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Abstract 

Relationships between the strongyloid nematodes Rugopharynx delta, R. zeta, R. omega, R. longibursaris, R. 
mawsonae and R. sigma, all from macropodid marsupials, were investigated using allozyme data. The phylogenetic 
trees derived from the electrophoretic data set were congruent with those of the hosts and were consistent with 
the hypothesis that the species complex originated in pademelons of the genus Thylogale and diversified in rock- 
wallabies (Petrogale spp.) and scrub wallabies of the subgenus Notamacropus. Host switching is evident only 
between closely related macropodid taxa. 

Introduction 

Species of the strongyloid genus Rugopharynx 
Mbnnig, 1927 are prominent members of the diverse 
nematode fauna occurring in the stomachs of kanga- 
roos and wallabies of the genera Macropus, Wallabia, 
Petrogale and Thylogale (see Beveridge, 1982). A 
major species complex within the genus, characterised 
by a trilobed buccal capsule, is the “Rugophatynx delta 
complex”, based on the first named species, R. delta 
(Johnston & Mawson, 1939). Apart from R. delta, two 
additional species, R. zeta (Johnston & Mawson, 1939) 
and R. longibursaris (Kung, 1948) were considered 
valid by Beveridge (1982), who also added R. omega 
Beveridge, 1982. This latter species was distinguished 
from R. longibursaris only by the morphology of the 
spicule tip. Beveridge (1982) also noted that the mor- 
phological features of R. zeta were highly variable and 
suggested that it might constitute a species complex. 
A subsequent electrophoretic study of R. zeta from 
rock-wallabies (Petrogale spp.) and scrub-wallabies 
(Macropus spp.) revealed the existence of an additional 
species, R. mawsonae Chilton, Beveridge & Andrews, 
1994 present in Macropus spp. A comparable exam- 
ination of R. omega and R. longibursaris, both from 

Macropus rufogriseus, found few electrophoretic dif- 
ferences between them, but did reveal the existence of 
a cryptic species within R. omega, which was described 
and named R. sigma Beveridge, Chilton & Andrews, 
1993. It is restricted to pademelons, Thylogale spp. 
(Table I). 

Electrophoretic differences between R. zeta and R. 
mawsonae were of a similar magnitude to those found 
when each was compared with the morphologically 
distinct R. delta (see Beveridge et al., 1994). In the 
case of R. omega and R. sigma, which are difficult to 
distinguish morphologically, fixed genetic differences 
were detected at 45% of the 20 enzyme loci exam- 
ined (Chilton et al., 1993). This suggests that there 
may be little correlation between morphological and 
electrophoretic differences. 

Based on morphological and electrophoretic data 
sets, tentative proposals have been suggested for the 
evolution of the R. omega - R. longibursaris species 
pair in Macropus rufogriseus (see Chilton et al., 1993) 
and R. zeta - R. mawsonae in Petrogale spp. and 
Macropus spp. (see Beveridge et al., 1989; Beveridge 
et al., 1994). These suggestions need to be tested 
against a working hypothesis for the evolution of the 
entire R. delta complex. 
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I. Allozyme phenogram 
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In this paper, we examine the electrophoretic data 
of Beveridge et al. (1994) and Chilton et al. (1993) to 
determine the extent to which they indicate evolution- 
ary relationships within the R. delta complex. 

Materials and methods 

Electrophoretic data 

Data derived from studies by Beveridge et al. (1994) 
and Chilton et al. (1993) were combined and alleles 
scored depending upon relative mobility (Table II). 
For some enzyme loci, the samples were re-examined 
electrophoretically to confirm the relative mobility of 
bands. As a result, the alleles expressed by R. zeta for 
Gda were established. Some scorings therefore dif- 
fer from those found in the original papers cited. The 
data for Pgm were not included in the present study 
because we were unable to determine unequivocally 
whether the Pgm locus in R. zeta and R.mawsonae 
corresponds with Pgm-1 or Pgm-2 in R. sigma, R. lon- 
giburaris and R. omega. Phenetic relationships were 
determined from fixed genetic differences analysed by 
the UPGMA method (Sneath & Sokal, 1973). 

