were sorted while being maintained in warm
saline, and were transferred by enlerotomy to a
laboratory-reared R, fuscipes under gencral
anaesthesia. Four weeks latar, the recipieni ral was
killed, the intestine remaved and 10% buffered formal
saline injected rapidly into it w fix nematodes in sitk,
Fragments of infestine with worms attached
subsequently were dissected and preparad for scanmng
electron microscopy us described above, Additional
segments were dehydrated; embedded in paraffin,
senally sectioned at a thickness of 10 um, and the
seclions stained with haematoxylin and eosin for
histological examination.

Resalts

Adult male snd female nematodes, fourth-stage
larvae and two parasitic third-siage larvae were
examinad morphologically under the light macroscope,
as well as thind-stage larvae cultured from faeces. Light
microscopic observations were compared with
scanning electron micrographs of the adults.

Parauserostrongylus raati Obendorf, 1979
FIGS 1.38

Description: Adult; small nensstodes, red when live,
spirally coiled in 3-5 tight coils, ventral surface
innermost, capable of uncoling and becomung straight
when maintained in warm isotonic solutions. Cephalic
extremity with prominent cephalic vesicle, 20-30 fine
transverse ridges on vesicle (Fig. 1). Mouth opening,
surrounded by four sub-median papillac and two
amphids; no kabial paplllae visible; six rounded lips
project into mouth opening. Buccal capsule
prominently developed, heavily sclerotised, circular
(o sub-hexagonal in transverse section (Fig. 4), walls,
arched inwards, increase in thickness towards base,
lumen increases in diameter wwwards base; prominent
tooth projects inwards from dorsal lobe of nesophagus;
sub-ventral teeth absent. Oesophagus elongate, slender,
clavate, widened at anterior extremity; excretory pore
vanable in position, usually amerior, occasionally
puosterivr, w vesophago-intestinal junction; deirid tiny,
domed, at level of excretory pore; nerve ring in mid-
oesophageal region, visible in few specimens only.
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Figs 16-23. Paraustrostrongylus ratri Obendorf: adult. 16-22, transverse sections of body. 16-19, male, 2.3 mm long; 16,
atpomormdnfcq:ln]icwsicle.ﬂ.ﬁﬁﬁommiormwity- I, mwophagealreglon 0.30 mm from anterior extremity;
in posterior half of body, 1.60 mm from anterior extremity; 19 in cloacal region, 0.10 mm from posterior any.
22, female, 2.6 mmlmg 20, oesophageal region; 21, 0.50 from anterior extremity; 22, 1.90 mm from anterior

posterior end of male, ventral view, showing lermination of ventral ridges (arrows) and termination of floats (f)

I.rggondsﬁ di dtlnrsai,d left; r, right; v, ventral; ridges are numbered (1-7) in an auualockwnse direction from the left ventral

idge. Scale line: 001 mm.

BEE
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Body covered with nuneroos fine transverse
anpulations (Fig. 36); two lateral, fluid-filled cavities
(= floats) present on eithes side of body, exténd from
immedislely posterior 10 vesicle o posterior region of
nematodle. Synlophe composed of three ventral ridges
(1-3) (Fig. 36), oriented from right 1o left, diminishing
an size from left w right; right floa with ywo dorsal
(56) (Fig. 35) und single ventral (4) ridge directed
towards left dorsal, ridges -3 commente posierior 1o
vesicle; left floal, with single ndge (7) (Fig. 35
directed perpendiculas 1o body, commences posietior
to mid-oesophagus; right floal with two dorsal {(5.6)
and one ventral (4) nidge; ridge 6 commences postenor
oy vesicle, followed by 5 then 4 i mid-oesophageal
region.

