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INTERSPECIFIC AND INTERGENERIC RELATIONS BETWEEN NEMATODES
PARASITIC IN THE STOMACHS OF KANGAROOS AND WALLABIES

by H. HOSTE* & 1. BEVERIDGET

Summary

HosTE, H, & BryvkRistr, 1. (1993) Interspecific and intergeneric relations between nermmodes parasitic in the
stomachs of kangaroos und wallabies, Trans, & Sac 8 Ausr. 107(4), 171-177, 30 November, 19493,
Asyoe(ations between conspecific and confimnilial nematodes co-ogcurring at high prevalences in the stomichs
of the custern grey kangwroo, Macropus giganteus, from Yictoria. the red Kangaroo, M. ryfus from New South
Wales and rock watllabics ot the Petrogale assimilis species complex £ ossinalis, P sharmant und P marecba,
from Queenslind, were investigated using principal components unulysis, A stmilur pattern ot assockitions Was
found in each hoyl species. consisting mainly of positive associations between nemalode species. Negative
associations were found with Rugopharynx australis the numerically dominant nemaiode in M. gigunteus and
M. rufus, 4nd o a lesser extent with R, zera in Pervogale spp. The complex nomatade communmties prescnt in

each host were shown (0 be sable, with few negative associations between members.

Ky WORDS: Mucropus giganteys, Macropus rufis, Petrogale assimalis, neratodes, communilies, a5s0cidrinns,

mulnvariate analysis

Introcluction

Parasite communities 1n homeothesmic animals arc
frequently cnmplex in nature, with muny species of
parasiles oceurring in an individual host or host organ
(Bush er al. 1990; Kennedy & Bush 1992). Because
of the complexity of the community and, frequently,
the large numbers of helminth species involved, the
guestion as to whether community members interact
or have interacted in the past (o produce a stable,
predictable strueture or are non-interactive und result
from « random collection of independent, individual
species. has reccived cemsiderable atlention (sce
Holmes 1986, Prce 1986), Evidence for the existznce
of interactive cormmunities has bean provided in the
case ol cestodes of ducks (Bush & Holmes 1986 a,b)
and trichostrongyloid nematodes in sheep (Diez-Banos
et al. 1992; Hoste & Cabaret 1992) while at the other
cxtreme, the complex assemnblages of monogenean
parasites present as ecloparasites of fishes appear ta
exhibit few interactions (Rhode 1979; Koskivaara &
Valtonen 1992 Koskivaara ¢f al. 1992).

Amongst neralode  parasites, the best known
examples of complex parasile communities existing
within i single host organ are the exyumid nemiiodes
of tortmises (Schad [963; Peter 1966), and the
strongyloid pemutodes of elephants (Chibaud 1957),
horses (Kennedy & Bush 1992) and kangaroos (Inglis
1971; Kennedy & Bush 1992), Tn the case of kangaroos,
up to 40 species of nematodes. all belonging to a single
order, the Sirongylida, occur in the complex siaccular
fore-stomachs of individual host species (Spratt ¢f al.
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1960), with numbers of parasites reaching 300,000 or
mure (se¢ Beveridge & Arundel 1979), Several studies
(Mykytowycz 1964; Mykytowyez & Dudzinski 1965,
Smales & Mawson [978b; Arundel ef al. 1979) have
demonstrated that different species or genera of
nematodes have different site preferences within the
stamachs of kangaroos, as 15 the case with oxyuroid
nematodes tn tortoises (Schad 1963; Petter 1966), but
there have been no studies undertaken to determine
whether there is any evidence of inteructioas within
these helmiinth communitics,

Recently, Hoste & Cabarct (1992) lreve utilised a
principal components analysis (PCA) and comparison
with the mode! of Motomura ¢1947) in which the log
abundance of a species is correlated with ils rank in
terms of sbundance for examining the stability of
nematode communities i sheep and the existenee of
intcractions between the species or genera of parasites
present with a host. 1n this paper. we apply their
technigues 0 examine whether there is evidence ol
competitive interactions between the nematode
purasites present in the stomachs of three taxa of
macjopodid marsupials.