Cladistic analysis of electrophoretic data is contro- 
versial (for summaries see Gardner, 1991, Barker et at. 
1992, Georges & Adams, 1992). Here, loci were used 
as characters and alleles as unordered character states 
(see Barker et al., 1992). Loci were scored numerical- 
ly according to increasing mobility from the cathode 
(Table IV). Treatment of polymorphisms followed the 
methods of Georges & Adams (1992). Unique alleles 
and complex allele patterns were ignored. R. epsilon 
and R. australis were initially considered as outgroups. 
The adult stage of R. epsilon has a bilobed buccal cap- 
sule; however, the fourth larval stages of both R. zeta 
and R. epsilon have simple, cylindrical buccal capsules 
resembling the adult of R. australis (MOnnig, 1926) 
and R. theta (Johnston & Mawson, 1939). Hence the 
species with cylindrical buccal capsules are considered 
to represent the plesiomorphic state. Both R. australis 
and R. epsilon were therefore included as potential 
outgroups. However, when electrophoretically com- 

pared with members of the R. delta complex, they had 
fixed differences exceeding 80% and were therefore 
not considered suitable as outgroups for phylogenetic 
analysis. Phylogenetic trees produced by PAUP were 
instead rooted with R. sigma as an outgroup, identified 
from the phenetic analysis as the most distantly relat- 
ed member of the complex, or using a hypothetical 
outgroup (i.e. with all character states plesiomorphic). 
Data were analysed using PAUP version 3.0s (Swof- 
ford, 1992) and equally parsimonious trees presented 
as the 50% consensus tree. The numbers of trees with a 
particular branch were determined using the Bootstrap 
option in PAUP, based on 100 trees. 

Morphological data 
Morphological characters were obtained for the var- 
ious species of the R. delta complex (Table I) from 
Beveridge (1982), Beveridge et al. (1994) and Chilton 
et al. (1993) (Table III). Continuous (metric) characters 
(spicule length, tail length) were examined by plotting 
the mean length of the organ or body part against total 
body length and identifying clearly separate groups of 
species. Polarity of characters was determined by the 
outgroup method (Wiley, 1981). For these analyses, 
two outgroups were selected. In our analysis, R. sigma 
was used as the outgroup, since it had been used for 
the same purpose in the electrophoretic analysis. In 
another analysis, R. epsilon, originally selected as an 
outgroup for analysis of the electrophoretic data, was 
used in an analysis of the morphological data (Table 
V). Bootstrap analyses were performed on the resultant 
consensus trees. 

Host data 
Parasite trees were compared with host derived from 
the electrophoretic data of Richadson & McDermid 
(1978) and Baverstock et al. (1985). Since these two 
data sets differ in methods of analysis and in compo- 
nent species, a composite of both sets has been utilised 
here. Because of deficiencies in the host data, detailed 
host-parasite comparisons (e.g. Gardner, 1991; Page 
1991) were not possible. 

Figs 1-4. Nematode parasite and host relationships for members of the Rugopharynxdelta complex, occurring in Macropus, Thylogale and 
Petrogale. 1. Parasite relationships based on phenetic (UPGMA) analysis of allozyme data. 2. Parasite relationships based on cladistic analysis 
of allozyme data. 3. Cladistic analysis based on morphological data using R. epsilon as the outgroup. 4. Cladistic analysis of morphologicaldata 
using R. sigma as the outgroup. Host trees are phenograms based on data in Richardson & McDermid (1978). Figures in parentheses indicate 
percentage occurrence of a particular configuration in bootstrap analyses. Oblique lines indicate instances of host switching. 
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Table I. Component species of the Rugopharynx delta complex, their hosts are known geograph- 
ical ranges. 

Nematode Host(s) Distribution 

R. delta 
g. mawsonae 

R. zeta 

R. longibursaris 

R. omega 

g. sigma 

R. ? cf. omega 

Macropus (Notamacropus ) dorsalis * 
M. (N.) dorsalis*, M. (N.) parma 

Petrogale assimilis*, P. mareeba t, 

P. sharmanit, P. inornata, 

P. herberti t, P. penicillata, 

Thylogale thetis 
M. (N.) rufogriseus* 

M. (N.) rufogriseus*, 
M. (N.) parryi 

Thylogale stigmatica *, 
T. calabyi 
7". thetis 

Eastem Queensland 
Eastem Queensland, 
north eastern New South Wales 

Eastern Queensland, 
north-eastern New South Wales 

Tasmania, western Victoria, 
south-eastern South Australia 
South-eastern Queensland, 
eastern New South Wales, 
eastern Victoria 
North-eastern Queensland, 
Papua-New Guinea 
South-eastern Queensland. 

