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THE MORPHOLOGY OF NIPPOSTRONGYLUS MAGNUS, A PARASITE OF NATIVE
AUSTRALIAN RODENTS

by JIAN BEVERIDGE® & MARIE-CLAUDE DURETTE-DESSFTY

Summiary

Hevimpoe, | & DUreTre-DresseT. M -C. 1992) The morphology ol Nippostrongvins magmay. o parasite of notive
Australian rodents. Trans, R. Soc S0 Ausr. 16(3). 109-15, 30 November 1992,

prpn.ﬂmﬂgvm\' magnuy (Mawson) | Nematoda, '!‘:‘ichmtmngyimdcm iv redeseribed from spedimens from
narurally-infeceed Karnos fusvipes from Blackwood . Vietona and {rom expecimentully infected B, fuscipes and
R newrvegieus, The asymmetry of the bursir, i characteristic of the genus, is mached by asymmenry of the spicules
and geniwl cone. The synlophe is similar w that of ¥ brasiliensis but includes some variable leatures which
appear 1 be of specihic value The inurphological differences in N magnus wre discussed in relutionship o the
estimmaled period of separsiion [rom s congencr. N brasiliensis,
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Introduction

During a study of the helminth parasites of the bush
ral. Ranus fuscipes, a particular nematode species.
Nippostromgylus magnis (Mawson) was encountered
commonly in the duodenum. The species  was
described originally by Mawson (1961), although
features of the complement of cuticular ridges, the
syrlaphe, were not described. Some feaures of Wy
synlophe were described by Durette-Desset (1969) and
by Lichienfels (1974), based on g small nuinber of
specimens. and in the lutter paper thewr usc for
taxonomic purposes al the species level wuas
consideved. N magidy has never been described in
detail, and the use of the synlophe 1o identity specics
ol Nippostrongwus as suggested by Durette- Desset
(1970) und Lichrenfels (1974) has not been fully
explored.

It was evident therefore that a detailed redeseription
ol the nemtotle, particularly features of the synlophe,
would allow a more definitive assessment of whether
i provided useful taxovomic charvacteristics at the
species level, as is the case in other trichostrongyloid
gencra. [t would also provide a basis for subscquent
ultrastructural and life-history studies of this parasite,

Materials and Melhods

Nematodes were obtoined hom maarally infected
Rartus  fuscipes collected 31 Blackwood, Victoria
(37°29°S, [44%19"E) und from luboratory raised R.
fuscipes and R. norvegicus which bad been infected
experimeninlly with third-stage larvae ol the species,

* Departinent ol Vetennury Science. Umversily of
Melhbourne, Parkville, Vic. 3052

+ Buolngle parasitaire, Proustologie cor Helminthologic,
Muszwn national J'Histgire naturelle, &1 rue Bulfon, Parix,
T5005 France.

Nematodes were collected live, washed in 0.9% saline
and fixed in hot 707 ethanol. Additional specimens
were fixed in 2.5% glutaraklelyde (n phosphate buffer
al 4°C and embedded in resin. Sections t um thick
were stained with wlwdine blue, examined under the
hight mucroscope and photographed, Whaole specimens
were examined using Nomarshi interference contrast
microscopy after cleiring in lactophenol and drawings
were made with the aid of a drawing twbe attached 1o
an Olympus BH microscope. Apical views and trans-
verse sections of the nematode hody were prepared by
hand using a cataract scalpel. Morphological terms for
the complement of body ridges or synlophe and the
numbering system for bursal rays follow Durcue-Desset
(1971, 1985).

Numbeting of synlophe ridges was based on relation-
stip o the axis of orieotation of the synlophe as
described by Durette-Desset (1971). Ridges darsal 10
the axis were numbered from left to right 1. 2. 3 etc..
ridges ventral to the axis were numbered from left 10
right 17,27, 3°. . ., cte. Mensurements are given in
mm as the range followed by the wneun of live
specimens in paremheses.

