
lill 0 /;-;~~
N ClIlfllo!ogica 18 (1972): 482-493. E. J. Brill, Lcidcll

p ublished in 1973

BIOLOGY OF D 13LADjj'NUS Sl RfC1D1COLA (NEOTYLENCHIDAE)
AN ENTOMOPHAGOUS-MYCETOPI-IAGOUS NE MAT OD E PARASr rrC

IN SIRICID WOODWASPS

BY

R. A . HE D D IN G

Di vision of Entomology, C.S.1.R.O., Stowell Av enue,
H ob art, T asman ia, Au str alia

Deladenns siricidico!a has two lifc cycles cach of which can con tinue indefinitely without the
interventi on of the other. One cycle is free-li ving involving a ncotylenchid for m of female that
rcprodu ccs ovip aro usly while fccd ing on the symbiotic fun gu s of Sire»: woo dwasps. The other
cycle is parasitic, wi th a sphacru lariid form of fcmale rep rodu cing ovoviviparously with in
the hacmococl of fou r spec ies of Sirex an d two asso ciatcd insects. l\ facro- an d mic rospcrmato zoa
arc associated with the free -livin g and parasitic forms of female resp ectively . j uveni le ncma­
to dcs ma y become adu lts of either cycle dep ending upon env ironmenta l con di tions. Detailed
observations have bcen made on the mycctop hagou s lifc cycle from plate culture s an d within
tim ber. D etails of th e modc an d localizat ion of penet ration hy infecti ve females in to Sire s:
larv ae arc included . Thc development of parasit ic fem ales particularl y wit h regard to ovarial
de velop ment has been followcd. 1t has been shown that thc time at wh ich rep roduct ion by th e
parasitic nematode commences in relation to h ost develop ment may be dependant eith er on the
spec ies of h ost o r the st rain of ne matod e involved. This factor is correlated with the scvc rity
of the effect pro duced b y paras itism on the rcproducrivc system of the female host .

The woo dwasp, Sire»: !1od ilio F. is a serio us pest of Pinas radiata D. D on.
fore sts in Australia and N ew Zea land and since 1962 has been the subject of an
extensive programme of research in Australia with particular emphasis on contro l.
The im por tant discovery (Zonclag , 1962) of nema tode parasiti sm of S. uociilio in
N ew Zea land led in 1965 to the un dertaking of investigations into nematodes
of siricids by C.S.I.R.O . The life hi story of these nematodes was shown by
Bedding (1967, 1972) to be of an unusual kind involving striking female dimor­
phi sm associated with free-living, mycetophagous and parasitic life cycles and
th e species concerned was desc ribed and named D e/adem!s siricidicola Bedding
(Bedding, 1968). T he present pap er is an account of the general biology of this
ext raordinary nematode. Research is still in progress on details of biological
contro l, in sect hos t and fungal specificity, facto rs affecting infective pr oduction,
distribution of parasitis m and population dynamics .

j\ IE T H OD S

To obtain un contamin ated culture s of the symbiotic fungus .Amylosterenm
areolatnm, adult female Sirex were dipped in alcohol, flamed, and then dissected
under sterile water in or der to remove the ooiclial glands. The burst glands were
streaked on plates of potato dextrose aga r and the growing front sub-cultured
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after incubation at 24°C. Tes tes conta ining juvenil e D. siricidicola simi larly
removed fro m male Sirex were placed in the centr e of funga l cultures tha t had
grown over abo ut one third of the plate. After one day sub-cultures (abo ut
2 cm square) of several hund red nematodes together with fun gu s were taken
from the gro wing fungal edge, and used to establi sh a monoxenic culture. In sub­
culturing a balance must be main tained between nematodes and fungus since
the nematodes can breed succe ssfull y on ly on the gro wing edge of the fun gus .