* Indicates hosts from which nematodes have been examined electrophoretically. 
t Host nomenclature following Eldridge & Close (1992). 

Results 

Electrophoretic data 

Phenetic analysis of  the electrophoretic data resulted in 
a tree with R. s igma on the outermost branch, fol lowed 
by R. zeta, R. mawsonae  and R. delta on the inner 
branches. R. omega and R. longibursaris  were the most 
similar (Fig. 1). 

In the cladistic analysis of the al lozyme data (Fig. 
2), the enzyme loci Acon,  Ak,  Hex,  Idh, P g a m  and 

Ugpp were eliminated because they were uninforma- 
tive. The analysis, rooted on R. sigma, examined 105 
trees and produced four equally parsimonious trees; 
and 50% majority rule consensus tree had a length of  
31 and a consistency index of  0.69. Nine trees had a 
total length of  32 each. When rooted using a hypothet- 
ical ancestor as an outgroup, a tree with an identical 
topology to that of  the first tree resulted. R. omega 

and R. longibursaris were associated in 97% of trees, 
while asociations between other taxa occured in fewer 
than 50% of  trees (Fig. 2). The al lozyme phenogram 
and cladogram were similar in that R. omega and R. 
longibursaris were closely associated. R. delta and R. 
mawsonae  were closely associated in the cladogram 
and the phenogram, but were not necessarily nested 
together. 

Morphologica l  data 

Using R. s igma as the outgroup, a single most par- 
simonious tree of  945 was obtained with a length of 
14 and a consistency index, following the exclusion 
of uninformative characters, of 0.73. Three additional 
trees each had lengths of 15. The topology (Fig. 3) 
was virtually identical to that of  the al lozyme clado- 
gram with R. longibursaris - R. omega and R. delta 

- R. mawsonae  nested with R. zeta. Using R. epsilon 

as the outgroup, a tree with a different topology was 
obtained (Fig. 4), based on the consensus of 2 equal- 
ly parsimonious trees. The tree length was 14 and the 
consistency index 0.73. Twelve trees each had a total 
length of  15. 

Discussion 

The phenogram and cladogram based on parasite 
al lozyme data were similar in topology. Differences 
included the nesting of R. delta and R. mawsonae  

in the cladogram, but not in the phenogram and the 
posit ion of  R. zeta as the sister group to R. omega 
- R. longibursaris - R. delta - R. mawsonae  in the 
phenogram, compared with the tr ichotomy R. zeta, R. 

delta - R. mawsonae  and R. omega - R. longibursaris 
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in the cladogram. These differences were considered 
to be relatively minor. Such differences might arise 
from the different type of analysis used, particular- 
ly since several enzymes used in the phenetic analysis 
were uninformative in a cladistic sense and were there- 
fore excluded from the cladistic analysis. Cladograms 
and phenograms resemble one another when evolution- 
ary rates are approximately the same in all taxa, and 
such congruence has been reported in electrophoret- 
ic studies of the related strongyloid nematode genera 
Hypodontus and Macropostrongyloides (see Chilton et 
al., 1992, Beveridge et al., 1993). 

The trees based on morphological characters dif- 
fered significantly depending on the outgroup utilised. 
The tree utilising R. sigma as an outgroup produced 
a cladogram similar to that derived from the elec- 
trophoretic data, utilising the same outgroup. How- 
ever, when R. epsilon was used as the outgroup, a 
use fully justifiable on the basis of morphology, a tree 
of quite different topology was produced. A potential 
source of differences in tree topology can be due to 
tree rooting. Barker et al. (1992) in an electrophoret- 
ic study of the lice (Phthiraptera) of rock wallabies 
(Petrogale spp.) found that different outgroups pro- 
duced trees of markedly different topologies. They 
attributed this to some outgroups being too distant from 
the ingroup analysed. In the current study, R. epsilon, 
selected on morphological grounds as being a suitable 
outgroup, proved to be too different electrophoretical- 
ly for cladistic analysis. R. sigma, initially a member 
of the in-group, proved however to be a more suitable 
outgroup based on relationships demonstrated in the 
allozyme phenogram. When R. epsilon was used as an 
outgroup, a tree of markedly different topology was 
obtained, thereby confirming the findings of Barker et 
al. (1992). 