Male (measurements of 10 specimens). Towal length
LYB-266 (2300 muxitnum widih (without foats)
0050-007¢ (0P5T); cephalic vesicle 0055-0065
(0064) long,| vesuplvagus 0.27-0.30 (0.28) lung, nerve
rng cirea 0,15 from anterior extremity; excretory pare
0.21-0.29 (0.25) from 4nierior exiremity; deirid
0.22-030 (0.26) from anterior extremity. spicules
0234032 (0.27) long: gubernaculum 002540045
(0037} long. Synlophe: ventral ridges and right float
erminate nedr antesior extrenuty of spcules: lefl float
continues In leve) of gubernaculym, Bursa symmetri-
cal, lobes indistinct, dorssl lobe not separated (rom
lateral lobex; rays 2 to 6 of hursa grouped in patteru
of 3-2 (sensu Durettz-Desset 1983) or 1-2-2 allowing
for highly divergent ray 2, ray 2 slender, short,
divesgent, not reaching margln of bursa; rays 3 1o 5
more robust, directad postero-laterally, of approxi-
mately equivalent size, not quute reaching margin of
bursa: cty 6 shares commeoen origin with ray S, rabust,
bluat, directed posteriorly, reaches margin of bursa,
dorsal trunk scparste from lateral trunk: ray 8 srises
from dorsal trunk, slender. does not reach margin of
bursa; rays 9 shghily asymmetrical, shon, slender,
arise ¢lose o origin of my I, my I sout, divides
pear extrentity into 4 branches; outer pair of branches
rmire rubust; final brapches do not reach margin ol
bursa. Spicules simple, clongate: alate; anterior
extremitles (rregularly knobbed, distal ups jowed; each
spicule with fine, spiniform ventro-lateral branch
arising in distal 16-1/7 of spicule; spiculc tips
surrvunided by expanded sclenatived (Tange in dorso-
ventral view; each main branch of spicule terminates
in two fine spiniform projections within flange;
gubernaculum elongate, rectangular in dotso-veniral
view, composed of two layers; genital conc heavily
sclerotised, cornplex, conical in shape, c. (1020 long,
base D020 wide; papilla O at tip of ventral ip of genital
cone, paired papillae 7 on dorsal lip of cone.

Female: (measurements of 10 specimens). Total length
2.48-2.95 (2.70), maximmm width (without floats)

Q060-0070 (0066), with floats circa (L10; cephalic
vesicle (1060-0070 (0063) long, oesophagus (126-0.32
(029) long, nérve (g cirva UJ8 from anlerior
extremily; excretory pore 0210027 (01 23) from anterior
extremity; deind 0.22-026 (0.24) from amesior
extremity; Ll Q0B-O.11 (0.10) lung; vulva to posterior
extremity (1.14-0.21 (0.17); egg 0.065-0080 (0.074) by
G.035-0045 (0038). Synlophe! ventral ridges extend
to vulva; floats disappear in region of uterus, approx,
(.44 from tail. Tail extremcly long, conical, vulva
immediately anterior 10 uterus, opening o exterior nn
slight prominence; female genital system monodeliphic
though with postenor uterus patent and ovary persisting
in vestigal form: vagina, vestibule and sphincter circa
006 leng: wfundibulum short, ciroa 004 long,
prodelphic, leads to elongate uterus comaining 14 egss;
eges thin-shelled, ellipscidal.

Fourth stage larva: Small ncmatodes, spirally colled
tn 34 coils, ventral surface imnenmost;, cephalic vesicle
absent; mouth opening surrounded by four submedian
pupillse xnd two amphids; lips absent, Buccal capsule
sub-cylindrical, heavily sclerotised. teetli abseant.
Oesophugus elongate, clavate, nerve ring in mid-
vesophageal region; excretory pore in region of
oesophago-intestinal junction. Synlophe: body floats
absent; five ridges; three ventral ridges (1-3), anented
from right to left, diminishing in size from Jef w right,
ventral ridge (4) on night hand side, orientad from right
to left; single dorsal ridge (5) on right hand side,
onented dorsal from right fo lefl; orientation of
synlophe oblique from right ventral w left dorsal at
about 60° to saginal axis. Tatl elonga®, conical.

Male {mecasurements of five specimens), Todal kength
1,09-1.76 (1.44), maximum width 0033-0.046 (0040),
oesophagus 0.21-0.28 (0.26), tail 0.049-0.085 (0.066).

Frmale (measurements of five specimens). Totul leagth
147200 (1.80), maximum width 0030-0052 (0044),
oesophagus 0.25-0.29 (0.27), sl 0052:0,143 (DDB2).
Specimens with developed genitalia show distinct

posierior uterus, recurving inta short ovary (Fig, 32),

Third stage larva: Parasitic: Two parasitlc third stage
larvae were recorded, but detailed morphological
comparisons were possible from onc only. Small
nemainde, 076 long, spirally coiled in three coals;
buceal capsule cylindrical, very lightly sclerotised;
oesophagus slender. clavate, 0,18 long. excrelory pore
in posterior pesnphageal region, O.12 from anlenor
extrepnity; til elongate, conical, with dorssl and ventral
projection. Synlophe composed of rwo pairs of alse
beginning on lateral aspects of body, perpendicular ©
body surface; towarde mid-region of body, alae
gradually shifl i posation w dorsal and ventrsl in md
hixly region, the A veniral pamrare larger with one
1 almost 2 mid-ventral position, and second ridge 1o
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Figs 24-32, Paraustrostrongylus rami Obendorf: larval stages. 24-27 third larval stage cultured in vitro; 24, entire larva,
lateral view: 25, cephalic extremity, lateral view; 26, tail, lateral view: 27, transverse section in mid body region; 28,
transverse section of parasitic third-stage larva from small intestine; 29-32, fourth-stage larva; 29, anterior end, lateral
view; 30, buccal e, lateral view; 31, transverse section of larva in mid-body .region, arrow indicates oricntation
of synlophe; 32, tail of female fourth stage larva with posterior branch of genital system. Scale lines: fig. 24, 0.1 mm;