Several attempts were made to ob serve entry using the me th od adopted for
Tripins sciarae by Poinar & D oncaster (1965) bu t D . siricidicola infectives appeared
un able to en ter under these conditions. Using a modified technique satisfactory
results were obtained: small Sirex larvae were left under water until immobile
and placed half immersed in a thin layer of molten 1% ion agar on a coverslip .
Infective nematodes were then added to the larval surface and after the se had
migrated between larva and agar, 1% ion agar at 35° was poured over to fully
embed larva and nematodes. After trimming, the agar block was suspended from
the coverslip in a plastic cell for ob serv ation.

BIOLOGY OF THE H OSTS

D. siricidicola has been found parasitizing the siricids S. noctilio, S. jllPellCIIs L. ,
S. C)'alleIls F , S . uitobei Matsumura and X eris spec/mill L. and an associated beetle ,
Serropalpns barbatris (Scha ll.),

Female S. uoctilio drill in to the wood of living pine trees to oviposit and injec t
toxic mucus and a symbiotic fungus (.rig. 4 A) . The mucus and fun gus kill
susceptible trees (Coutts, 1969) and S . uoctilio larva e bore th ro ug h the wood
feeding on th e fun gus as it grows in the tree . Adult S . uoctilio emerge one, two
or three years after ov iposition. S . jIllJelWIS, S . t)'alleIlS and S . nitobei have similar
life cycles to th is but usually atta ck onl y dying or dead trees. All four species
carry the same symbio tic fungus (A . areola/III/I) . X . spec/mill carries no symbiotic
fungus but lays eggs in dead timber in which fung us, usually from other siricid
species, is already established (Spradbery, pers. comm.). S . barbatus lar vae, also
wood borers, are found in dead coniferous timber attacked by a variety of fun gi
including A . areolatnm,

OB SERVATION S

J11)'ce/ophagol/s life cycie (Fig . 1).

Juvenile nematod es remo ved asep tically from their host and placed on young
cultures of A . areola/ilill growing on potato dextrose agar migrate to th e growing
edge of the fun gus and commence to feed. Wi thin 5 days at 22° adult neotylenchid­
like males and females matu re and mate.

:Mating, which has been observed on some 50 occasions, lasts for 10 to 30
seconds and is preceded by several minutes of manoeuvring into position . Some
200-500 amo eboid spermatozoa are rapidly injected between the spi cules and
into the vulva, to occupy the uterus to a length of abo ut five times the fem ale



484 R. A. BEDDING

MYCETOPHAGOUS

Eggs la id in trccheids ,

re sin canals
and hast gallerie s

Egg s
hatc h

F R E E L I V IN G

C Y C L E

Adu lts feed a n
fu ngus in wood

Amoeboid spe rma tozo a

transfe rred dur ing
capu lofion

Juveniles e nter ha st
egg s and ar e transmitted

into n ew hab ita t

dur ing ho st ovi po siti on

Alter moult ing. in fe d ives
grow cansi derobly in

hast haemacael
a nd ovoviviparously rel ease

juveniles i nto pupa

Juven ile s fe ed an fungus
and develop into adult s of
e ither cycle dependi ng an
en viro nmenta l co n di tio ns

PARASITIC

CYCLE

Mic ro sperm a toZQO

Ira nslerred durin g
copulat i on

Fert ilize d in fecti ve

lema le s pe netro te
host lar va

Fig. 1. Diag ram of the life histor y of D etadenns siricidicola.
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body width. The male rapidly with draws and inevitably a dozen or more sper­
matozoa are lost to the outside. E gg layin g rarely occurs without pri or copu­
lation and unfer tilized eggs do not develop. Sing le male and fem ale D. siriridicola
placed at opposite sides of 9 em diameter culture plates almost invariabl y cop ula te
within 24 hour s. Copulation and 0 -iposition occurs at temperatures from 3°
to 30°. Both males and females feed on the fun gus before and after copulation
and bot h sexes will mate more than once.

Oviposition usually commences wi thin a few ho ur s of copu lation and takes
only a fraction of a second. Eggs are laid ab out one per hour ini tially but, after
several hours, fro m two to three per hour at 22° under idea l con di tions. Adult
mvcetophagou s females feed on you ng fungus cultures almost continuously and
may survive fur several we eks at 22 ~, often laying in excess of 1,000 eggs.