Specimens examined have been deposited in the
South Australian Museum (SAM). Adelaide.

Nippostrongylus magnus (Mawson)
FIGS 1-20

Aestreheligmoneena mageien Mawson, 1961, pp. B16-817, figs
46-47, Yeom Ratius fuscipes, R, rotis. R. conafus, R
norvegious and Mefernys cenvinipes; Durctie Desset (1969).
p. 737, tig. 3 {as A. magna from Ramus sp,),

Noppostrong iy miagnigs, Durette-Desser (1971), p. #18:
Lichtetifels (1974) . 286, tan N megreer): Obendord (1979).
p. BGH. 806,

Mudterial examined: From Ratlus fuseipes: outural infections:
¢ o, 209 @, Blackwood, Vie.., Jod., 49 .
deposited  (SAM HC22877); experimenial  infections:
4orar. 26 Q (SAM HO22R878): From Raltus norvegicus
experimental infections: 200 o 169 2 (SAM HC22K7S).
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N MAGNUS FROM RODLNTS mn

Deseriptienr: Small. sioistradly-coiled nematodes. red
invufour when tive: prominent slightly usy mmetrical
cephulic vesicle present, buccal capsule vestigisl:
mouth apening sub-triungular, surrounded by saix tiny
labiu) papillac; four double submedian papillae wnd
putred amphids present. external 1 Jubial papiliae.
vesaphigus clavikorm, nerve ping in mid-oesophageal
region. deinds dome-shaped. w region of exeretory
e

Nvrfophe: composed ol 14 sidges in mid-body region:
#xis ol oremtation from night-ventral field to left dorsal
field. a upproximately 60° 10 yagital axis (Fig. 15
curene. or cuticular swelling present in left dorsal fickd
between fidges 2 and 4: eight ridees in dorsal fiekl:
ridges 14 diminishing in size, ridges § and 6 lurger
than 7 and 8. six nidges in darsal feld: ndge |7 very
large. dumishing in size w ndge 6: all ridges arise
mmmediately posierior lu cephalic vesicle excepl Tor
(idges 3.2.1 which urisc progressively betwoen vesicle
ind excretory pure. ridges sometimes (nteriupled in
mul-budy region, number and orientation ol ridges
hiers i posterion extrenily of body.

Mele. Length 5 3-4 2 (3.7), masimum widih 01 [0-0.14
(1) cephalic vesicle 006-007 (00651 long:
vesuphagus 036-0.53 (0,44), nerve ring 017 from
anterior end. excrétury pore 0.25-0.32 (0.2%) lrom
unterkor end. deirids 0126-0.32 (0.29) from amerior
end; spicules 0.50-0.54 (0.52): gubernaculum 1035
lang. Synlophe: additional ridge arises in right veniml
field in region of spicules. between 1145 und 0.85 from
posterior end. immediately anterior to bursi. addimonal
Jorsal ndge present, with cight darsal and eght ventral
ndges; ridges reduced n size, onentition burely
discernible, ridges of similar size: irrzgular
amastomosing and brunching vl ridges seen close 1o
bursa. Bursy asymmetrical, righe laeral fobe longer
than lefi; dorsal lobe reduced. Dorsal ray with (ays
R arising atdifferent levels; left ruy 8 more robust and
srising posierior Wy right: major bituecation of dorsal
ruy in posterior thard of its lenglh: mys @ g5 long as
internal rays (OY lutier with suggestion of secondary
hteral labe; on left, iy 6 robust. anising close 1o dorsal
trunk, redching miagin of bursa; rays 5 and 4 slender,
not reaching margin of bursa, common lateral trunk
with prominent bulge at origin of ray 5: rays 3 and
2 elongate. slender. reaching margin of hursa: on right,
fiy 6 short. slender, arising from lateral trunk; ray 5
slender, reaching margin of bursit: ray 4 extremely

st at base, excremity slender, reuching margin of
bursi: rdys 3 and 2 stender. reaching margin of byisa.
Genlial cone prominent, clongite, conlcal. lightly
sclerolised: venteal lobe simple with globoid, non-
sclemtised apical appendage: dorsul lobe with (wo
unequal pointed ends. hip surrounded by elongare
#ppendage. Spicules elongate. wiquetrous in trinsverse
section: spicule rips dissimilar; tip of lefl spicule
knobbed. with ula arising near tip: tip of right spicule
tiny. ala arising at tip; gubernaculum present. lightly
scleratised