figs 25-32, 0.01 mm; figs 25-26 to same scale. Legend: p, phasmid; u, posierior uterus and o, ovary; ridges are numbered
in an anticlockwise direction from the lefi-ventral ridge.
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amie sidke of iy two dorsal alae smaller. one almost
doisal 1o posiuon, other ko one side of il

Frve-living,! (measurciments of five speciniens).
Sender, clongate  laivae, 0.50-0.55 (053] loag,
maximam widih 0.016-0021 (0.018); buccal capsule
cylindnical, ¢. 0005 long, 0002 wide, continuous with
seleronised internal hining of anterior vesophigus;
oesophagus slender, 0.14-0.16 (0,15) long; nerve ring
(1078-0.083 (0.082) from antenor end; excretory pore
(LOES 0,099 (0.096) Trom anterior end; intestinal cells
filled with granules, number of cells not ascernained,
genial primordism ovoid, O.00R0013 (0010) by
N6-0008 (MOD07), 028-033 (0,31) from anterior
extremity, Ll elongale, comcal, 0.065-0.089 (0075)
long, with dorsal and ventral spike close to tip; larva
with four longitudinal alae, two on cach side of body,
i lateral position, wlmoss perpendicular © body wall,

Attachiment ta the intestingl meciosa
Aduls nematodes are coiled  veatrally  around
sitestinal villi (Figs 33, 37) usually with the tail near

the distal tip of the villus; when fixed. the coils of the
body are munwined (Fig. 34). At the xite of

altzchoent, nematodes compress the villi (Figs 37, 38)
and, although they generally retract from the site of
altachment when hixed, the unpressions of the ventral
ridges remain in the intestinal epithelium (Fig. 38).
Changes m the epithelium ot the site of attachment
include cuboidal to squamous cpithelial cells,
elongalion (= flallening) of nucler associated with the
change 0 o syuamous cell type, loss of cytoplasmic
differentiation and the loss of the brush border of
micravilli. Althongh sometimely squamous, no delects
were detected in the epithclium, No marked
mflanunatory changes were detected but there were
significant numbers of mononuclear cells, macrophages
aned lymphocyes, present un the Esming propria ogether
with a small number of eosinophils

Discussion

Morphology of the adult

The descripuen of the adule provided  here
supplements the ongumal description by Obendorf
(1979), which was found 1o be accurate in all essentials.
Obeeador! (1979) however, did not provide an apical
view of the antenior extremity and provided only a
single, unonenied drowmg of the synlophe of the sdult.
In the present exsmination, the synlophe 1 described
in detail, including the arigins and terminations of the
body ridges. Durette-Desset (1979) and Beverdge &
Duretie-Desset (1986) have shown (hat the number of
bewly ridges changes in the posterior region of the body
in several species of Awstrosrrongylus  and
Paraustrastrangvies, but compamble data were lacking
for £ rartf, This stody demonstrated that in £ ranti,
e princepal nudges anive m the oesophagesl region and

persist o the level of the spicules i the male and 1o
e level of the vulva in the female. In the male, the
kelt, but nol the FAghes Noat extends almost fo the Tevel
of the bursa. as ivdoes also wn P reichosari and i A.
sefextaras, the latter being i species which possesses
only one float F rutti also resembles A sufestaris in
having three rather than the four ventral longiudinal
ridges present i most other members ol lhese genera,
The three principal ventral ridges arise ¢lose 10 the
cephalic vesicle, while the ridges on the {loats arise
somewhat more posteniorly, with the ridge on the lefi
float arising mid-way between the vesicle and the
excretory pore and the two dorsal ridges on the right
Noat arise in the anterior oesophagenl region, The
ventral ridge arises midway between the cephalic
vesicle and the excretory pore. The onginy and
lerminations of ridges have been repored n few
confamilial species, bur have been shown w be of
considerable taxonomic use at the specics level in
genera such as Nemiarodirus (see Liclnenfels & Pilit
1983). Preliminary observalions by Beveridge &
Durette-Desset (1986) on species of Austrostrongylus
suggest that this may be the case in the Herpetostrongy
linse, but features have been described in 0o few
specics (o allow any firm conclusions 10 be diawa,