The time taken for eggs to hatch is very variable but averages 4 to 5 days at 22°.
Juveniles soon beging feeding on fungus and, when this is young and uncon­
taminated bv fo reign organisms , take about 7 da ys to mature in to mycetophagous
adults at 22°. T his cycle can continu e indefinitely in the presence of young un­
contaminated fungus and some cultures have been maintained for 4 year s (approx­
imatel y 100 ge nerations) without in tervention of an insect ho st.

\,(1hen females bec ome very old they no longer o viposit but retain up to 20 eggs
within the ov iduct. \,(lhen the paren t dies these hatch and lar vae eventually
rupture the paren t cu ticle to escape.

"V('IJ/a/ode !J('ha/!iollr H'i/hil1 /ilJ/!J('r

In the w oo d juv en ile nematodes emerge from host eggs within a few hours of
oviposition, but in living or very wet wood, little nematode migration occurs
until the wood dr ies out belo w 50% moisture content (ba sed on oven dry weigh t).
Co tton blue lactophcn ol stained sections across Sirex oviposition holes show th at
juveni les grow in to ad ults and lay rows of eggs in the tracheids within 1 to 2 cm
of ho st oviposition (Fig. 3c) (Akhurs t & Bedding, un published). After sufficient
d rying of th e wo.«l, nematodes can he found breeding whereve r there is growi ng
fu ng us, this being wi thin tracheids, be twe en wood and ba rk, within the host
ga lleries where fungal gro wth is often particularl y dense, and also within res in
cana ls.

I I1] er!inc [cma]« aud associatci] IJ/ale production

In monoxenic cul ture and on young fungus all larvae hatchi ng from eggs
become free-living, m ycetophagous, ov iparo us females (Fig . 3/\.) or males
containing larg e amoeboid spermatozoa . H owe ver, cu ltures of D . siricidicoia
that become old and brown (usually after about 1 month at 22°) produce in­
fecti ve females (r:ig. 31\) an d males with very sma ll (1 to 2 p. diameter) round
spermatozoa consisting mainl y of the nucl eus . The spermatozoa from these
males is quite un like the large (10 to 12 [J. diameter) amoeboid spe rm atozoa found
in males associated with mycetophago us females.
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Dependi ng on environmental conditions, the sam e eggs may g Ive rise to
rnycetophagous females and associated males o r to infective females and
associate d males. Ma les containing small sperm ne ver attempt to mate with myce­
tophagous females even whe n males with amoeboid sperm are absent, and th e
co nverse is also true. Fe rti lize d infective females contain an estimated 15,000
spermat ozoa. Repeat ed sub -culturing over several years in one strain of D.
siricidicola has led to the cessation of production of in fecti ve fem ales in plate
cultures .

In the na tura l habitat it is thoug ht that infcctives are usually only produced
in th e imme diate vicinity of th e host larva. The rich fungal g ro w th around the
larva in its cavit y p rovides enough food for several free-living genera tions of
nematode but co ndi tion s must eventua lly approximate to th ose in old cultu re
plates and infcctives will be produced . A lso several species of bacteria have been
identified (Madden, pers. comm.) from Sirex frass an d, as on so me culture plates,
these doubtles s contribute to a tendency for infcctivcs to be formed . E lsewhe re
in the wood cond itions are rela tively ste rile.

Ellli)' oj lIell/atode into bast [arrac

Only fertil ized , adult, female infect ive nematodes can en ter siricid larvae.
T hey move over th e outside of the larva often for several ho urs before at­
tempting to penetrate. The infective usually adopts a pos itio n for entry with its
head held at righ t an gles to the larval surface, then th e large tubular stylet beg ins
to thrust in and ou t at 60 to 100 thrusts per minute. D ur ing attempted pe netra tio n,
the head rem ains immobi le while the stylet thru sts into the cuticle in a circular
patch wi th dia me ter simila r to that of the nem atode.