Female, Length 4.6-4.8 (4 7). maximum width in mid-
hody region 0.12-0.14 (0.13), wt posteriar extremity
O.14-0.17 ((L15): cephulic vesicle 0.06-008 (0.07) long:
cesophagus 0.46.0,50 (0,48); nerve ring 0.20 from
anterior ¢nd: excretory pore 0,26-0.31 (0.29) from
anterior end; deirds 0,27-0.31 (0.29) from anterior end,
Ll 003-006 (0.05). vulva 1o posteriar end DUS-(.23
(0,10): egg 007-008 ©0O7) « (QO3-005 (004).
Synlophe: sunte nimber of ridges in posterior end ol
budy: ridges become more prominent in region of
avejecor. erminute immediately anterior 0 vulva:
idges of almost equal size. orientation almost Tost in
posterior region. Posterion extremity of female with
swelling of cuticle, variuble 1 shupe, ofien forming
sleeve over tip of wil, Tal short. conival . valva close
W oanus!  monodelphic, ovejector  leads 10 shoel
infundibulum, then i uterus; ¢pp thin-shelled.
ellipsoidal.

Discussion

In spite of the lact that the sub-family
Nippostroagylinue is cosmuopolitan in distribution, and
that fhe type species ol Nipposteongviug, N.
hrasifiensiy, has been widely used uy a wuwdel in
immunological  research. few of the species as
recognised by Duretle-Desser (19700 have  been
described in detail. Featores of 1he synlophie in the inid-
body region have been descrbed for varioys species
by Chabaud & Dureuc-Desset (1966), Dupetle-Dessel
(1969. 1970), Greenherg (1972) and Lilchlentely (1974)
Feutures of the synlophe which might be wselul in
species separation have been investigated by Lichtenfels
(1974} following a detailed exammation of the synlophe
in laboratory strains of N. brasiliensis and lned
observatlons on several additional spevies. Equially

Flags K7 Nipposprengvluy meagays {Mawsom 1, o, cephilic extreniily lateral view, sliwing usy mmeny ot eephalic vesicle:

2, apieal view of anlerior exiremity: 3. or. amienar end, left side showing arigine @rmows) of ridees 1.2 2id 3 5. 5.

-

untenior end. righ side showing origing of ridges at cephulic vesicle: 5, o Jefi view. i level of spicules. 0.5 mat Irom
pusterier end, showing origin Giecow) o addiniona) ridge and hrunching s wnustomosing of ndges, & nud-body reginn
of = lefL vide, showing discontimuities (srres) in ndges 7 female il right Side. showing sleeve firmed hy cutivle
and weeniination oF didgex Scale lines: Figs L2, 001 wny, I9gs 37, 00 i Levend: o, amplid: J, dewrid, do orsal
cocxfetary pores ) Tabial papillas p. submedian papilta: v. venrral
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Y, MAGNUS TROM RONDENTS 13

detailed stdies however have not heen made ony any
congeners. Thus, apart From providing a busis for
wltrusiructural studies corrently underway, the deniled
deseription of N, maginy is considered viduable as
comparisan with studies already carried oul oo A
hrasillen ks,

