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DISTRIBUTION OF SPECIES OF TRICHOSTRONGYLOID NEMATODE PARASITES IN

THE SMALL INTESTINE OF THE BUSH RAT, RATTUS FUSCIPES
hy L. F SKERRATTY. |. BEVERIDGE* & M.-C. DURITR-DESSETT

Summary

Skestnll, Lo Fo, BEvERIDUE. 1, & DURE (R DESSET, MO (19951 Distribution of species of trichostrongyloid
nemiatode patasitcs in the sl intesime of the bush mt, Rattns fuscipes. Ty, R Soc. 8 Aust. 3), 143-14K8,
0 November - 1995

The distnbution ol three chostrongy loid pemalodes, Nippoastrome vy smagmes (Mawson, 1961), Cdilia baiviae
Boveree & Duretic-Desse . 1992 wind Feraastrostrmg by futte Obeadort, 1979, in the smull intestine of bush
rals, Rarn fiosetpes, was mvestigaied  Each of theso species exhibited o significantly different longiudinal dissribution
witlim the small mestine  Interictinns berween the three species, idenlified by compansons of the Tundamental
and reslived oveeaprs in nemalode dishithulwons, ware the prahahle causc of the difterénees in distrihition between
apecics. Phe ditferent distributions. which are here interpreied as nichies, oceupled hy the nentaode specics are
consistenm with the by putheses bl € barae wits probably a parasite ol hydromyine rodents which filled @ vaeim!
iche: whin o sawatched W B fracipes s oa host, while Porat probably occupied another vacunt niche when
i switehed R fseqes Trom an ongenal imarsumal host,

Ry Wokos, Paeale, cenlowy, mche, Trichostrongyloiden, Rallus. dolcrachinm

Inteoduction

One mode by which parasile evoluliom may occur
15 “host switehing™ (Chabaud 1965). This involves a
preak-down in host speciticity allowing the fransier
ol i pacasite from its ustal host o wn unrelated host
species necupying the sapie environment. The new host
may be infected twrough the skin by Tree-living stiges
al the parasie or may ingest the infective form ol the
parasite-with its fnod (Chabaud 1965). The mechunism
of host switching appears 10 be common among
parasiic nenitodes (Chabaud 1982) and i§ based on
the assumption that the invading nematode parasite is
uecupying o previously vacant niche within the new
host In the case of imestinal parusites this is usually
defined as a restricted longitudinal oi radial distribution
withan Ihe gul of the host (Schud 1963). Host swatching
within the nematode superfamily Trichostrongy loidea
is well docurnented (Durette-Desset 1985), yet few
studhies huve examined whether the invading nematode
sctially occupies d separate or previously -vacint piche.

The Inchostrongylowd nematode parasiles of the
nimive hush rat, Rarras fiuscipes, offer the opportunity
o examine such an hypothesis. At one locality in
Victworia (Blackwood) Obemdort (1979) found that R
fuscipes  wus parasitised by three species of
irichostrongyloids, the heligmosomes Nippasrrong s
magnuy (Mawson, 1961) and (Milia bainae Beveridge
& Durctle-Dessct, 1992 and the herpetostrongylid
Paraustrosrrone iy raci Obendor!, 1979 (Obendor(
1979 Beveridge & Durette-Desset 1992 ah, 1993). B
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ratti belongs to a genus which otherwise oeccurs
exclusively in marsupials and which presumably has
switched {0 its eurrent eutherign host {Obendor| 1979).
1t is considered (Obendorl 1979) 10 be vne of only 1wo
examples of trichostrongyloid nematodes switching
lrom marsupials W native todents, the otlier being
Wenlleva ivdromyes in the wader ral, Hydromvs chryso-
gaster (see Mawson 1961, 1973). € hainae belongs
1o 1 penus which is parasttic primarnily m hydromyine
rodents and species of the genus were considered by
Durette-Desset (I83) to have switched secondarily to
murine rodedts such as K fuscipes. Only Nippo-
strongylus magnus can be considered an original
parasite of this murme rodem (Beveridge & Durette-
Desset 1992a).

The current study was therefore undertaken to
determine the ecological niches occupied by N,
magnus, O bainae und P ratli within the small
intestine of B _fuscipes and 10 examine the extent of
overlap between them to establish whether or not each
occupies @ distinctive intestinal niche.