No secretio ns , such as oc cu r during penetration of Tripins (Poinar & Doncaster ,
1965), were observed and there is no apparent difference between the oesophageal
glands of pre- an d post-entry nem ato des.

Pe netra tion of th e cu ticle of very small larvae takes from 30 seconds to 6
mi nutes, and entry is co mpleted after a period var ying fro m 4 to 60 minutes .

In most instan ces the head and oesophagous enters rapidly, fo llowed by a
pause of a minute or more during exploratory m ovem en ts in side the ho st and
then the nematode penetrates 20 to 100 f1. at a time fo llowed by pauses of sev era l
seco nds when the infective may ba ck out a little before penetrating further. This
process is repeated until the anterior half of the nematode has entered; then th e
posterior ha lf of the bod y enters more rapidly, the minimum time recorde d being
30 seconds. T he host cu ticle closes behind the in fective after entry and often
sma ll quantiti es of blood exude from the wound for a few seconds aft erwards .
A characteristic melani zed spot de velop s o n the host surface withi n a few hours
of en try or attempted en try (Fig. 3B). The spots which are light orange-b ro w n to

da rk brown in colour, appear to be sit uated in the hypod ermi s, ar e roughly
circular, and vary from 0.05 mm to 0.15 rnm in diameter.
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E ntry occurs anywhere on th e host body when larvae are exposed to nematode
attack under artificial conditions . H owever fro m Pigs . 2A, 2B and 2C, which
are compiled fro m examination of twenty larvae after natu ral attack, it can be seen
that the posit ions of entry are not then distributed at random, there being many
more entries ventrally (448) and laterally (239) than there are do rsally (66). Most
entries are at the edges of segments; also the posterior end of the hos t is preferred .
A probable explanation for this conspicuou s localization of attack is th at other
areas of the larva are continually pressed against the ab rasive tunnel walls as the
larva moves.

Fig . 2. Di agrams of a Sire....... larva showing position of scars after natur al at tack hy infecti ve
Deladenus siricidicola (co mpi led from an exam ination of 20 larvae) ;1\, lateral ; B, ventral ; C, dorsal.

From one to over 100 infective nematodes may ente r a single host bu t th e
number is usually between five and twenty.
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Parasite developlJlc!lt

The rate of infective development after entry is rather variable even within
the same host lar va . No development was observed in infectives 24 hours afte r
entry, but 3 days after penetration at 22°, development in 60 infectives, taken
fro m ten larvae varied from a slight to a threefold increase in breadth; at this
stage the length may be slightly decreased. From 3 to 10 days after entry separation
of the cuticle from un derlying tissue occurs but infectives grow considerably
before the cuticle finally ruptures . It is doubtful whether this is a normal moult
since the stylet is unaffected.

Early development of the infective wa s also observed in hanging drops of
blood from S . nocrilio larvae. Prior to moulting, blood is ingested through the
stylet and passes into a functional gut (contrary to Bedding, 1968, who thought
no functional gut was present). M uch of the earl y swell ing is attributed to a rapid
gro wth of the hypodermal cells. After the "moult" within the host, microvilli
develop on the outside of the nematode (Riding, 1970) allowing absorption
through the genera l bo dy surface and much more rapid growth.

The rap idity of growth of the parasitic nematode and its final size are partially
dependant on the size of ho st and total numbers of nematodes wit hin on e host.

Development of the gonad in para sitic fem ales is of particular interest, for
although the nematode may reach full size (3-25 mm long) within a few weeks
of entering, it s reproductive system remains almos t unchanged in size and deve­
lopment until the beginning of pupation of the host (which may occur up to
2 years after nema to de entry) . Changes that do occur after entry but before host
pupation are a thickening of the ov iduct walls and a slight increase in the number
of oocytes present. Sperma tozoa remain evenly distributed within the oviduct .

j \ t th e commencement of host pupation the nematode reproductive system
is onl y about 1 mm lo ng but (in most stra ins of D. sirieidieola when the ho st is
S. llOetilio) very rap id growth of the ov ary then proceeds so that 5 days after host
pupation at 24 0 it extend s fo r about half the length and after 8 days at 24 0 it is
about three-quartes of the length of the nematode. Coincidentally wi th the
beginning of ovariole development the body of the nematode frequently becomes
distinctly beaded externa lly.