An imeresting feature of the morphology of P raeri,
noted by Obendorl (1979) was the presence of
vestigial posterion branch 1o the female genital gystem.
His ubservalions were confirmed in this study, and the
same structure was also seen in the fourth karval stage.
The genera Awstrostrong viws and Parawstrostrong vl
ire considéred 10 be very closely related but can be
separated on the basis of the presence of u sclerotised
genital cone i Faraustrostrongyving. the absence of
ventral teeth in Purawstrostrong vius and the position
ol ray 2 (Beveridge & Durette: Desset 1986). Species
of Paraustrostrongvlus are lavariably monodelphic
winle most species of Austrostrong vius are didelphic,
The evolution of monodelphy has occurred repentedly
in the Trichostrongyloidea (sce Durenie-Desset 1985)
and the vestigial posterior uterus in B rand provides
an obvious connection between the monodelphic gnd
didelphic lorms seen in these two elosely  relited
genera. [n other trichostrongyloid genera such as
Neoheligmonella, the posterior ulerine branch may
persist in the adult nemuntode, but does 50 only os 8
small collection of ¢ells. posterior to the vulva (Durerie-
Desset & Cassone 1987), rather than the almost fully
lormied bul diminuiive posterior branch seen in P .,

Aachment o villi

Results presented here indicate thae * rand altaches
to intestinal villi by coiling spirally aroond theni, as
in certain other tnchostrongylod nentodes {Duretie
Desset 1985), The ventrsl boaly ridges clearly press
imo the intestinal epithelivm, and may therehire assist
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the nematode in maintaining its attachment to the villus.
The ventral surfaces of both body floats are also in

Once in place on a villus, dorsal ridges would seem
to have little function in attachment, and one of the

close apposition to the epithelium and effectively
increase the surface area of the nematode in contact
with the intestinal epithelium. The ventral ridge of the
right float (4) and to some extent the latero-dorsal ridge
(4) of the right float (5) also cause indentation of the
epithelium, and may therefore also assist in attachment.

features of P ratti is that it has few dorsal ridges.
However, when observed in warm isotonic solutions,
the nematode is capable of uncoiling completely, and
evidence from the localisation of experimentally
transplanted nematodes indicates that they are capable
of migration within the intestine as is the case with

Figs 33-38. Paraustrostrongvlus ratti Obendorf. 33-36, scanning electron micrographs. 33, entire nematode coiled spirally
around villus in small intestine; 34, entire nematode, 2, showing body coils (4); anterior end w left; 35, dorsal surface
of nematode showing ridges 5 and 6 of dorsal aspect of right body float and ridge 7 on lateral aspect of left float; 36,

ventral surface of posterior region of body showing ridge 7 on left body float and ventral nidges 1 and 2; 37, longitudinal
section through villus showing posterior part of nematode coiled around villus, with anterior end extending to left of field,;
38, histological section through villus at point of attachment of P rarri, with nematode retracted, leaving sites of indentation
(arrows) of ridges in epithelium. Scale bars: figs 33, 34, 37, (0.1 mm; figs 35, 36, 38 001 mm.
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ofther tnchostrongyleids (see Croll & Ma 1977), The
dorsal ridges may therefore be of use duiing nematode
migrations within the small intestine, when they are
uncoiled and are moving between villi,

Morphology of Larval smges

The murphology of the buccal capsule of the fourth
stage of P ratii resembles very closely that of the fourth
stage of B pearsoni (se¢ Humphery-Smith 1980) In
peramelld macsupials and Globocephuloides
trifidospiculariy (see Bevendge 1979), & species
parasitic la macropodid marsupials. The Globocepha-
loidinae, to which the latter genus belangs, was placed
within the lidae by Durette-Desset
(1983) based on festures of (he bursa and buccal
capsule. Since members of the sub-family Jack a
synlophe, their precise alfinities have pot been
established, However, the simllaritles between the
fourth stage larvae of G, trifidospicularnis, B pearsomi
and P rari provide additional evidence that the two
subfamilies are related.