Materials and Methods

Ten bush rats. Rartus fuseipes. were trapped frony
along the bunks of the Lerderderg River, Blackwood,
Victoria, Australin (37° 29' S, 1447 19° E) vsing
collapsible alumimung traps baited with peanut butter.
Immediately following euthanasit wilh chloroforin, the
small intestine was removed and divided into sixleen
equal parts. The rotal length of the small intestine was
measured. Gut segments were incubated i saline ar
A7°C for at least 2 hours and all nematodes which
emerged from the mucosa were fixed in hot 70%
ethanol betare heing counted. P rarnl was distinguished
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from other species based on the desceiptinn of
Obendorf (1979) using 4 steréomicroscope, whereas N
magnus and O. bainae were differentiated usipg the
descriphions of Bevendge & Durette-Dessel (1992 a.b)
and @ compound microscope following clearing
lactophenol. The rats were also routinely examined for
other helminth parasites,

The number of each species of nenatodes in
mdividual sections of the small intestine was converted
to a percentage of the total number of each species
present. For cuch species, the positions of the anterior,
median and posterior nematodes were deferinined
using the method of Bush & Holines (1986), such (hi
the section number in which nematodes ovcurred was
converted o a percentsge of the ot length of the smull
intestine. It was assumed that nematades were
uniformly distributed within each section.

Ditferences in distribution between species were
tested statstically vsing values calculated froma 2 X
5 contingency tuble (species x sector of inestine) lor
each species pair. Sections § o 16 of the intesting,
where very few nematodes were fuund, were cojnblned
1o form a single cell in the lable,

The extent of niche overlap between the three species
wis determined using the equation

Cxy = 1 - L (EIPx; - Pyil)
where (Hurlberl 1978)

Pxi-;cri i PYi—%i_

such that Pxi and Pyi are the proporuons of twn
species, x and y, in different segments of the inlesting

This equation was used to calculate the *fundamental
overlap” belween species puirs, which 15 1he extent of
overlap (Cxy) in the mean distributions of the two
nematode species and the “realised averlap™ which is
vbtained by determining the extent of overlap (Cxy)
between wo nematode species inandividual rats and
then computing the average of the individual overlaps

Differences between fundamental and realised
overlaps. that is when the realised overlap was substan-
nally less than the fundamental overlap, were used
infer the presence of competition between nematode
species.

Seven labaratory rats, R. norvegicus. were infected
erther subcutaneously or orally with 200 - 200 mfective

Tavre 1. Positoer of mean anterior, shedibure and posie roe
incdividhualy (4 standard ervor of mean) of Nippostiongylos
mugnus, Odila bainac and Paraustrostrongylus rulll as
percemage distances along the smmall intestine i ten pamralh
infeceed bush rais, Rattus fuscipes.

Anterior Median Postenor
N.magnus 10112064 [514+484 S5663+10,17
Q. bainae 21742084 [823+307 48402 6,47
P ratii 322+1.62 19064225 4940+ 447

lervae ol N onagnus aor €1 haiige (Tahle 3), The
infecnive larvae were ofaied by collurng o misture
ol Faeces Trom naturally infected rals wilh sctivaled
charcal on moist Gluer paper and recovering developed
larvae by sedimenuition mo waler. Larvae  wene
sepurated on the hesit of morphological differences
{shape of the tal) dentifiable using 1 slerecmicroscope
funpubhshed observations). Infected rabs were Killhel
wilh chloroform 14 davs after infeetion and the
distrihution of pematodes in the suvall inreseine
determined in d somlar fashion 1o thal descrbed jbove
Experiimental wfections with P oredhi via oral,
subcutancous aml percubingeons moales  were
unsuceessiil

Resulfs

Nemapadde disrribitions i wild s

N magnus occurted an 100% of rthe wild hush rais
exurningl, with & meun mtensity of 67 and 4 range of
U-183, €, barnae was present in 100% of wild raty
examimed. with a meun miensity ol 64 and a range ol
1173 P aute was present in 0% of wild rats exanuned
with @ medn imensity of 171 und U range of 1-1094
(Tanle 4)

Other parssiles foond in the en natdrlly mhecied
bush rials were very small numbers. of Capillaria sp,
{(Nemalnda) in the [irst segment of the snimll intestine
and Coygeellarin gavirica (Baylis, 1926) within the
squamious epithelium ol the stomiach in five rats. There
wis 1o pathological reacton to adult Capilluria ot eges
within the squamons eprthelium. Heterakis spumoa
(Schneider. 1866) was found i the large intesting of
gight mas. The ceswdes Choanaaenia  rinicolad
(Sundurs, 1957), Humenoleps diminura (Rudolphi,
1819) and Berriella unapalvin Baylis, 1934 were fouid
in the small inlestine €. raiticola inhabiied the opening
of the bile duct. causing hyperplasia of the tile duet
epubhelum . M, dimimuta and B anapolynios were found
in segments 4412 ynd 516 respectively. However, K
dirttrsdta was distributed anteriorly (o B anapied/yricq
when both species accuried in rats.