Materials and Methods

Parasitolagical data

Dara utilised in this smdy were obtained from earlier
epidemiological studies on the parasites of
magropodids.

The duta for Perrogale assimilis included 35
speeimens of B assimilis as well as live specimens of
whal were lormerty known as the Mt Claro and
Mareeba chromosomal races of this species. They have
recently been named P sharmani and P omaresha
respectively (Eldridge & Close 1992), Rock wallabies
were collected overan exfensive area of nonher and
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western Queensiand (see Beveridge el al. 1989) during
a study of the taxonomy of the hosts. Nematode taxa
included in the study. their prevalence and mean
intensity of infection are shown in Table 1. Any
heltninth $pecics occurtlog vutside the stomach, or 4t
a prevalence of less than 0% ¢.g. Cloacing similis,
Cororastrangylus coronatus, Lubiostrongylus
barcrafii, Macropostrongylus petrogale €c.) was not
considered to be a core species (sensuw Hanksi 1982)
and was excluded Trom the statistical analyses. In
addition, nematodes such as Woodwardostrongylus
obendorft for which intensity data were not available,
were also excluded, Since similarity cocfficients for
the helminth communitics in £ assimulis, P, shanwani
and P marecha are high (Beveridge er ul. 19891,
combination of their data was considered justifiable.

Dita from Macropus giganteus were derived from
an cpidemiologicsl study conducted a1 Yoo Yean,
Victorig, in which ywo adub and  our juvenile
kangaroos were colloered al six-weekly intervals over

TasLk | Prevalence and inreastey of infecrion af the
nriscipal nematade parasiies present (v the stomach gf 39
Peirogale assimilis. P sharmant ond P mareeba from
Quesasland,

Parazite species Prevalence Mean

(%) Inensity
Kugapharyna geta (Johnsun &
Mawson, 1939) 33 2,190
Clpacina pétrogale Johnston &
Mawson, 1938 72 390
€. pearsoni Mawson, 1971 98 980
C. parva Johnston & Mawson, 938 100 T80

< hydriformiy Tolmston & Mawsan,

1938 46 200
CL ap. (undeseribed) (C sp. | of

Heveridge ¢f gl 1989) 54
Filarinema spp. 33 13

(& disstrnle (Wood, 1931), F australe

(Wood, 1931, F rawsinae Cassone &

Muccam. 985)

Tase 2. Prevalence el intewsgiey of (nfoction of the
[rincipal nemarode pacasites present in the stomach of 43
Mawropus gigantens fram ¥an Yean. Vicoria.

Parisite speciey

Prevalence Mean

(%) Tafensity

Rugopharyng custralis (Moming,

1926) 100 36,250
R msemuriae Beveridge &

Preyidente. 1978 27 2,210
Cloacina spp. 48 7,630

(C. obtusa Johnston & Mawsdn,

939, C cf. hyvdrifurmis Johpston &

Mawson, 1938, C. cf, elegans

Jlohnston & Mawson. 1938)
Fatsostrangylus spp 7 264

L. bipapillosus (Jalmswon &

Mawson, 1938), L. kungr Mawsom,

1955)
Pharyngostrongylus kappu Mawson,

1965 85 9,350
Strongylondes sp. (undescribed) 9 833

BEVERDIGE

a period of 10 months (Arundel & al. 1990). The
prevalence and mean intensity of infection for the
principal nematode species in the stomachs of these
hosts are shown in Table 2. Any mematode species
occurring in less than 10% of the host specimens (eg.
Alncostoma clelanedi) was excluded Froan the snalysis,
as were the species of intestinal cestindes.

Data on the belminh parasites of Macropus rufies
were collected at a single locality. Meaindes, New
South Wales (see Arundel er af, 1979), with 12 animals
collected every twa months, aver a perind of two
years. Samples of kanggroos were collected wathin
Kinchega National Park and on properties immediately
adjacent to the Park, The only difference in prevalence
detected was in the case of the bile duct inhabiting
cestade Pragamotaenia festiva (see Arundel et al
1979). No dillerences were detected in the inlensity
of infection with any parasite. Hence it was considesed
valid 1o use vambined data from the two adjacen
collection localities (Teble 3). Helminth parasites
aceurring at a low prevalence arinlgnsity, such as the
nematodes Macroposirongyloides spp.. and
Hypodontuy macropi and the cestodes Progamoraenin
rificote and Triploraenia undose were excluded from
the analysis.

