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ABSTRACT

Pilostyles hamiltonii is uidely dis trLbuted tht'oughout the
south-uest of Westem Australia. Tkis taron has been recorded
parasi t iz ing the genera Daviesia (1a spp,) ,  Jacksonia (2 spp.) ,
Oxylobium (2 spp.)  aTrC castroLobiun (1 sp.) .  PiLostyles is
&Loecious on Daviesia but mornecious on the othez, three host
geneya, Floters break through the bark of aLL host species in
swmner (Janumg ) and probablg aye uasp pollirwted. F:r,uits of
the parasite y,emai,n on the planl: fot, up to I nonths. It is
suggested that speciation of Pilostyles may haue occuyred in
Westem Atntralia and that taronontg of the group uarvqnts
furLher attention.

INTRODUCTI ON

PiLostg les (Raf f les iaceae)  is  a snal l - f lowered genus of  s ten paras i tes
wi th a rest r ic ted range of  host  p lants in  the Minosoideae,  Caesalp inoideae
and Papi l ionoideae.  The genus is  widespread,  occurr ing in  I ran,  East  Afr ica,
Western Australia and the Anericas where it can be found from California
through the t ropics to  Chi le  (Kui j t ,  1969) .  The s ingle Austra l ian species,
P.  haniLtoni i ,  was descr ibed by Gardner  (1948)  f ron nater ia l  co l lected near
lfundaring Weir, sone 30 kn fron Perth, The only other published infornation
on th ls  species are some notes by Smith (1951)  and a br ie f  repor t  by
Kenneal ly  and Pi - rkopf  (1979) .

METHODS

Dur ing 1975-1979,  f ie ld  surveys were under taken throughout  south-
western Austra l ia  to  detemine the d is t r lbut ron of  Hlosty les.  In fected
plants could be recognized frorn sone distance due to the darker appearanse
of  the host  p lants,  As wel l ,  in fected p l .ants,  especia l ly  nauies ia,  o f ten
had delayed and greatly reduced flowering. htrerever pilostyles was found,
records were nade of  host  species and habi tat ,  d is t r ibut ion of  paras i te  on
h o s t  a n d  t ) ? e  o f  s e x u a l  e x p r e S s i o n  i n  t h e  p a r a s i t e .  I f  s u f f j - c j - e n t  p l a n t s
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were present ,  the sex rat io  was detennined,  Inc identa l  observat ions were
also rnade on the genera l  b io logy of  the paras i te .  Voucher  specinens are
deposi ted in  the Western Austra l ian Herbar iun (PERIH).

O n e  s i t e  w a s  s e l e c t e d  f o r  n o r e  d e t a i l e d  s t u d y  ( F i g ,  * ) .  T h l s  w a s  i n
Eucalyptus margi.nata (Jarrah) forest near Kalamunda, in the Darling Range,
approx inate ly  20 kn east  of  Per th,  Wi th in th is  area,  on an open,  nor ther ly
facing slope, an area of understorey doninated by DauLesta angulata was
dlv ided in to 1470 netre-square quadrats.  Each square lnet re was scored for
the nunber  of  lnd iv iduals  of  Dauies ia present .  Where Hlostg les was found,
i ts  sex was deterrn ined,  and the species of  host  p lant  was noted.  Thls  s i te
was v is i ted at  least  once per  month for  15 rnonths,  so that  observat ions
could be made on the l i fe  cyc le of  Hlosty les.  An adjacent  area which had
been burnt  in  the spr ing pr ior  to  the per iod when deta i led observat ions began
was used to note the ef fect  o f  f i re  on PLlostuLes.

RESULTS

Host  Species

' lhe type col lect ion ot  P{  LostyLes hamL-L toni i  inc ludes two host  species,
Daui,esia pectinal;a and D. anguLata. (This species has been confused with
D.  polgphyl la  by many workers -  Personal  connnuni  cat  ion,  Dr .  M.D.  Cr isp,
Herbar iurn,  Canberra Botanic  Gardens.)  Smith (1951)  extended the l is t  o f
known hosts to four with the addition of D. incrd.ssdta and D. rhctnbi' foLia.
The current  range of  host  species is  deta i led in  Table 1.  A11 host  specles
belong to the Papi l ionoideae Tr lbe Podalyr ieae.  Most  species (10)  belong to
the genus Dauiesia, with two species each of Jacksowta and AxyLobiwn and one
species of  Gastro lobiun being paras i t ised by Hlosty les '

Table 1,  Host  genera and species in fected by Pi lostgLes in  Western
Austra l ia .  The f lower ing t ime of  the paras i te  (Jan.  -  Apr i lJ
var ies L i t t le  wi th  host  species even though the hostsr  f lower ing
nonths vary consi  derab ly .

