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SUIIlmary - An adhesive hyphae forming isolate of Archrobollys otzgospora clearly responded to the condition of its food source, i.e.
living, inactivated or dead second-stage juveniles 02) of the root-knot nematode Meloidagyne hapta. Second-stage juveniles 02)
immobilized by heating and only able to move the anterior region or the stylet, were surrounded by ring structures similar to hilly
mobile juveniles. However, ring Structures were principally developed around the moving head. The fungus penetrated dead, but
intact J2 (obtained after treatment with gamma-irradiation or sodium azide), through its buccal cavity with a corkscrew-like
structure. DeadJ2 with a broken cuticle were totally overgrown by the fungus with thin vegetative hyphae. Evidently, the isolate of A.
otigospora switched between nurritional modes while exploiting different food sources. The saprophytic and predacious ability
appeared not to be mutually exclusive. Addition of dead juveniles to a fungal colony prior to live juveniles did not affect attachment
or the development of trophic hyphae through the latter. But one day after addition of the living juveniles, the proportion of live
juveniles with ring structures raised in comparison with all juveniles added at the same time. The development of trophic hyphae in
killed J2 was delayed in the presence of live J2. The results refute the commonly held assumption that poor conditions for
saprophytic growth are a prerequisite for a predacious mode of feeding.

Resume - Capacii.es saprophytique et predatrice chez Arthrobotrys oligospora vis-a-vis de juveniles de Meloidogyne
morts ou vivants - Un isolar d'Arlhrobol1Ys otigospora formant des hyphes adhesifs reagit nettemenr a I'etat de sa source de
nourriture, en ce cas des juveniles de deuxieme stade 02) de J'v[etoidogyne hapta, vivants, inactives ou morts. Les J2 rendus irnmobiles
par chauffage et uniquemenr capables de mouvoir leur stylet sont entoW"es par des structures annulaires identiques acelles produites
dans le cas de J2 parfaitement mobiles; cependant ces structures sont surtout pn~sentes autour de la region cephalique, demeuree
seule mobile. Le champignon penetre dans lesJ2 morts mais restes intacts - obtenus apres traitement aux rayons gamma ou al'azide
de sodium - atravers la cavite buccale aI'aide de structures en tire-bouchons. Les J2 morts ayant une cuticule alteree sont totalement
recouverts par de fins hyphes vegetatifs. A l'evidence, l'isolat de A. otigospora passe de I'un aI'autre type de prise de nourriture
suivant la source de cette derniere. Les modes saprophytique et predateur n'apparaissent pas s'exclure l'un l'autre. Le fait de placer
des J2 morts au contact d'une colonie fongique avant d'y placer des J2 vivants n'affecte pas la formation et I'attache des hyphes
trophiques sW" ces derniers; mais un jour apres I'addition des J2 vivants, la proportion de ces juveniles pourvus de structures
annulaires augmente par rapport au nombre total de juveniles lorsque places au meme moment. Le developpement des hyphes
trophiques chez les J2 morts est retarde en presence de J2 vivants. Ces resultats contredisent I'affirmation courante suivant laquelle
de mauvaises conditions de croissance saprophytique constituent un preliminaire oblige pour un mode de nutrition predatrice.

Key-words: Arlhrobocrys, Metoidogyne, adhesive hyphae, morphogenesis, saprophytic predacious, nutritional modes.

Many fungi show a degree of flexibility in nutritional
modes throughout their life-cycle (Lewis, 1972; Lut
trell, 1974; Cooke & Whipps, 1980; Cooke & Whipps,
1987). Nematode-capturing fungi are also able to
switch from one nutritional mode to another. Knowl
edge about the nutrition of facultative nematophagous
fungi, however, is fragmentary (Blackburn & Hayes,
1966; Hayes & Blackburn, 1966; James & Nowakowski,
1968; Nordbring-Hertz, 1968). Nevertheless, nemato
phagous fungi may capture bacteria, Tardigrada, amoe
ba and other living soil organisms as well as digest
dead nematodes and bacteria (Nordbring-Hertz
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& Stiilhammar-Carlemalm, 1978; Fermor & Wood,
1981) .