Changes in the nomenclatre of parasites since the
publication of the onginal epidermiological papers have
heen indicated in Tubles 1-3. together with appropriate
references. In M. giganteus, individuals of the genus
Labiestrongylus and in M rufus and M. giganteus
members of the genus Cloucinu were not identitied
in 4 quantilative fashinn to species level, bacause of
inadequate information on the laxonomy of these
geneta, though the species present at cach locality were
recorded. Tn M, gigantens, most Of the species of
Clowcina present are uideseribed.

TARIE 3. Prevalence and inrensity of infection of the
principal nematode parasites present in the stomach of 1)
Macropus rufus from Menindee, New South Wales,

Parasite specics

Prevalence Mean
(%) Intensity

€» 51,850

8 9,655

Rugnpharyrs australis (MGming, 1926)

Wallabinemua cobbi (Kung, 1948} (sym,
Zoniolaimuy cobbi)

Cloacina spp,
(C. cf. hyelriforsmis Johngion &
Mawsan, 1938, C.
expeinsa Johnston & Muwson, 1939,
C. macropodis lobnston &
Mawson, 1938)

Labtastrongylus longispicularis Wood,
1931

71 3,090

85
92

33
Filarinema spp. Ta
(F flagrifer Moénning, 1929, &
aigstrale (Wood, 193)))
Papillosirongyly sp. (undescribed)
(= I labiarus Johnstom & Mawsan,

1839 sensu Arundel e @l 1979) 1.48K0
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Stulistical methods

For each host species, a separule principal
compaonent analysis (PCA) was performed, using the
STATITCF computer program (1988), on baoth the
Intensity data (semsu Margolis er af,, 1982) and the
frequency data defined s the number of nematodes
of a purticular species expressed as a percenlage of Lhe
total number of worms within thut host, The data were
standardised priot to analysis as (actual value — mean
vitlue for the variable) -+ standard crror for the variable,

The data were arranged in a corrclation matrix
whose columns (variables) were the parasile specigs
and rows were the individual animals, Component axes
were defined from correlations between the vartables
(parasite species numbers). The coordinates of each
variable were then expressed in relationship to the new
axes, Axes 1 1o 3 were studied, the percentage of

TasLe 4. Percentage of total variability expressed by
companent uxes 1, 2 and 3 following Principal Componenr
Analvsts (PCA) of the intensity and frequency of infection of
Perrogale spp. Macropus piganteus and M. rufuy with
nematode parasizes,

Host species Axis | Axis 2 Axis 3 Total
g+2+3
Petrogule spp.
[niensity ¥4 220 187 75.1
Freyuency 316 238 192 74.6
Mucropus gigatiteus
Inlensity 280 2435 184 709
Frequency 336 213 18 732
Muacropus rufus
Intensity 37.0 197 168 735
Frequency 31,2 188  18.0 67.8
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variability accounted for by each axis being indicated
for cach PCA in Table 4.

For each host species and each set of dala, ie
mtensity and frequency. Euclidean distances between
parasite species were calculated by applying
Pythagoras' theorem to the coordinates of cach
variable, i.e. parasite species, was located within the
three dimensional space constructed by axes |to 3
(Table 5). These distances characterised quantitatively
the relation between nematode species. The mimimum
value for these distances was (), the maximum 2.
Distance values > 1.2 and < 0.8 arc considered
indicative of negative and positive interactions between
species respectively (Hoste & Cabaret 1992).

In each host species, the distances between gach pair
of nematede species were calculared in the three planes
and the result was called D,. These D, distances were
fitted to the logarithmic model of Motomura (1947)
i.e. the decimal logarithms of distances were regressed
on the rank of each species pair. According to
Matomura's (1947) model, the log , of the abundance
of a species is corretated with its rank in the prder
of most abundant 10 least abundant species.