Wi thin 2 or 3 days of host pupation the nematode oviduct becomes club shaped
and spermatozoa are noticeably more numerous anteriorly; after 5 days all the
spermatozoa are located in the spermatheca which lies between oviduct and
ovary and by about the eighth day a few eggs have passed in to the oviduct. The
migration of spermatozoa into the spermatheca and development of the ovary
follows the same pattern as described for CO!ltortof)'lel1ehlls elol1gatlls (Massey) by
Nickle (1966) except that in C. clol1gatlls the whole process occurs simultaneously
with parent growth and within 2 to 3 weeks of nematode entry. In all of the
many pupae of S. noctiiio examined, nematodes from the same host have bee n at a
very simi lar stage of development independent of their size or location within
the host.
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Eggs hatch after 3 to 4 days and during the early stages juveniles are probably
released into the host haemocoel via the vulva. However towards the end of
pupation when the nematode becomes packed with juveniles, the oviduct rup­
tures, juveniles pe ne trate and emerge thro ugh the general body surface and
rapidly migrate fro m the hos t hae rno cocl to it s repro ductive organs.

Effect on [arua! hOJ/

Apart from scarring the lar va (F ig. 313) an d, in heavily parasitized larva e,
reducing fat bo dy, developing parasitic nematodes appear to have littl e effect
on the larval host. Unlike Zondag (1969), the author has obs er ved no instances
of heavy infec tio n cau sing death even w hen more than 100 in fect ives have
invaded very sma ll larvae. However, .I'ire.\· larvae which have died or become
moribund for other reasons are very attracti ve to all stages of D. siricidicola and
many thousands of nematodes may be found on the outside of such larvae
part icularly along the intersegmental membranes . As they are often not apparent
unt il dissection, the nematodes 11uy,1ppear to come from inside the lar va and lead
to the assumption that they caused larv al mo rrality.

bj/ect 011 arlllit bost

a. Fell/ale hosts. The time of release of juvenile nema to des in relation to the
stage of development of the host has an imp ortant influence upon the effect of
parasitism on the ho st. This is dependent 011 both stra in of nematode and species
or stra in of host concerned.

In Australian S. uocrilio, jm·enile nematodes of most st rains begin to enter
th e ovaries we ll before the end of pupati. in causing suppression of ovarian
devel opment and greatl y reducing the number and size of eggs produced (Fig.
4D). All eggs usually contain juven ile nematodes (fro m 50 to 200) (Fig. 4C) .
Many thousands of juveniles are also found free in the ovary and oviducts. Ve ry
rarely eggs not containin g juveniles arc presen t but these are nevertheless sma ll
and ab ortive.

In S. j llvellClls an d S. Cj'C!lJe! /J most juvenile nematodes are not released into the
host haernocoel until just before the ho st emerges from pupation at which stage
the host's ovaries arc fully developed and the eggs fully gro wn ; ju venile nema­
todes enter hos t eggs before the insect emerges from the wood and all eggs are
infected before oviposition. Few juveniles arc present free in the siricid ov iducts
and ovari es.

In S . nitobei parasitized by D . siricirlicola from Japan, ovaries and eggs are fu lly
devel op ed and no eggs contain nematodes; all juvenile nematodes are located
in the ovaries and ovid ucts a riel are transmitted wi th the eggs dur ing ovi position.
D. siricidicola from the same source behave similarly in A ustralian S. floc /ilia
since juveniles are not released from the parent nematode until we ll aft er the host
eme rge s from pupation. In this ins tance a differen ce in the strain of nematode is
respon sible for its differing etFects . However, nematodes fro m Belgian S. uoctilio
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PLATE X L/V