Both the ability to grow saprophytically and their pre
dacious habit are prerequisites for those nematophagous
fungi that capture nematodes with structures developed
along the vegetative hyphae. Hence the effect of fungi
on nematodes does not depend solely on predation, but
also on the ability of the fungus to grow and compete
saprophytically (Pramer, 1964). However, the signifi
cance of nutritional versatility of nematophagous fungi
in relation to their use in biological control is difficult to
assess.
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Anhrobotrys oligospora has been found in a broad
range of niches (Gray, 1983; Dackman et al., 1987;
Fritsch & Lysek, 1989). Comparison of isolates of A.
oligospom. with respect to radial growth in vitro, forma
tion of ring structures, attraction of nematodes and the
capture of MelOldogyne hapla on agar medium or in
sterile soil, showed intraspecific variability Qansson &
Nordbring-Hertz, 1979; den Belder, unpubl.). Hence,
individual isolates may have different saprophytic and
predacious properties.

The ability of a fungus to form traps may reflect its
evolutionary adaptation to nutritional stress imposed by
competition with other soil micro-organisms for energy
sources (Cooke, 1963 a, b). He also suggested that the
evolution of predacious efficiency or the ability to re
duce soil populations of nematodes has been generally
accompanied by a loss of characteristics associated with
an efficient saprophytic existence in the soil such as
rapid vegetative growth and good competitive sapro
phytic ability.

The present study was initiated to obtain a bener
understanding of the relative predacious and saprophyt
ic abilities of A. oligospom.. This isolate may be consid
ered as an effective predator because it captures nema
todes by its morphologically undifferentiated vegetative
hyphae, at low temperatures and under poor nutritional
conditions (den Belder & Jansen, 1994).

On the basis of comments and conclusions by various
authors (Cooke, 1963 b; Jansson & Nordbring-Hertz,
1979; Jansson, 1982; Jaffee & Zehr, 1985) it was antici
pated that the ability of this isolate to use non-living
material to be limited due to an inverse relation betvveen
saprophytic and predacious abilities.

Factors affecting or regulating switches from the sap
rophytic to the predacious feeding mode are largely un
known Qaffee & Zehr, 1985; Quinn, 1987). Also in
other well-studied nematophagous fungi such as the egg
parasites Paecilomyces lilacinus and Verticillium chlamy
dosporium or in entomophagous fungi linle is known of
the switches which are responsible for changes in the
trophic state (Tatala) 1986; De Ley, 1992).

Adhesive network forming fungi such as A. oligospora
are considered as facultative predators not capturing
prey under nutrient rich conditions (Cooke, 1963 a, b).
Consequently it was postulated that anachment of live
Meloidogyne spp. to Anhrobotrys oligospom and subse
quent formation of ring structures around, and trophic
hyphae through the nematode body, should be sup
pressed in the presence of added dead juveniles.

Materials and methods

ORGAJ.'JISMS

Arthrobolrys oligospora (CBS 289.82) was cultured on
corn meal agar (Oxoid, CMA 1: 1,1.5 %) in Petri-dishes
(diam. 88 mm) at 25 ± 1 QC with monthly transfers to
fresh medium. Individual 4-mm plugs cut from the pe-
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riphery of the actively growing stock colony were placed
upside down in small Petri-dishes (Lux, diameter
44 mm) on CMA 1: 10. The Peu-i-dishes used in the
experiments had an oval hole in the bonom lid (length
35 mm, width 18 mm) covered by a coverglass glued to
the lid, thus facilitating microscopic observations with
an inverted microscope. Fungus cultures (28 day-old)
on corn meal agar 1: 10, were inoculated with freshly
extracted J2 of M. hapla.