In addition, in order to represent the relation of nne
particular species to others present in the stomach,
mean distances were calculated as the averages of the
D, distances for each pair of worm species including
the partcular species of interest. These mean distances
were called D, in both species of kuangaroos ay they
were distances between a given parasite taxon and five
others, and called D, in the case of the rock wallabies
since the distance was from six other taxa,

TasLe 5. Coordinates of nemarode species on companent wxes 1, Z and 3 following « Principal Compenents Aaplysis (PCA)
perfurmed on the intensity and frequency of infecrion of Petrogale spp., Mucropus giganteus and M. rulus, with rematode

PRIFASTTES,
[menzity Dala Frequency Data
Host Parasie Axis Axis Axis Axis Axis Axis
1 2 3 ] 2 3

Petrogale spp. Cloucina sp. 1 -0.625 0311 0497 0382 0.070  0.772
C. hydriformis 0218 0813 0084 -N33R -0.76R 0124
C. parva 0783 0298 0448 0629 0501 0453
C. pearson| 0.863  0.179 0394 0743 D319 0.409
C. petrogale £0.456 0785 0,137 0,224 083K -0.24M
Rugopharns ielg 1636 - 0K1 38 0912 0039 -0.112
Tilarinema spp. -0.024 0198 0653 0349 D120 -0.538

Micropuy gigantesty Rugopharyrie australis 0.653 0594 (0169 D954 -0.244  0.05]
P kappa 0305 07262 0673 -D.IDG 0876 -0.220
Cloacinag spp. 0374 0714 -0.294 -D9S06 -0.248 0,039
Labiostrangylus spp, QA0 0077 DABE 0076 0614 0,450
R. rosemariae .517 0,647 40135 D444 D120 0.582
Strongyloidas sp. 0.785 0337 0216 -0264 0010 -0.710

Mucropay mifss Labiostrongylus longispicndans 0004 02391 078 062 -0.088  0.622
Fileirinema spp. 686 DU6D  DDE -D4AKT -0X44 014)
Rugopharynx australis 0500 -0.133  0.067 0988 0,037 -0.132
Cloacina spp. -0.503 0,627 0.9 D318 0.419 0.578
Wallabinema cabbl 0319 -0 D167 -0.030 0259  0.386
Papillostrongylus-sp. 0,138 -0769 D452 0528 0393 -0.417
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Results

Average distances of individual species from remaining
species (D and D,)

Comparison of the mean euclidean distances for cach
warm species with related species in the three different
hosts showed several similarities (Fig. 1). Firstly, in
the three host species, the mean distances cgleulatcd
from the frequency data were generally higher than
those calculated from the intensity data, Secondly, no
mean distances calculated from intensity or frequency

a
=™
1,8
Q0 £
10 5
J a
O
™~ n
o o
b
3]
z
=
7
c
N.
;
o =2
©k
a
P < 0 x TR e
Fig. 1. Mean distances (D, & D) between individual

parasite tuxd, based on both intensity (closed histograms)
and comparative frequency of necurience (open histogearns)
in (8} Perrogale spp., (b) Macropus giganteus and (c)
M. Fufuy caleulated from principal components analysis
(PCA).

Legend; C. Claacina spp.: Cl, Cloacing hydriformis; C2.
C parva; C3, C. pearsoni; C4, C. petrogale; €5, C. sp.:
F, Filarinema spp.. L, Labiostrongylus spp.; PA,
Papillvsirongylus sp.; P, Pharyngostrongyips kappa; R,
Rugnpharynx mulmln Rl, R zem: R2. R. rosemuiriae;
S. Srrongylowdes sp.; W, Wallubinema cobbi,
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data exceeded 1.2 which is suggestive of no negative
association between specics. Thirdly, based on the
frequency data, the highest values of D. were
associated with the specms Rugopharynx australis in
both of the kangaroo species. Though not so marked,
a similar situation prevailed with R zeta in rock
willabies having a D, value as high as any other of
the other associations,

dverage distunces between species pairs
(D, distances)