Host  genus Host  sp ec i  es Host  f lower ing nonths

I

Dauiesia

Jacksonia

0rg Lobitrn

Gastt:oLobiun

May
July-August
Aug .  -Nov.
June-Sept ,
June-Nov,
A u g . - D e c .
Aug,  -Nov.
D e c .  -  F e b .
June-Sept .
Ju ly-Aug,
Nov. -l4arch
Sept . -March
Sept . -Nov .
Aug . -Dec .
Aug.  -Feb.

anguT,a ta Benth. er Lindl  .
colLeti.oides Meisn.
incrassata Sm.
nudLflora Meisn.
pectinata LindI .
pedwtcuLata Benth, ex Lindl .
poLyphyl1.a Benth. ex Lindl .
prei.ssii Meisn.
quadr"Llatet:a Benth.
rhanbifoLia 'l{eisr'.

florLbtmda Endl .
spinosa (Labi lJ".  )  R. Br.
atroputptu,e a Turcz .
Lineari foliun (Don) Dornin
oeLutinum
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.- Except for an outlier at Peak Eleanora, (host: O:ry Lobiwn Lineartfoliwn)
PLlostyles is conf ined to south-west l l lestern Austral ia ( f lg.  f )

Fig.  1.  Distr ibut ion of  Pi lostgLes ha:dLtowi i
dot shows the presence of the species
the Australian Map Grid (50 kn) .

WesternAustral ia.  Each
a 50 kn square, based on

1n
an

The parasite occurs as far north as Eneabba, is widespread throughout
the Darling Range and occurs in the Stirling Range. It is expected tiat
fu ture d iscover ies wi l l  extend th is  range par t icu lar ly  a long ihe south
coast from Albany to Esperance. The range of habitats for pLlostules
inc ludes the low heath vegetat ion of  the Northern Sandpla ins,  the understorey
of the Euca.LAptus aandoo and E. ma:rgirtnta forests, and the dense lr4yrtaceae,
Proteaceae and Leguminosae scrub on the slopes of Bluff Kno1l . in ihe
St i r l ing Ranges.  The paras i te  is  apparent ly  absent  f rom the sandy soi ls  of
the Swan Coastal Plaln near perth even though two of the host sp"iies
comnonly occur. Elsewhere, probably with the exception of the b, angulata
and D, polgphylla host group, only a small part of the hosts' ,^rrg" i,
occupied by the parasite. For exanple, Jacksonia fLoz"Lbmda is wlaely
d is t r ibuted through the r rwin and Dar l ing botanica l  d is t r ic ts  but  paras i t ised
plants have only been found in the lrwin district. six of the 14 i<nown hosr
12735-6
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species are in fected on the sandpla ins or  la ter i t ic  s lopes of  the I rwin

dis t r ic t  between the Moore River  and Eneabba.  Al though species of  Dautes ia

occur  in  the St i r l ing Range,  no paras i t ized p lants have been found there '

Some of the Dattiesia hosts, particularly D. attguLata, occupy disturbed

si tes,  and p lants bear ing Pi lost ;g les can of ten be found in  o ld gravel  p i ts ,

beneath power l ines and a long forest  t racks.  Most  of  t lne DaD;-es ia hosts

have large underground root-stocks frorn which regeneration occurs after

d is turbance.

It is interesting to note that the only Dauiesia plants found infected

wi th PLlosty las grew on h ighly  leached and la ter i t ic  so i ls  characte l is t ic  of

large areas within the Eucalgptus marginata forest and dissected dullclust

olaieaux north of Perth near Jurien Bay. By contrast the two infected

ipecies of  Jac l<sonia grew in deep,  whi te Ple is tocene sand nor th of  Per th.

F lower Dis t r ibut ion on Hosts

Like other  species ln  the genus,  PLlosty les hontL l ton i  is  a s tem
parasite and flowers were only rarely observed on leaves in sorne DaUi.esia

ipecies.  In  a l l  host  species the rnost  recent  fLowers of  the paras i te  are

bl rne on woody stens usual ly  one growth season o ld but  occasional ly  o1der .

Consequent ly  there is  a progress ion up the p lant  fTon the remnants of  past

season's  f lowers and f ru i ts ,  ind icated by the scale- l ike bracts  and

ruptured bark, through the current yearrs growth into the yor.rnger stens

where development  of  next  yearrs  f lowers is  occurr ing wi th in the bark of

the host .  Some.of  these features are ev ident  in  F igs.  2-7.