A1eloidogyne hapla was reared on tomato plants (Lyco
persicon esculentum Mill. cv. Moneymaker). Second
stage juveniles were harvested and surface sterilized as
described by den Belder and Jansen (1994).

RESPONSE OF THE MYCELIUM OF A. OUGOSPORA

TO VITALITY OF M. HAPLA

Experiment 1

The response of the fungus was studied after addition
of different substrates : J2 of M. hapla living or either
partly immobilized, either dead with either an intact or
damaged cuticle. The different qualities of J2 were ob
tained by applying them a variety of physical stresses.
The following treatments were included:

1) Axenic, healthy 2 day-old J2, actively moving (con
trol).

2) Axenic J2 suspended in sterile water and incubated
for 24 h at 35 QC, slightly moving the anterior region
of the body or the stylet but lacking clear rhythmic
muscular movements along the body.

3) SON treatment: axenicJ2 suspended in sterile water
and sonicated in ± 60-second bursts with a Branson
Sonic Power sonicator until all juveniles appeared to
be broken when examined through a light microscope
(40 bursts, 60 Wan).

4) SDS- treatment: axenic J2 heated in 5 ml sodium
dodecyl sulphate-containing 0.1 M tris-HCI buffer at
100 DC in a water bath for 2 min (STP buffer; Redi
garri et al., 1986); they appeared to be broken when
examined through a light microscope.

5) SDS+ treatment: following the SDS-treatment, J2
were washed in sterile water three times in a cen
trifuge (5000 rpm, 10 min); appearing broken when
subsequently observed through a light microscope.

6) SON/SDS- treatment: axenic J2 were suspended in
buffer (0.05 M tris-HCL containing 1 mM phenyl
methylsufonyl fluoride, Ph =7) and sonicated in 60
second bursts with a Branson Sonic Power sonicator
until J2 appeared to be broken when examined with a
light microscope. The nematode suspension was cen
trifuged for 10 min at 2000 rpm and washed in the tris
buffer before being treated with the SDS containing
buffer at 100 DC in a water bath for 2 min.

7) SON/SDS+ treatment: After the SON/SDS-treat
ment the J2 were washed in sterile water in a cen-
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trifuge (5000 rpm, la min) to remove residual de
tergent.

8) 100 QC heating: axenic J2 were heated at 100 QC in a
water bath for 2 min; the J2 appeared broken when
observed with a light microscope.

9) NaN3 treatment: axenicJ2 were killed by suspension
in sodium azide (0.1 M NaN3) for 24 h and were
washed subsequently in sterile water in a centrifuge
(5000 rpm, la min). Sodiumazide inhibits the respi
ration process (Schlegel, 1986). The juveniles ap
peared intact when observed through the light micro
scope.

Expen'menl 2

Also the response of the fungus was studied, after
addition of axenic irradiated J2 of M. hapla. They have
been exposed to gamma irradiation from a cobalt-60
source (at the Pilot plant for Food Irradiation, Wagen
ingen) in a small amount of sterile water in a Greiner.
The doses, ranging from 0.50 to 100 kGy, were realized
by varying distance from the source and exposure time.

This range was chosen using results on irradiation of
other species: about I kGy was needed to immobilize
Ditylenchus dipsaci (Green & Webster, 1965), 7 and
13 kGy was needed to kill juveniles of Tn'chinella sp1.·ralis
and Panagrellus sp. respectively (Myers & Dropkin,
1959; Myers, 1960) and about 10 kGy was needed to
break the juveniles of Ditylenchus dipsaci (Green & Web
ster, 1965).

In preliminary studies no differences were found in
the reaction of 28 day-old fungal colonies to J2 irradiat
ed with doses from 0.50, 1.00, 1.50 and 1.75 kGy, in
comparison to untreated juveniles. In a second series,
juveniles exposed to 2, 4, 20 and 100 kGy were added to
28 day-old fungal colonies.

In Experiment 1 and 2 about 100 J2 were added to
28-day old fungal colonies (volume 80-100 f.ll). Each
treatment was repeated three times and as a control
axenic J2 were a"dded to the fungal colonies.