A

Fig . 3. A . Infective female (left) and fre e-livin g mycctophagou s female (r ight) of De/admllJ
siricidico/a X 125. B. Posterior end of a parasitized Sir e."\" noctilio larva showing scarring after
natu ral at tack b y infective D eladernrs siricidico/a X 10. C. Section of wood ncar Sirex oviposit ion

shaft showing eg gs of De/adellllS siricidicola within the tr achci ds X 55,
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PL A T E XLV

Fig . 4. A . O vip osiring S ire....... noctilio x 1. B. Ad ult an d juvenile nematodes fro m a sing lc hos t
X 2.5. C. Sire»: cgg contain ing juvenile nematod es X 130. D . Ovari es fro m unparasit izcd (left)
an d parasitized (r ight) X 3. E. Te ste s from u npa rasirizcd (left) and parasitized (rig ht) S ire....... X 6.
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do not enter the eggs of their natural host but do so w hen parasitizing A ustralian
S. noctilio, ind icat ing that here it is the strain of host which is responsib le for th e
difference.

Some juvenile nematodes are frequently found in the ooidial glands of para­
sit ized Sirex species and in all species fa t body is noticeab ly reduced bu t th is
appear s to have little effect on host lo ngevity.

In .X..spectrro» ovarian development is not noticeably suppressed by parasitism ;
eggs are of norma l size and only 10-3()l% of the eggs contain nematodes. Most
juveni les are found within ovaries and oviducts . Juveniles are fo un d free in the
hae rn ocoel uf the beetle S. barbatas and do not enter th e reproductive organs.

b. i lIalc /.;0.11.1'. In all parasitiz ed ma le hosts, juveniles m ig rate from the hac mocoel
to the testes which become filled with many thousands of juveniles during
pupation. (Fig. 4E) . Co ntrary to Bedding (1967) and Zondag (1969) , males are
no t sterilized. In all of 50 parasitized ma les from each of A us tralian S. noctilio,
Belgian S . uocrilio, and S. j l l li C/lCIIJ the ves icu lae semina les 'were pac ked wi th living
spermatozoa, although no spermat ozoa we re p resen t in the testes. P roduction
of sperm in the testes of the host and its passagc to the vesi culae seminales occurs
within the first few days of pupation before juvenile ne matodes invade the testes.
The testes at this stage are ver y much larger than in the adul t insect and are
usuall y fused . \V'hen filled with ju ven ile nematodes they remain large an d fre ­
quently fused throughout the life of the host (Fig. 4E). Infe cte d males mate
read ily and transmit viable spermatozoa, but no juvenil e nematodes are found
within th e vesiculae sem inales and so cannot be transmitted during copulati on.
E xamination of 30 non-parasitized fema le S .jlll'C//(//J mated with pa rasitized males
showed that no nematodes had been transm itted an d Zondag (1969) found no
nematode transm ission during copulat ion of S. noctilio. E ntry into male insects
is thus a "dead end" for the nem atodes since even if the in sect dies w ith in the
wood, juvenile nematodes die soo n afterwards.

Freq uently ver y small adult nem ato des are found coil ed within the host's
testes . These have almost certainly entered the ho st just be fore or during pupation
and migrated into ' the developing testes soon after entry since larvae removed
from timber and lef t to pupate in tubes away from further nematode infection,
ne ver co nt ain adu lt nematodes wit hin their testes.

R eprodnctiue cap aCilj oj parasitic nematodes

The number of juveniles produced within a single host (Fig. 4B) varies consi­
derably but is not directly proportional to the number of parent ne matode s or
to host size . T he numbers of adult and juvenile nematodes were counted in 50
male S.jIllJeJlcIIJ. The number of adults varied from 1 to 91 but the greatest number
of juvenile nematodes, 51,510, wa s fo und in a medium-sized host with only nine
parent nematodes. T he averag e number of juveniles per single paren t nematode
was 750, but where ten or less parents occurred in one host the average w as about
2,000 compared wi th about 500 w here there were more than te n parents per host .
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DISC USSION

The in terrelationships between nematod es and insects are many an d vari ed,
ran ging fro m facultative commensalism through phor esy and gut parasiti sm
to obli gate haem ocoelic parasitism. Species of D eladeuns exhibit one of the m ost
ext raordinary and inte resting types of entohelminthological association s known
but may well be typical of several o ther Ne ot ylenchid genera whose biolog ies
are presently undescribed.