Comparison of the ranked D, distance distributions
in the three host species added to the results obtained
by analysis of the D, and Dy distances. In the PCA
performed on the frequency data (Fig. 2), the rank
distribution of, the D, distances for the 15 pairs of
worni species in the red and grey kangaroos, and for
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Fig. 2. Ranked distances (D, ) between parasite species pairs
basud DN comparative frequcnq of oceurrence in ()
Perrogale spp., (b) Macropus gigameus and (¢) M. rufus

calculated from principal components analysis.
Legend: a5 for Fig. 1.
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the 21 pairs in the rock wallzbigy fitted Molomura's
mode). Additionally, some of the distances between
nemainde species were high (> 1.2) which suggests
negative interactions, This observation was made in
the Lthree different host species, and among those pairs
exhibiting the highest distance values, Rugo o
spp. were usually present, These results suggest that
Rugepharynr was negatively associated with the othet
worm species based on the frequency analysis.

The D, distances calculated from the intensity daa
(Fig. 31 were lower than those obtained (rom PCA
performed on the frequency data, In the three different
host species. the D, distances were less than 1.2, and
uxually less than 10, which tends 1o indicite the lack
of any significant negative association between
nemalode species. The rank distributipn ol patterns of
these D. distances alse fitted Motomura’s model.
When compared o the distribution of the D,
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Tip. 3. Ranked distances (D3,) belween purasite species pairs
hased vn iniensities of infection in (a) Perrogale spp.. (b)
Macropuy giganteny and (2) M, ryfis caleulyicd from

rincipal components analysis.
«gend: as for Fig. I
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distances pbtained from the frequency analysis, the
order of the different pairs in the intensity data was
distinet, with a Jess well defined runking of
Rugapharvix australis.

Discussion

The results of analvsis both of [frequency and
intensity of infection data for all three species of
macropodid hosts can de fitted 1o Motomura's model
(1947) for density sssocialions between populations of
similar species within the same biotope and suggest
the existence of swable nematode commurities in the
stomachs of the macropodid specics examined.
Furthermore, most of the D, distances caleulated on
the intensily data were less than 1.0) and even less than
0.8. As these distances are thought to reflect the
intensity of parasitism it the suprapopulation level or
host population level, this fact provides additional
evidence ol the preponderance of posilive associations
bhetween component species. and hence infers the
cattence of stable communities. Positive associations
are known 1o accur in the case of other host groups
acquiring their parasite intections from grazing pastures
contaminaled with vitrious species of infective: third
stage larvae of nematodes such as ruminants (Diez-
Ranos ¢t al. 1992, Hosle & Cabaret 1992). On the other
hand, the frequency-based distances mainly reflect the
liifracommunity present in the individual host, and the
fact that the frequency-based distances were generally
greater than those derived Irom intensity duta supgests
that additiona! regulatory factors are nvolved at the
suprgpopulation level, as occurs glso in the case of
ruminants (Hoste & Cabaret 1992), The regulation of
nematnde  populations in kangaroos is not well
undersiood. Soules & Mawson (1978) and Arundel e
al. {1990) demonstrated that in the case of the Tammar
wallaby, M. eugenii and eastern grey Kangaroo M.
Ligantery, wn winter rainfall accay of South Australia
and Victoria, there was un increase in the number of
nermatodes present i the slomach during the moist
winter months which is the most favourable period of
the year for larval development in the extermal
environment. Arundel et al. (1990} also demonstrated
an effect of host age on certain specics of nematodes
(e.g. Rugopharynx rosemariae), with juvenile animals
exhibiting a higher prevalence umd intensity of
infection, while in other nematode genera (Cloacing,
spp., R. austredisy intensity was togher 1o adult hoxis,
By contrast, the study by Arundel ez al. {1979) un the
red kangaroo, M. rufus, in the arid, non-seasonal
ranfall region of western New South Wales indicuted
in the case of several of the dominant nematode species
(K. australis, Wallabinema cobbi) that there was no
seasonal effect i intensity ol infection and thal
intensity of infection increased linearly with host age.
I ult of thiese thiee Macropus species, Labiastrongylus
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spp. exhihivzd an wnique paitern of development, with
lutval stages maruring over a period af several months
during the summer (Mykytowyez & Dudzinski 1965,
Smales & Mawson 1978a; Arundel er al. 1979).
Recause of the lack of detailed knowladge of the way
 which pematode populations in kangarcos are
regulated, 1t is difficult 1o oxplam what the sdaitional
regulatory faclors at the suprapopulation inferted by
the present analysis might be. However, Petter (1966)
alse found an effect of host age and szason on
mteraciions between the oxyuroid nematodes of
torioises, suppesting that these might be general
ghenomena,