The flowers of Pil,cstgles are unisexual ' Pilostgles on Dat;iesia is

alnost always dioecious whereas PLLosfuLes on JacksowLa, Cag Lobiun and

Gastz'olobi,wn is monoecious. Examples are given as Table 2. Hence, the

stens of  Dao'Lesia hosts usual ly  bear  arrays of  f lowers which are e i ther  a l l

n a l e  o r  a l l  f e n a l e  ( F i g s .  3  a n d  4 ) .  I n  t h e  o t h e r  t h r e e  g e n e r a  ( e . g '  F i g .  7 )

the male f lowers occur  in terspersed wi th fenale f lowers on a l l  branches.
Though only  68 p lants of  these genera were recorded in fected wi th Pt losty les

th is  pat tern ias consis tent ,  suggest ing that  nost  p lants were in fected only

once.  The rnale f lowers are usual ly  less obvious because they are shor t -
l ived and nay abscise before the st igmat ic  sur face of  the fernale f lowers
hardens fo l lowing pol l inat ion.  Also,  the nale f lowers are usual ly  outnumbered

two to three t imes by fernale f lowers on these p lants.

In  the f ie ld ,  as prev iously  ment ioned,  hosts rnay be syrnpatr lc .  For

example, in the Darling Range, D. arqulata" D. preissii ' and D. pectirnta
grow together ,  each bear ing d ioecious paras i tes.  L ikewise,  ) t :y lob ium and

Gastvolobium, wi th monoecious paras i tes,  are sympatr ic  in  the St i r l ing Range.
However,  in  the I rwin d is t r ic t  where sand over l ies la ter i te ,  n ixed populat ions

occur, with dioecious PLlostgles ot D. polyphglla and D. qzndrtlatera
together with the nonoecious condition of the paraslte on Jacksorna.

Occasionally nale and fenale flowers were encourntered on the sane

Dat ; ies ia host  (e.g.  D.  anguLata -  Table 2) .  Out  of  a  to ta l  o f  112 p lants

scored in  a gravel  p i t  near  Kalamunda,  s ix  were nonoecious.  Unl ike the
f lower d is t r ibut ion of  PLLosty les on the other  host  genera,  rnale and
fenale f lowers were not  n ixed at  randorn.  Two condi t ions were found'  F i rs t ly '

ha l f  o f  the sterns of  the host  ar is ing f ron the rootstock bore seasonal  amays
of  male PiLostyLes f lowers whereas the other  s tems bore female f lowers.  As

al l  s terns were of  the sane age,  th is  suggests that  the host  was in fected
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Fig.  2 .  Shoot  of  Daui .es ia pect t  nata in fected wi th p i lostg les
f lowers (x  0.3) .  F igs.  5  and 4.  Stems of  DaaiesLa angulata
H l o s t g l e s ;  ( 3 )  w i t h  r e c e p t i v e  f e n a l e  f l o w e r s ,  ( 4 J  w i t h  n a l e

' o  ( a r r o w e d . ;  a t  a n t h e s  i s  t x  I  . 5 )  .

75

4
showing fernale

infected wi th
f lowers showing

Table 2.  Dis t r lbut ion of  the unisexual  f lowers of  p i lostu les.  The nunber
of  host  p lants counted bear ing male and/or  female f lowers of
Pi lostu les is  shown.

Number of  host  p lants bear ing

Ho st

naLe fenale both nale
paras i te  paras i te  and fenal  e
f lowers f lowers f l  owe rs

Dd.uLest.a angulata

Daut esict angulata

Dau'resia pectinata
Jacksonia flodbund,t
Arg Lob iun atroputpurea
Gastrolobiwn ueluttnun

Kalanunda ( fores t
p l o t )

Kalanunda ( grave 1
p i t )

Kalamunda
Cataby-Eneabba
q t i  r 1 i  n f t  D . n ^ a

q f  i  r l  i n 6  D . n n a

3 8 3 8

55

3
0
0
0

6

0
3 1
2 3
1 4

5 1

6
0
0
0
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Fj .g.  5 .  Heavy in festat ion of  Hlosty les ( fenale)  on Dauies ia angulata.
F igs.  6 and 7.  In fected sterns of  Jacksonia fLoz. ibunda;  (6)  genera l  v iew of
sna1l  shoot ,  (7)  deta iLs of  f lowers of  P i losty les (x  1.5J pushing through the
th ick bark.  Young f ru i ts  (F)  and dehydrated rnale f lowers (M) are ind lcated.
Fig.  8 .  Overcut  jar rah forest  near  Kalanunda showing understorey wi th in fected
DaDiesia p lants (arrowed) where data for  Table 4 was obta ined.
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twice s imul taneously  by PLLostg les.  Secondly,  nost  of  the branches of  the
host  were colonized by a PLlosty las ptar t  produci .ng f lowers of  one sex.
However, several younger branches arising fron the root stock bore parasite
f lowers of  the opposl te  sex.  Possib ly  a second invasion by pLlosfuTes had
occurred in  a fa i r ly  nature host ,