The data obtained in this study confirm a close 
relationship between trees derived from electrophoret- 
ic and morphological data (Mickevich & Johnson, 
1976). provided the same outgroup is utilised. The 
data presented resulted in trees which were simple 
enough to allow comparison with host trees by inspec- 
tion rather than employing more sophisticated tech- 
niques, such as parsimony mapping (Brooks, 1988). 
There are few studies which compare tree topologies 
from morphological as opposed to electrophoretic data 
from parasites. Gardner (1991), in a study obtained of 
the aspidoderid nematode parasites of South Ameri- 
can rodents, found that morphological and altozyme 
character sets differed by 10%, indicating a close sim- 
ilarity, while Barker (1991 ) found that morphological 
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Table 111. Morphological characters used in phenetic and cladistic analyses of the Rugopharynx delta complex. 

Taxa R. zeta R. mawsonae R. delta R. omega R. sigma R. longibursaris R. epsilon 

Characters 

1. Buccal capsule trilobed + + + + + + 

2. Dorsal lobe of bursa elongate - - - + + + 

3. External branches of dorsal ray - + + - - - 

terminate in projections on 

surface of bursa 

4. External branches of dorsal ray - + + - - - 

arise before bifurcation of 

internal branches 

5. Ala of spicule tip enlarged . . . . .  + 

6. Spicule ala ends at tip abruptly + - - + + + 

7. Spicule:body length ratio > 1:5 - - + + + + 

8. Female tail:body length ratio > 1:25 - - - + - - 

9. Gubemaculum present + - - - + - 

10. Dorsal ray arcuate ( - )  or V-shaped - + + - - - 

11. Deirid mid-oesophageal ( - )  or post-buccal (+) - + + - + - 

n 

m 

D 

Table IV. Input data matrix for allozyme data, with uniformative loci, Acon, Ak, Hex, ldh, Pgam and 
Ugpp, excluded. 

R. zeta 1 1 0 1 0 1 0 1 2 1 1 -+ 1 2 0 0 

R. mawsonae 1 1 1 1 ?* 0 2 1 1 0 1 - 1 1 1 1 

R. delta 1 0 1 1 ? 1 1 1 0 0 1 - 1 0 0 1 

R. omega 1 1 1 1 2 1 1 1 1 2 0 1 0 4 1 0 

R. sigma 0 0 1 0 1 0 1 0 1 2 - 0 1 2 - 0 

R. longibursaris 1 1 1 1 2 1 1 1 1 2 1 1 0 3 1 0 

* Result not interpreted into score. 
+ No result available. 

and a l lozyme  data sets o f  boop id  l ice p roduced  s imilar  

phy logen ies ,  a l though the level o f  concordance  was 

not  quantified.  

In the present  study, the tree der ived  f rom a l lozyme 

data is based  on a greater  n u m b e r  o f  characters  than are 

avai lable f rom morpho log ica l  examinat ion .  In addi-  

t ion,  in deal ing wi th  a comp lex  of  very  c lose ly  relat- 

ed nem a tode  species ,  morpho log ica l  d i f ferences  are 

minor  and the few morpho log ica l  d i f ferences  which  

do d isplay  be tween- spec i e s  d i f fe rences  may  not  accu- 

rately reflect phy logene t i c  re la t ionships .  

In other  e lec t rophore t ic  s tudies  o f  parasi t ic  nema-  

todes,  compar i sons  o f  parasi te  trees have  been made  

wi th  that  o f  the hosts .  No def ini t ive  phy logene t i c  

trees are avai lable for  the Macropod idae ,  based  on 

ei ther  morpho log ica l  (Flannery,  1989), e lec t rophore t -  

ic (Richardson  & McDermid ,  1978; Bavers tock  et  al . ,  

1985) or immunolog ica l  data  (Kirsch,  1977; Baver-  

s tock et  al . ,  1989). With  respect  to the present  study, 

however ,  there  is little doubt  f rom the s tudies  c i ted 

that the species  o f  the subgenus  N o t a m a c r o p u s  are 

close ly  related (M.  d o r s a l i s ,  M .  p a r m a ,  M .  p a r r y i ,  M .  

r u f o g r i s e u s )  and the genera  P e t r o g a l e  a n d  T h y l o g a l e  

are also c losely  related,  wi th  T h y l o g a l e  demons t ra t ing  

ancestral  character  states. 