N, magmiey vecdrred nainly (64%) n the anlenar

two segments of the snadl imtestne in natusdly infected

rats. with thaximum imensity in the (irst segment, and
ity numbers dechined progressively in the remaining
sectiond (Fig 1) The majority of 0 bajnar (82%.)
inhahited the five most anteriof segments in naturally
infecled bush rats with a maximum intensity (309 )
in the secomd seement (Fig. 1. The maority of £ raiii
(87% ) were distnbuled throughout the flive anterion
segmenis af the smadl adestine in nuturally infected
ruls (Fig. 1) with maximum mtensity pecurring i
segments | o 4. Small imestine lengths ranged trom
56-02 ¢ tmewn 71 em) and henee the average length
of each segment was 4.5 ¢,



TRICHOSTRONGYLOID NEMATODES OF THE BUSH RAT

Nippostrongylus magnus

lrainac

Odilia

‘Mean percentage of nematodes in each section

s b az
Sectlon of small inlestine

Fig. | Dustribution (mean percentage < standard ervor |error
harsl) of Nippostrongvius magnus., Odilia bainae and
Paraustrostrongylus raiti in gach segment (sixteenths) of
the small intestine of fen numurlly infected bush rts, Rafus
fscipes

N. magnus, 0. bainae and P. rani were sequentiully
distribuled along the small intestine of naturally
infected bush rats but differed in the positions of (heir
mean anterior. posterior and median individuals (Table
l). The mean anterior and median individuals of N
miaeids were anterior to those of @ bainae which were

o]
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more unterior (o those P oratti. However, the mean
posterior individual of N, mugnies was posterior to both
. bainae and P rawi. This was due 1o N, magnus
inhabiting the posterior quarter of the smull intestine
in two rals, whereas O bainae and P rani were nol
found in this segment. The distributions of the three
nematode species were significantly ditterent. Chi-
squared values obtzined for pair-wise comparisons
were N magnus - O, bainae, i, = 77.5 (p<0.001).
O. bainae - F. rani, x, 909 (p<0001), N.
magnus - Poraiti, v = 185 (p<0001). There wis
no correfation between miean posilions of nemalodes
with intensity of infection. except in the case of the
posterior position of Q. bainae (v 068, p
0.004).

The varialion in numbers ol trichostrongyloid
nemalodes in each segment of the intestine of naturally
infected bush rats was large (Table 4). with the standard
deviation equal o or greater than the mesn (see
standard error bars in Fig. 1). Despite this variation,
the difference in distribution was greater in indvidual
ruts (I- realised overlap) than the difference in their
mean distributions (- {undamental overlap). The
realised overlap was lower than the fundamental
overlap in 25 of 28 species interactions. The mean
realised overlap between N. magnus and P rattt was
lower thun the overlap between N, magnus and O,
bainae and between O. bainae and P. ratti (Table 2).
The total numbers of each species of nematode in
individual rats and the realised overlaps in natural
infections varied between individuals but the two
purameters were independent of one another (r <
0.3). Capillaria sp. occurred in such low numbers that

—

Fundamental and vealised overlup herween wiches of Nippostrongylus magnus, Odilia baimie  aned

Paraustrostrongylus rat in the small intestine of ten naturally infected bush rats, Rattus fuscipes

Nematode species No. of rals infected Fundamental overlap Realised overlap
pair with both species (+ standard devianon)

N magnus - O. hainae 10 0.68 0.55+0.14

N. magnus — P. ratti 9 0.61 0.40 +0.27

0. bainae - P. ralii 9 (.82 0.55 £+ 0.23

TasLt 3 Percentage of Nippostrongylus magnus and Odilia bamae oceurting in 16 segments of the small imtestine of
laboratory reared Rattus norvegicus following oral or percutaneous infection with third stage larvae

Segment no. of inlestine

Mean pereentage of nemalodes in segment
(+ standard crror)

prﬂu.ﬁmﬂy;fu.f AR nus

Odilia barmnae

No. of rats 4 o 3
| B33t 1310 = M EE S
2 23122 T.0+6.7
3 2.54205 23223
4 M0+ 6.8 0
5 16 )] 1l
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Eaii bl Nuenbie ey of memutodes, Nyppostrongy lus magus. Odile banae ard Paraustrosioongy lus rall ip soctions (2160 of
e semalt ingesting of ten nalarally pfocred bush rars, Raljus fuscipes,