Only two parasitic third larval stages of £ ratrl were
found, However, they were identified by the
characteristics of the tnl, which was identical to that
of larvae cultured from faeces. Both parasitic larvee
were spirally coiled, as are the fourth stage and adult
The pairs of alae which were clearly lateral In posiuon
at (ke anterior and posterior extremities of the body
were slightly shifted in position in the mid-body region
w0 that the larger, left pair were almost ventral in
pasition, while the smaller, right pair became almost
dorsal in position. This gradual shifl in ridge position
and the hypertrophy anid ventral shift of one pair of
alae presumably aide 1o attaclunent, as s the case in
the adult, Two pairs of lateral alae were evident in the
free-living third larval slage but they remained in the
lateral position throughout the length ol the nemalode
bodty. Several other trichostrongyloids have paired
lateral alse in the third stage larva (Eckenr & Schware
1965; Duretie-Desset & Cassone 1987), The apparent
change in onentation of the ndges in the mid-body
segion during the initial parasitic phase of the life cycle
appears o assist the nemavode 10 sttaching 1o villi, bur
the mechanisin by which this might oocur is unclear.
Usually there i5 no change in the synlophe unless a
monlt occurs, bul In this instance, the change in
posttion of (he alac is visible in the entire nematode
as well s 0 sections, Additional observations are
clearly veeded to confirm the resulis reported here.

Evolutionary relationships

The description of the fourfh larval stage of £ rae
peovides additionsl insight into the evolution of the
Herpetostrongylidse. The type of informauon which
can he provided by the larval synlophe has been
discussed by Duretie-Desset (1985), Generally, the

larval synlophe demonstrates primitive features
compared with thar of the corresponding adolet and
frequently resembles the adults of other, related genert
thereby allowing phylogenetic reconstructions. In the
case of P ratti, as in other tnichostrongyloids, the larval
synlophe differs markedly from that of the aduli_ The
larva lacks floats; in the larva, the axis of orientation
is oblique rather than being frontal, as occurs in the
adult and the synlophe has two fewer ridges. lacking
those found oa the left flost and on the dorsal right
float of the adult. The larval synlophe of P rani most
closely resembles that found in the adults of
Swiarostrongylus and Dessetostrongvius but differs
from that of Sutarcstrongylus in having one rather than
twao dorsal ridges, and 1 onentation since the synlophe
of Sutarastrongyius has a frontal onemation, similar
to that of the adult P ranti. The obligue onentation
of the synlophe of the larval stage of £ rar resembles
that of Dessetosirongylus, from which it differs only
in having fewer dorsal ridges. The homology of ridges
between adult and larva hare considered w be most
likely is that ridges | to 3 of the larva correspond with
ridges 1 to 3 of the adult, while the two additional
ridges of the larva (4 and 5) correspond (o twe of the
ridges on the nght float of the aduli (4 and 5). An
alternative possibility would be that the first four nidges
from left to right correspond 1o the four ventral ridges
present in most species OF Adustrostrongylus and some
species of Puraustrostrongylus, with the [ifth ridge
corresponding to one of the ridges on the right float.
This mterpretation nvalves postulating the loss of a
ventral ridge in adult P rari and the appearance of
two rather than one new ridge for the rght float, The
more parsimanious of the two hypatheses has heen
chosen here, It is also consistent with the hypothesis
of Humphery-Smith (1983) that specics of Woolleva
with three left-ventral, obliquely otiented ridges, were
the likely ancestors of Dessetostrongvlus.

The suggested intermediate forms in the proposed
transition series for the evolutionary linsage hetween
Wholleya and  Auwstrostrongylus/Paraustrastrong s
lave been Beveridgiella (see Duretté-Desset 1982;
Humphery-Smith 1983) and Dessemsirongyies (see
Beveridge & Duretie-Desset 1986). Patricialing, an
additional possibility, has a frontally symmetrical
synlophe. while both Beveridgiella and Desselo-
strong ylus have an obligue orientation to the synlophe.
Patriciatina was considered 1o have been derved from
Beveridgiella by Humphery-Smith (1983} and Cassone
el ol (198B6). Beveridgiella has & greater pumber of
doryal ridges than Dessetostrongyius, dnd ingreases in
the number of ndges oocur in 8 pumber of evolutionary
lineages within the Trichostrongyloides (Durelfe-
Desset 1985), suggesting that the synlophe in species
of Reveridglella 15 probably derived fmm a
Dessetontrongylus-like ancestor. This in fact 1s shown
in the larval stage of 8 pearsovii (see Humphery-Smith
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1980), which has a synlophe close 1o that of
Dessetostrongylus. The synlophe of the fourth-stage
larva of P rart differs from that of adult
Dessetostrongylus moorhousei only in lacking an extra
dorsal ridge. Because of the close correspondence
between their synlophes, it appears likely that
Paraustrostrongylus evolved from an ancestor
resembling contemporary species of Dessetostrongylus,

thus supporting the hypothesis proposed by Beveridge
& Durette-Desset (1986) and Cassone ef al. (1986),
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