The asymmetry of the bursi has been noted in each
congener. The bursa i best studied i apical or ventral
views (Durette-Dessel 1985), however, in species of
Nipposieomgyluy it 1< extremely ditficult 1 open the
bursa. becnuse of as asymmetry. For this reason, Jefi
and right Lateral viewsare provided (Figs & Y3 ay well
s an apical view (Fig. 10), which wis obfained using
« live male specimen prior fo fixation. The gresiest
marphological asymmetiy occuts in rays 6 and 8, both
of which are much larger on the left side of the bursa
than un the right. though ray 4 is Jarger on the rght
side. Apart from the bursa aselt, the spicules und
genitd) cone also exhibil some degree of asynimetry.
The tip of the left spicule is much longer snd more
complex structurally than that of the right spicule.
which serminates in 4 simple point. purallcling the
asymmetry of the bursa. Detiuls of the spicule tips have
nul been priwided tor congeners excopr for the tps of
the spicules of N. brasilieasis (see Mawson 1961). In
the cuse oF the gemstal cone the (ventral lobe, bearing
papilla 0. is symunetrical . while the dorsal lobe, bearing
the paired pupillae 7 15 asymmetrical. with the right
pupille lopger und hence more posterior thin the left
(Figs 1A 14). Comparable morphalogical detyils wre
generally lacking for other species, although the geniat
cone appears 1o be usymimclrical also m Fig. 1F of N
ruteschi (see Chabaud & Duretie-Desset 1966). Some
of these characters nuy prove uselul s generic erilena
when described in all species

The synlophe is deseribed fully for the first time und
confirms the preliminury ubservations of Durette-
Desset 11969) und Lichientels (19743, It resembles that
of congeners (Chabaud & Durcite-Dessct 1966
Dupette-Desset 1970, 971;  Greenberg 1972 in
possessing 14 nidges in the mid-body region with an
obligue axis of orenation directed from right-ventral
w left-dorsal und a consistent gradient in ridge size.
The iagority of ridges anse jmimediately pasterior in
lhie cephalic vesicle, wilh ridges |,2,3 in the lefi-dossal
feld (ridges 234 of Lichienfels 1974) aristng
immedinely antenior 10 the deirid (1). hallway helween
derrid and cephadic vesicle (2) und postering 10 the
vesicle 13). These Origing ar¢ Consistent in awles and
feimales and resemble the siuation tound in N

brasilivesiy except thit in N brusiliensis, vidge | arises
shightly more posteriorly, ai the level of the ex¢retory
pore (Lichienfels 1974y In (he posterior region of the
mide, twis additional fidges appear in the lefi-vent
tleld. also resembling (he arrangement deseribed 1w
N, beisilivosic (see Lichienfels  M74). une abowt
0.5 408 mm from the posterior axtreminty anid 8 second
fidge in the prebursal reginn . In the poste/ion region
of the female. the number of ndges remmins constant,
although the ndges become more similur in Mze wod
the orientition is more difticult 1o estublish The extia
ridee described i femsle . Brasiliensis by Lichientels
(1974) is ahseot in N mugnus. Thus the synlophe of
N nregawy resembles that of N brasiliensis very
closely.

The system for numbering ridges employed here
differs Trom thar used by Lichtenfels (1974). v anempts
to show the axis ol orientation and the homology of
ridges on either side of the yxis. It demonsirates thal
in both the malc and female of N maymus. the
usymmetry of ndges and the size pradient are lost in
the posterior parts of the body with a symmetrical
urrangement of almost equal sized ridges. bostly
arranged perpendicular 1o the body of the nemalnde
This arrangement would be crmsidered a "hyper-
evolved” stste in the sense ol Durerte-Desser (1985).
It i< of interest that in male N niagnuws. i the posterior
region of the body. not unly is there y roduction in size
of body ridges and a loss of particular orientatan. bud
ilso the symmety uf the number of ridges is restored
wilh eight dorsal and eight ventral ridges,

Features of the synlaphe of V. magnus which might
be useful a1 the specific level are the interruption of
ridges i the mud-body regiom and the irregular
brynching and anastomosing of ridges m the region ol
the male bursa. noted by Lichtenlels (1974). In the
present shwdy, the nterruption of ridges (Fig. 6)
occurred in both male and female nematodes, while
branching and anuslomosing (Fig  5) was seen in
males. Thus Lichienfels' (1974 observanions have been
confirmed. but studies of the remaining congeners are
reguired o establish their usefulness.