 Rat number

] 5 i q iy
ﬁcuhiiu\n 1 2 i a4 u £ T b 11}
lﬂl,t"illl‘ll_: - ) —aa - .

| 14.5.0 0.0.1 2.0.1 5.0, ETWRKD A EN) 422210 4322 KT /AN 39,4238
. 1 0.0 K9.5 O 18,0 19,35 (16,0 8,316 131,36 2911, 13,1704 A1), 16 3
i 2.0,0 2,0,2 10 352 36,2 0.6 4925 10,5 13,730 11,2328
A 20 1,1,2 70 823 0.12,0 1042 47,56 7.24.18 1.12.26 0,5.133
4 0,20 0.0,0 6.0 5518 0131 04,0 1216 (] L1034 43276
h N0 0.1 0.00 144 240 0,6,1 01,22 0.1.4 1L,17,10 43,4

7 0.0 .0,0 0,00 10,318 0,10 0,7.0 00,7 05,1 030,11 20,15

[ 0,00 00,0 00,0 2.1.4 250 0,2 0,15 01,1 6.25.2 102

0 0,00 00,0 00,0 212 220 0,00 0,001 01 13130 0,00
i 0,00 0,0.0 0.0.0 10l 1.0 0.00 0.4 00 12,131 0,00

1 0,00 00,0 0.00 1.0,1 MR 0,00 0,00 00,0 (PAEH 0,00
I 1,00 (0.0 0.0.,0 1.0, 1,1,0 noo 0,00 I 12,130 0,00
I3 1,0,0 00,0 00 1,00 (VNI 000 0,04 0.0 (0,00 0.00
|4 000 0,0,0 0.0.0 2.0U 0.0.0 0,00 0,00 000 10,0.0 0.0
15 0,00 0.0.0 0.0.0 90,0 0.0.0 0.0.0 0.0.0 00,0 9,00 0,00
& 0,0.0 (a0 (.00 41,0 00,0 0,00 0,00 0o 000 0,00

Total 20000 11.16.14 18361 962270 431033  1477.%4 3773178 906042  IBA0T73,146 125,32, (W4

its possible interactions wath the irichosirongyloid
nenplodes were not considered,

Newnirerde distribanions in experimenally infecied ros

N magnus oceurred primarily n lhe anterior
segmient of experimentadly infected luboratory raes, with
a relatively small population of nematodes established
in segments 2 w4 (Table 3). Similarly, O buinue
became established primarily in the first segment of
the mieshing, with smidl numbers of nematodes present
in segments 2 o 3. The mean intensity af inlection was
10 for N magmes and 14 for O bainae.

Discussion

The significantly distinct sequential distributions of
Ihe three species of frichostrongylold nematode along
the small intestine wn natural infections and
experimental micctions suggest that each species
oecupies a distinet niche.  Furthermore, the
fundamental overlaps 10 natural infechonrs between the
species pars N. magnuy - Q. bainae (68% ) aml N,
magaus - Bt (61% ) were lower than the 70 % value
suggested by several authors (Pianka & al. 1979:
Holmes & Price 1980: Bull eral. 1989) toindivate the
exmtence of ceologically relevant differences. Only the
fundamental overlap between the species pair. ()
bufnae - P orerri (R2%) was greater than 70%.
However, the meun realised overlup (55% ) between
these twu species was subsiantially less than 70% .
indicaung that these two species interact (o separate
their miches inndividual ras. The distiibuion of 4
baimae in experimental infections (Table 31 differed
when compared with natural infections (Fig. 1) in thut
in monospecific infections it occurred in the most
anterior segment of the duodentim and this masy be duc
It Ihe absence of competition from N, magnus or

rarti. However, other contributing Factors may have
been the different species of host. the smaller sample
size in experimemal infections or the smaller numbersy
of O bainae in experimental infecrions.

These observations sugpest that the  nematode
community ih K. fuscipes s an interactive one. Holmies
and Price (1986) sepanted communities of pasasites
inio lwo categories, 1solatiomst and mjeractive, based
on their infrapopulations. that is, populabions in
mdividual hosts. They suggested that an ineracrive
community has no vacant miches, parasiles are mot
distributed independently and reahised distributions of
parasites are dependent on other guild memnbers. Soine
of these features are present in the case ol lhe
tnichostrongylowd nematode parasites of the bush rat,
since the realised overlap was less than the fundamental
overlap in most interactions in natural infechions.