Darling Range Study Sit e

(a)  Dis t r ibut ions wi th in s  i te

Dauiesia was a proninent conp onent of the understorey (Fig. g), The
plot  conta ined 650 ind iv iduals  of  , .  anguLata and 70 of  D,  pect i ,nata.
Pt losfuLes was found in fect ing 76 (12%) of  D.  angulata bushes,  and 9 (1S%)
of D, pectinata, 0f the 76 of D. angulata, exaetLy half (S8) were infected
wi th nale Pi lostgLes,  and hal f  wi th  fenale.

Each metre quadTat contained from zero to four individuals of
D.  angulata (Table 3) .  The p lants were shown to occur  in  c lurnps rather  than
randonly,  wi th  respect  to  the netre square p lots ,  by cornpar ing the observed
dis t r ibut ion wi th that  expected f rom a poisson d is t r ibut ion.  The depar ture
f r o n  t h e  l a t t e r  w a s  h i g h l y  s i g n i f i c a n t  ( 1 2  =  4 0 . I 7 ,  d . f .  =  3 ,  p  <  0 . - 0 0 1 ) .

It was expected that the distributton of pLlostgles wod,d, be clumped
both around fernale individuals and within host group!, However, the highest
percentage of  paras i t izat ion (Table S)  occured in  quadrats conta in ing only
one individuar of D. anguLata, whilst all quadrats which contained eiiher
three or four individuals of Dauiesia contained no pLLostules,

(b)  Response to f i re

Fol lowing the f i re ,  both species of  Dautes ia had regenerated f rom
extensive rootstocks.  rn sone of  these,  E 'L lostyLes was ev ident  in  one and
a hal f  year  o ld shoots,  suggest ing that  HLostALas had surv ived the f i re
within the root-stock and grew up within the regenerat ing Dauiesia stans.
Rapid reappearance of Pilostyles in sterns regenerating after fire was also
observed in  other  host  species in  the nor thern sandDla ins.

( c )  L i f e  C y c l e

Dur ing December,  swel l ings appear  on the woody stens of  the prev ious
yearrs growth of  the host .  These swer l ings enrarge unt i r  f lower Luds emerge
in January.  F lower in i t la t ion and energence in  the paras i te  are apparent ly
unre lated to f lower in i t ia t ion in  the host  (Table 1)  ,  Male and te i ra le
flowers emerge concurrently, the buds opening towards the end of February.

Table 3.  occurrence of Pt lostyles,on Dauiesia angulata near Kalarnunda.
Forc detai ls see text .

Nunber of host plants in each quadrat

Number of quadrats
Nunbe r  o f  p lants paras i t ized
% plants paras i t iz  ed

998 326 r t7
62  L4

1 9 . 6  s . 9

2 6 3
0 0
0 0
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However,  male f lowers which are shor t - l ived are only  present  unt i l  9ar1y
Apr i1,  whi le  many young female f lowers can st i l l  be found in  la te Apr i l .
Both male and fenale flowers of Hlostyles on Dauiesia are burgundy ln
col .our .  This  contrasts  wi th the orange f lowers of  Hlosty les found on
Jacksonia and the orange-red flowers of PilostyLes on 0:rA Lobiwn and
Gas trolobitm.

The most  pxobable pol len vector  is  a snal l  un ident i f led nat ive wasp,
which has been observed v is i t ing f lowers of  both rnale and female p lants of
HlosfuLes.  For  example,  dur ing a one-and-hal f  hour  per iod in  a populat ron
near  Kalamunda,  wasps were observed v is i t ing male f lowers on two host
p lants (over  14 separate v is i ts  to  f tower:s) ,  and female f lowers on f ive host
p lants (over  1.3 separate v j .s i ts  to  f lowers) .

ht ren v is i t ing the f lowers,  thc wasps land in  the middle of  the f lower,
on top of  the centra l  co lunn.  The insects then probe between the colunn and
the per ianth in  search of  nectar .  Both nale and female f lowers have
nectaries near the point of attachrnent of the perianth. Foraging at the
nectar ies necessl ta tes that  the sane par t  o f  the insect  touches e i ther  the
anthers or  s t igmat ic  sur face.  The morphology of  the wasps is  such as to
fac i l i ta te pol len t ransporE,  and the observed behaviour  should lead to
pol1en t ransfer  f ron male to fernale p lants.  I t  is  therefore suggested that
these wasps are the pol l lnators of  PtLostg les.