D. siricidicoln can be considered as essent ially parasitic but able to breed up in
large numbers in the environment of th e host thus facilitating infection of fur ther
hosts, or it can be regarded as primarily a fungal feeding nematode which is
transported by an in sect to a fresh environment having the added adva ntage that
it also mul tiplies within the insect. The two cycles arc bound together by the
complete specificity of the mycetophagou s nematode to the symbiotic fungus
(A. areo/atllm) of its host (Beddi ng , unpublished).

Since either cycle can continue indefini tely witho ut interventi on of the other
it is po ssible that on e of them could become comp letel y suppressed leaving either
a wholly N eotylenchid-like or a wholly Sphaerulariid-like nematod e. (In fact,
continual subculturing of the mycetophagou s phase of D. siricidicola over several
years has led in one strain to the cessation of p rodu ction of infective fo rms in
normal cul tures). Thus D e/adelllls may represent a link between the N eotylenchidae
and the Sphaerulariidae although it is possible that most N eotylenchid nematodes
have their parasitic counterpart s. Ruhm (persona l comm unication) has bio logical
evidence that SticO'lils (Neotylenchidae) and SpiJaem/ariopsis (Sphaerul ariidae)
are different forms of the same animal and Bedd ing (unpu blished) has found
a new genus of Neotylench id with a type of life history similar to that of D e/a­
denns. Many other Neotylenchid species are foun d in association wi th in sects in
their frass or galls, and it seem s likely that at least some of these have sphaeru­
lariid forms para sitic in insects.

The short life cycles or unfavourable or transient environments of most insects
tend to preclude parasitism by nematodes having a bicyclic life history, but such
a life his tor y is idea lly adapted to the biology of Sire." wh ich takes a year or more
to complete its development, and lives in an atmospher ic humidity of 100%. In a
year, 10 to 20 mycetophagous generations can occur to greatly increase the number
of nematodes; the tree can dry out adequately, and the lamellae of the bo rdered
pi ts can be broken down by the fung us thus permitting the nematodes to migrate
to all parts of the tree, and making possible the ve ry high levels of parasitism
experienced.

Only because many Sirex (some of which may be un parasitizcd) usually
oviposit on the same tr ee has the evolution of nemato de parasites that enter all
the hosts eggs been possible. Perhaps those strains of D. siricidicola (and other
species of D e/adell/Is) that do no t enter the eggs have evolved in hosts tha t are
normally more isolated.

The existence of fema le dimorphism (Bedding , 1968) correlated with the two
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life cycles constitutes major adaptations of mo rphology to function. The most
obv ious of these adaptations is the dimorphism of stylets ; the sma ll hyperdermic­
like stylets of the mycetophagous female, juveniles and males being suited to
withdrawing fluid from delicate fungal hyphae and the much larger and more
ro bust spear-like stylet of the infective female to penetrating the relatively tough
cuticle of Sirex larvae.

D e/adell/Is species appear to be uniqu e in the animal kingdom in having dimor­
ph ic spermatozoa. P resumably the large amo eboid spermatozoa are more
pri mitive, but perfectly adequate for the freel iving mycetophago us form, which,
altho ug h only able to retain 200 to 500 amoeboid sperma tozoa, can have these
repeated ly replenished. O n the other hand, the infective female must contain,
prior to entering a host, enough spermatozoa to fert ilize the much larger number
of eggs she will produce and this has been achieved by red ucing the spermatozoa
to little more than the nucleus. Anothe r unusual featu re of the sperma toz oa of
D. siricidicola is its longevity; since ovarian dev elopment may be pos tpo ned for
up to 2 years, spermatozoa must be maintained alive within the parasitic female
for this lengt h of time.