Lichtenfels (19741 exanmined specimens of laboratory
sirains of N Sraslliensis adapted 1o the rat, mouse and
hamster und shiowed that the synlophe was constant,
indepandent of the host species in which the nematode
developed. Although much more limded i their extent.
the observaion that the synlophe of N magnus is
Mentival in specimens from the nateal hosi. A
Sissetpes, os well us in the laburatory ne. R jorvegicus,

Fips 8-12 .-V.‘,fzm.-.mmm-hn Hiedgiian i Mawson ) aly gembabia, 8, bursa, Iefl Baleral and dorsal Jobes: 9, bursa. righ latenl
y

dnd dorsal

hes: W, Kiesa, el view, (il ketersl lobe on right hand side: 11, np of nght spicale: 122 1ip of lel spaile

T penil cone Taterl view: M, el cone and spicule nps. rght ventos-biteral view Seale lines: Tigs 800, 0.0 mme
Fige 01 001 mm, Figures followy vay mamibenine sysiem us deseribed by Durctie Dessel (9851 Lewendt do, divesal:

ley el riy cighn,
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V. MAGNUS FROM RODENTS 1S

adds weight 1 his conclusions on Lhe stability nf
synlophe charucters in differenl host species.

The aMinitics of M. magates with congenets have flul
been fully investgated. Mawson (1961) consadered ity
differentiation from N, fyicws (botl as species of
Austroheligmonemg Muwson, 19611 hused on the shape
Al the spicules, nuimber of ridges and overall size and
i N, brasiliensis, due 1o the greater asynimetry in
s bursu. and the form of the dorsal ray. Greenberg
11972 provided a comparatve table of measurements
of all species, but not of other morphological features.
Because of the incomplete nature of the descriptions
uof several species. comparisons sre limited 1o the
synlophe and hursal rays, The synlophe 1s upparently
sionilar tn most species of Nippostrong vius, but nidge |
is substantaally larger than ridge 2 in N, magnus. the
male of N rypiens, and N, rawschi. with the
qualification (hat A rawscht is described as having 14
ridges. bur only (3 are illustrated (Chabaud & Durelte-
Desset 1966, Fig. 2A), In the case of the dorsal ray
of No magrs, the asyimmetry ol rays K with g slender
right ruy arising before a more robust lefi ray resembles
N. nypicus, bul differs from N. rauschi, N. heasiliensis
and N. djumachani which have rays B ansing
symmetrically, though with the left ray more robust
than the nght. and Trom N, rsavw in which the lelt
ray X unses (irst and 15 more slender than the right
ray (Erbardovs 1959, Mawson 196]; Chabaud &
Durette-Desser 1966; Tenora 1969). In N. witenhergi,
the branching pattern of the dorsal ray resembles that
of M. rysenvyd, but rays 8 are slender (Greenberg 1972),

Thus. N reeegrnsy can be differentiated from congeners
by severul morphological features. n addition o (he
mcasurements tabulated by Witenberg (19723, hur the
features discussed indicate a close relatinnship with
N Dypicus, alsa a parasite of endemic Australiun
rodenis,

N mergney 15-0f biogoographical interest becanse it
i5 an endemie Australian species occuiring in varinus
species. of Rattus anll occasionally in - Melomys
cervinipes, The Tl hoslt range may be greawer than
this as a number of endemic rodenr specics in Australia
have not yel been examined for helminth parasites
(Miuckerras 1958). The endemic species ol Rating
probably arnved in Australia about une milliun years
ago [Walts & Aslin 1981), hence the mwirphological
differentiution between N. brasiliensiv/N. rawsehi ang
N. maganes/N. rvpicus has probably occuired over this
same period of ime. There are few instances whene
u hime scale can be placed on morphological
differenuation between spectes of parasitic nematodes.
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