Fron about May onward, the fenale flowers enlarge as fruit and seed
maturat ion proceeds,  unt i l  f ru i t - fa l1  occurs in  October-  Novernber .  Each
fenale flower contains about seventy olules when on DauiesLa arqulata and
JacksonLa flor"tbunda, but over 100 when on orylobiun atTopurpurea or
Gas trolobitrn uelutinnrn (Table 4). Fruits are r:arely found on the ground
beneath fenale p lants,  but  i t  is  not  known how dispersal  is  ef fected,  or
how paras i t isat ion occurs.

Table 4.  Ovule counts for  PLlostu les on four  hosts,

H o s t
Nunb er and range of ovules/ovary

[ n  =  s )

Dauiesia angulata
Jacksoni.a fLorlbmdn
)ry Lobiun atTap La,puvea
Gas tr o Lob Lun u eluti rmn

69  (60 -77 )
73 (65 -  84)

r22 (87-138)
102  ( s9  -  1431

DISCUSSION

Pilostgles LnnrLltonLi is nore widespread, and has a greater host range
than was prev iously  thought ,  yet  i ts  d is t r ibut ion in  Western Austra l ia
renains an enigna. There are several disjunctions, even though sorne of the
intervening areas have an abundance of sorne of the known host species.
There appear  to  be considerable d i f ferences between some of  these d is junct
occurrences,  as ref lected in  f lower co lour ,  host  preferences and sexual
express ion.  These d i f ferences may wel l  deserve taxononic recogni t ion.
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I t  is  a lso unclear  why Pt lostg les should paras i t ise such a snal l
propor t ion of  the species in  each genr is  which ls  ut i l ized;as a host ,  even
though i t  is  known to ln fect  four  d i f ferent  genera in  Western AustTal ia .
Less than a f i f th  of  the Western Austra l ian species of  Dauies ia are known
hosts of Ptl-Lostyles, and JacksonLa, Ctcglobiun and Gas trolobium each contain
20-40 species,  yet  only  f ive species f rorn these three genera are known
hosts.  Uninfected species are f requent ly  found occurr ing sympatr ica l ly  wi th
infected ones.  Conslder lng the norphology and d is t r ibut ion as we11,  the
most  1 ike ly  explanat ion is  that  three taxa of  P i losty les occur  in  Western
Australia - one on Daui,esia, one on JacksonLa, and one on a:tylobium and
Gastrolobium. Pilostyles on Orylobiun and. Gastrolobiun is of restricted,
d is junct  occurrence on a re lat lve ly  o ld land sur face and hence may represent
a re l ic t  d is t r ibut ion.  L>Llosty les on JacksonLa being narg inal  to  the larger
d is t r ibut ional  area wherein Dauies ia is  a host ,  may be of  recent  or ig in .
I f  such is  the case,  then the observed re lat ionship bet i {een host  range and
parasi te  range is  in  accord wi th the d is t r ibut ional  pat tern.  Clear ly  much
nore needs to be known,  par t icu lar ly  concern ing host /paras i te  re lat ionships
and contTol  o f  sexual  express ion in  the paras i te  and f lora l  norphology of
Pi lostg les,  before the evolut ionary h is tory of  P l lostALes in  Western
Austra l ia  can be e luc idated.

Fur ther  aspects of  the b io logy of  PLLosfuLes which requi re fur ther
invest igat ion are the processes of  seed d ispersal  and in fect ion of  a  new
host  .

The scarc l ty  of  f ru i ts  on the ground beneath fenale p lants suggests
ei ther  that  they are eaten,  or  that  an ef fect ive d ispersal  mechanisn ex is ts ,
but  noth ing is  known beyond th is .  Ants are l ike ly  d lspersal  agents,  and
have been repor ted d ispers ing seeds of  severa l  species in  the jar rah forest
(Majer  19781 .  Storage of  seeds by ants rn lght  prov ide the gern inat ing seed
wi th an easy pathway to the host  t issues v ia the root  systen.  Al though
Kui j t  (1969)  c la ins that  PLlostg les in fects  only  s tens,  and not  roots,  our
ev ldence suggests that  root-s tocks nay be in fected.
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