However, (he small intestine of the bush rut docs
appear to have vacant niches in natural infections
despite the above evidence fur un nleractive
community. Although host immumty may reduce the
s1ze of apparent vacant niches (Noble ef ¢l 1989) and
low (ransmisyion rules Ny prevent pargsites Hiling all
available niches (Price 19%0), the distribution of the
trichostrongylowds in individual rats wiss independent
of nemalode numbers. Thus, assuming vacant niches
oecur. the trichostrongyloids of the bush i alsa
demonstriate one fcatare of an isolationist community
{Holmes & Price 1986). The *“population
conceptration” and “individual response” hypotheses
both explain why the species N. magnus, O. bainae
and P rany should occupy distinet niches even when
additional vacam niches are available (Holmes & Price
1986). The “populanon concentration™ hyporhesis hay
two components, that narrow niche oceupanon is
essentigl for the mantenance of intraspeciiic contact
for mating purposes (Rohde 1979, 1982) and that the
Occupabion of diserele miches s amportanl s o
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reprivductive  solating  mechanism  preventing
hybridization (Sogandures-Bernal 1959 Mantin 1964),
The “mndwiduil response™ hypothesis (Price 1984)
argues that parasites udapt w the environment they
inhahit and consequently Al narrow niches.

The distribution and swerlap of trichostrongylond
nemiatoddes imoandividual bush rats vary greatly from
the means but are independent of nemalode numbers
except an the case of the postenor exient of € buinue
in the imestine. The varability 1n ihese
intracommunities may be due o the biojogical features
of Ihe nematodes and their interactions with poe
another bul may also be caused by vanability in the
charscienstics ol the host which influence parasite
infracommunities such as host diet (Croll 1976) and
blood supply (Croll & M 1977y, The pon-specific host
respinse, patholugical responses and acquired immune
responses of the host may alse influence the distribunon
ul’ purasites.

The three tichistrongyloid nematode specics found
in R fuscipes have different biogeographical origins.
The genus Nippostrengyluy occurs priniarily in Ratfes
spp. in south-east Asia and in other rodenls i Asia
and  the Middle-East. with a single species i
dermopterans (Beveridge & Durette-Desset 1992a).
Singe the endemic species of Rafrey in Austialia
probably reached the conlinent Irom south-gast Asia
(Wans & Ashin 1981). it is likely that Nipposirongvius
reached Australia with them and that subsequent co-
specuition led 1o the evolution of N, magnus in R.
fiscipes (see Beveridge & Durette-Desset 19924). The
genus Odiliee vceurs primrily an hydromyine or "old
endernic” riadents in Australia, principally in the genera
Melomys und Uromyy. Species occurring mn Rarne spp.
have been interpreted as transters from “old cademic™
rodents, which probably evolved begween 5 and 15
million yeurs ago, o the “new endetnic” Rarius spp.
which have been presenl on the contiment for about
1 milhion yeurs (Wans & Aslin 1981). Species of
Puransrrasteongvluy decur in possums (Phalangeridie.
Peruuridae, Burramyidac) and rat Kangaroos
(Potoroidise) (Spratt ef wl, 1991), with 4 single specics,
' vani ina rodent. The trunsfer of Purastrastrong vius,

undd probubly Odilia, sy therefore presumed 1o be of

revent origin (less than | millinn years),
Huolmies (1973) suggested that stable communinies are

older than mleracuve ones and since mMost parasie
communities dre stoble, he concluded thut they ure
relatively old, The interictive component ol the
inchostrongyloid infrucommunity in bush 1uts sugeesis
that it 1s a comparatively young communily. This s
consistent with the hypothesis that £ rani and possibly
wlser O, hainae dare recent invaders. Following theie
invasion of K. fuscipes. Borat and O bajnar have
occupied distinctive mches within the new  host
possibly  due w solationist [orces and/or  their
interactions with the other trichostropgy loid nematode
species present in the small intestine. It s possible that
P raiti colonised i previously vacant niche at the lime
of switching sinee N mwegnns and O bainae do nol
occupy this niche even when B raffi 1s absent

The other parasites found in the small inteshines ol
bush rits appear W occupy completely difierent niches
from those inhabited by the (nchostrongylomd
nematodes or o vceur at g very low nlensily and
prevalence (Captlitaria sp.) and therefore were not
considered in the interactions of the trichostrongyloid
community in the present study, The distributions of
H. dimineta and B. anapolytica overlapped, Howeyer,
the two species were never found in the same segracnal
of the small inestine although only two ris were
infected with both species. Becaose of mieractions
which miay occur between theni, they may occupy
sepitrale niches (Holmes 19733, A larger swinple of rats
would be needed 10 examine the exient of inleraclion
between their cestode parasites.
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