The e lec t rophore t ic  analysis  o f  the m e m b e r s  of  the 

R.  d e l t a  complex  is cons is tent  wi th  an hypo thes i s  o f  

parallel  evolu t ion  be tween  hos t  and parasite.  R.  s ig -  

m a ,  with the greatest  n u m b e r  o f  ancestral  characters  

states, occurs  in the host  genus  wi th  ancestral  char- 

acter states, and the remain ing  species,  wi th  der ived  

character  states occur  in hos t  wi th  der ived  character  



Table V. Input data matrix for morphological data, based on 
character scorings in Table III. 

R. zeta 1 0 0 0 0 1 0 0 1 0 0 

R. mawsonae 1 0 1 1 0 0 0 0 0 1 1 

R. delta 1 0 1 1 0 0 1 1 0 1 1 

R. longibursaris 1 1 0 0 1 1 l 0 0 0 0 

R. omega 1 1 0 0 0 1 1 0 0 0 0 

R. sigma 1 1 0 0 0 1 1 0 1 0 1 

R. epsilon 0 0 0 0 0 0 0 0 0 0 0 

states. In the case of R. zeta in Petrogale spp., the 
relationship is presumably close enough to allow host 
switching into Thylogale thetis. Host switching also 
occurs in the case ofR. mawsonae and R. omega, but it 
is invariable to closely related host species, and usually 
in situations where the two host species are sympatric. 
Macropus (Notamacropus) is a more recent group in 
the fossil record than Thylogale (see Archer, 1984) 
and a diversification of nematode taxa has presumably 
occurred in wallabies of this subgenus. This hypoth- 
esis for the evolution of the R. delta complex is con- 
sistent with the notion that the Cloacininae Stossich, 
1899 diversified first of all in Thylogale spp. and sub- 
sequently in Macropus (see Beveridge, 1986). It also 
parallels the evolution of the trichostrongyloid genera 
Austrostrongylus Chandler, 1924 and Sutarostrongy- 
lus Beveridge & Durette-Desset, 1986 first in Thylo- 
gale and Petrogale, then in Macropus (Beveridge & 
Durette-Desset, 1986). 

In the case of the R. longibursaris - R. omega 
species pair, Chilton et al. (1993) have advanced a 
proposal for the evolution of the species allopatrically 
during the separation of Tasmania from mainland Aus- 
tralia, with the probable re-invasion of western Victoria 
by R. longibursaris with its host. The two nematode 
species are currently allopatric in their distribution in 
Victoria (Chilton et al., 1993), but the above analy- 
ses are consistent with the hypothesis of Chilton et al. 
(1993). R. omega "switches" to the related host M. 
parryi but only where M. parryi is sympatric with M. 
rufogriseus (see Beveridge, 1982; unpublished obser- 
vations). 

R. delta and R. mawsonae by contrast occur in the 
same host species M. dorsalis, and usually occur in 
mixed infections. Possible explanations for this asso- 
ciation included sympatric speciation or the evolution 
of one of the nematodes in a now extinct host species 
from which it "switched" prior to the extinction of that 
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host (Page, 1991). However, R. mawsonae is also par- 
asitic in M. parma. It may have evolved in M. parma 
and because of the very close phylogenetic relationship 
between M. dorsalis and M. parma (see Baverstock et 
al., 1985; Flannery, 1989), including their ability to 
interbreed (Close & Lowry, 1990), switched to M. dor- 
salis. Currently M. parma and M. dorsalis are broadly 
sympatric in part of the geographical range of M. dor- 
salis (see Maynes, 1983; Kirkpatrick, 1983). All of 
the material of R. mawsonae in M. dorsalis has been 
collected outside the geographical range of M. parma 
(see Beveridge et al., 1994). The current data do not 
support the hypothesis (Beveridge et al., 1989), based 
on ecological data, that R. zeta in Petrogale spp. was 
derived through a host switch from M. dorsalis. 

In summary, the electrophoretic analysis of mem- 
bers of the R. delta complex has not provided a defini- 
tive phylogeny, but has provided additional hypotheses 
on the evolution of these nematodes which were not 
evident from morphological comparisons. The elec- 
trophoretic data are consistent with broad co-evolution 
between hosts and parasites, a result which concords 
with other studies of nematodes in macropodid marsu- 
pials. Further studies, using additional techniques and 
including nematodes whose current status is uncer- 
tain such as those resembling R. omega parasitic in 
Thylogale thetis, are needed to confirm or reject the 
hypotheses presented here based on electrophoretic 
analyses. 
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