i ¢contrast 10 other studies on gastro-intestinal
strongylnd nematodes (Hosle & Cabaret 1992 Dicz-
Banos et al, 1992), aualysis of populations of the
stomach-tahabiting nematodes parasicic in three species
of macropodid hosis failed to reveal eyidence of
ealensive nepative interactions between nematode
spevies, The only suggestion of negative assoctations
involved Rugepharyry austraits in red and grey
kangaroos, and in both of these kangaroos, K. austrelis
is wumerically the domimam Stomach nemarade
{Arundel er @i, 1979, 1990; Beveridge & Arundel 1979).
In the case of the nk wallabies no particular dorminan
species emerged. Rigopheryix zete occurred at a
Ingher mtensity in rock wallabies than other gastric
nemanxles, but oecurred a1 a prevalence of only 50%
Cloacing pearsoni and C. parva by contrast oceurrad
in 100% of the hosts examined but at a Jower intensity.
The dJifterences in intensity and prevalence may
counleract onz another 1o presenl 2 cumanunily 1o
which there are few negative interactions. An addirional
consideration when comparing duwa from  rock
wallabies with that from the kangaroos is that in the
former case, hosts were coliccted over # wide area of
northern Quecnsland, compared with single Tocahibies
for each of the kangaroo species,

Negative associations are evident in the frequency
danp omly, which refers essentially to the mfrapopulation
at the indrvidual host level: there is no such evidence
from analysis of the raw intensity data, which relatcs
1o the parasite suprapopulation or the host population
level, However, Holmes (1986) hay cautioned that
eractions are frequently ohscured when suprapop-
uluons are considered and that the optimum method
fir detection of interaction e at the wnfrapopulation
Jevel, a conclusion which is clearly supported by the
current results,

Thus, the nemusiode communities present 1n the three
species of macrapodids examined here demanstrale
stmilar featires In heing stable, and probably mainly
nun-competilive communities. with the exception of
Rugopharyre australis. This lack of negative
associations contrasts sharply with the results of Bush
& Holmes (1986a) from studies on the cestodes of
ducks and those of Hoste & Cabaret (1952) and Dicz-

Banos e wl, (1992) for rupnnants, Rohde (1979)
suggested that in no-interactive comunumties not all
mches are filled, theez 1s no hasis [ur competition and
differential Jocalisatiom of parasites occurs becanse it
facilitates repruduction rather thun aunimmses
competition. Rohde’s hypolhiesis (1979) is therefore
consistent with the data cunently availalsle for
nematnde comnsunities parsstic in the stamachs of
macropodids. The kangaroo stomach is a refatively
enormous organ in comparison with the size of
parasites, and data fram various sources {¢.g. Beveridge
& Arunde] 1979) suggests that healthy mecropodids
are capable of harbouring numbers of nematodes far
in exc¢ess of those encountered in this study, Hence it
is not unreasanable to assume that vacanl niches are
abundant within kangaroe stomachs, giventhe provise
that nemaode numbers only have been examined,
without any consideration of their relative biomiss.
Whether the diffeeential Tocalisations of nematodes
observed are due to reproductive slralegies or due to
the presence of competition in the past. during the
evolution of the parasite commupity structure, is not
clear.

Price (1986) predicied that considerable vanation in
community characteristics mighl be expecied when 2
sufficiemty wide range of communities was examined.
The present results indicate thar speciose nemalode
communitics of homoeothermic verchbrares, while
stable in their structure, may nol necessarily (lisplay
significant negative associations between their
component members.
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