It is noteworthy that the reproductive system of parasitic females remains
completely undeveloped and relatively unchanged until pupatio n of the
host, even when the nema tode has attained its full size many months previously,
although this is obv iously necessary to ensure synchrony with the host life cycle.
Presumably horm on al changes or changes in haemolymph composi tion are
respo nsib le for initiating ovarian dev elopment. Variation in the effect of para­
sitism on th e reproductive system of the fema le host has been sho wn to be cor­
related with the time at which parent nematodes commence repro duction. The
suppression of ovarian and egg development which occurs when juveniles are
released early in pupation may be due to greatl y increased nutrit io nal demands
of reproducing adu lt nematodes or to the activities of the juveni les the mselves
or to a combination of the two.

Apart fro m being of g reat acade mic in terest, the biology of D. siricidico!a
readily lends itself to manipulation for the biological control of Sirex (Bedding &
Akhurst, unpublished). T he mycetophagou s cycle has been uti lized for mass
rearing this nematode and main taining strains fro m many countries and already
hundreds of millions of nematodes hav e been reared and distributed thro ug ho ut
many of the Sirex infested fores ts of Australia wi th encouraging early result s.

The following kindly helped with provision of material for this study : Mr. F.
\,\1ilson, D r. J. P. Spradbery, :i\ifr. A. J\ . Kirk, .Mr. K. L. Taylo r and .Mr. R .
Zondag. I th ank .Mr. L. T . Woo lcock and Mr. A. D . J ohnston who took most
of the photographs and I am grateful to Mr. K . L. Taylor andi\Ir. R. J. Akhurst
for their constructive criticisms of the manu script.
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D ie B iologic 1'011 Dcladcnu s sirici d icola (N co/)'lcllclJidac), cinc.» m/o///Opbag-//I)'celojJbagl'll , ill lIolZ­
trespcu (Sir icidae) parasiriereudcu Ncu/atoden

Deladl'llllJ siricidicol« besitzt zwci vcrs ch icdcnc Lcbcnszyk lcn , von dcncn sich jeder ohnc
E ins ch altu n g cles an dercn unbcgren zt fo rts ctzcn kann . E in Zyklus ist Frcilcbcnd unci enrh.llt
cin e neotylen ch icle \Xf cib chenfor1l1, di e sich von d en sy m b ion t isch en P ilzcn de r Sirex- \Vespen
cr nahrt un ci E icr leg t . D el' an dcr Zyklus ist p ar asitisch und cntha lt sphaeru lariidc \Veibchen,
di e als P ar asit cn im Haem oc oel von vier Sirex-Arten, cin cr wc itc rcn Si ricidc und cines holz­
bo hrenden K afcrs leben u nd sich ovoviv ipa r vc rrn ch rcn . Freilcb cn dc u nd parasitischc Weib­
ch enfo rm sin d m it dcm Auftreten von :l\fakro- bzw . ;\ [ikrospenn atozoen vcrbun dcn , Larven
konncn je n ach den Umwcltbcd ingun gcn zu Adulten des ein en oder cles andcrcn Zyklus
wo rden . Genaucrc Bcobachtun gen des frcilcbcn de n Z yk lu s w u rdcn in Plattcnkulturcn unci
im H ol z durch gefuh rr. E ingeschlossen warcn au ch E inz elheiten von Art unci art des E in­
d r ingens del' in fcktionsfuh igcn parasirischc n \Veibchen in d ie Sire.,·-Larven . A u Ger dem w u rdc
die E ntwic klung del' parasitischcn \Veibch en u n ter bcsoud ercr Bcrucks ich t igu n g del' Gonaden­
cn twicklun g untcrsu cht. Es konnte gezeigt word en, daG d el' Zeitpunkt , an dcm die Ver­
rneh ru ng del' parasitaren F orm im Vcrb.i ltnis zur En twicklun g des \Virts beginnt, jc nach
\Vi rt sart und N crna to dcnsta m m vc rschi edc n ist. Von d icscrn Faktor h iingt del' Grad de s E in­
Ilu sscs dcr Parasi tcn au f die FortpfJan zun gso rga ne d es \Vi rtsweibchens ab.
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