Fungal activity was observed at regular time intervals
with a light microscope (Zeiss Axiovert 10) and a dis
tinction was made between: J2 captured by adhesive
hyphae and surrounded by ring structures, J2 infected
via the body orifices andJ2 surrounded by a loose mesh.

RESPONSE OF THE MYCELIUM OF A. OUGOSPORA

TO SIN\Ul..TANEOUS ADDITION OF UVElDEAD

NEMATODES

In order to analyze the effects of the presence of dead
nematodes on the capture and infection of live nema
todes, gamma-ray killed J2 were added together with or
14 days before the live J2.

Aliquots counting 50 or 500 gamma-ray killed J2
(10 kGy) were pipetted over a 1 cm 2 area left and righ t
from the centre of the Petri-dish. In each test, a drop
adjusted to contain about 50 living nematodes was add-
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ed to the fungal cultures. Assays usually consisted of
three replicate plates and the experiment was repeated
twice.

In aU experiments, the response of the fungus was
observed at regular time intervals with a light micro
scope. A distinction was made between: juveniles sur
rounded by ring structures, J2 infected via the body
orifices and J2 surrounded by a loose mesh (and in the
live nematodes attachment to hyphae was included).

Development of trophic hyphae was quantified by
counting the number of J2 containing trophic hyphae.

Also the relative length of every nematode body con
taining trophic hyphae was determined at intervals (days
1, 2, 3, 6, 10, 14, 17, 22, 29). Five classes were dis
tinguished: 0, 25, 50, 75 and 100 % body length ftlled
with hyphae. T so and T 9s (days after addition when 50
and 95 % of the nematode body length was filled with
trophic hyphae) were estimated and subsequently ana
lyzed by analysis of variance followed by Student's Hest
for pairwice comparison of treatments (a = 0.05; den
Belder & Jansen, 1994).

LIGHT AND FLUORESENCE MICROSCOPY

Observations were made using a Zeiss Axiovert 10
light microscope (objective, plan-neofluar 20 x long dis
tance) and differential interlerence contrast (DIC).
Images were documented using Kodak Ektachrome
160. In several cases a fluorescent mycology stain was
used (Fungi-Fluor, Polysciences, Inc., Warrington) to
visualize trophic hyphae and observations were made
using the same microscope with fluorescence illumi
nation (filter block 2 Fl, 365-440 nm).

LOW-TEMPERATURE SCANNING ELECTRON MICROS

COPY

For detailed observations of fungal structures, cryo
SEM was employed. Specimens were mounted on cus
tom designed copper stubs and immediately frozen by
immersion in a nitrogen slush (60 K) in the EMSCOPE
SP2000 Cryogenic-Preparation System, etched by con
ductive heating and subsequently sputtered with gold
for 2 min. (den Belder et al., 1993). The frozen speci
mens were transferred to the scanning electron micro
scope Geol JSM 35C) which had been modified with a
cryo-stage to maintain specimens at a temperature of
110 K.

Results

RESPONSE OF THE MYCELru,'v\ OF A. OUGOSPORA

TO VITALITY OF lvI. HAPLA

Expen'ment 1

Significant differences were observed in the reaction
of the fungus to axenic juveniles and juveniles killed by
sonification, heating or a respiration inhibitor (Table 1).
Juveniles immobilized after 24 h at 35 QC except for
slight head and stylet movements stiU induced nng
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Table 1. Effects of physio-chemical IrealmenlS of second-slage juveniles of Meloidogyne hapia on lhe response of lhe mycelium of
Arthrobotrys oligospora (cas 289.82).

Treatment of Days- No reaction Vegetative Corkscrew- Ring
nematodes after of the hyphae" like struetures*

addition fungus8 structures"

None Active juveniles 1 90
7 100

35 cC heating Partly paralysed 1 90
juveniles with intact cuticle 7 100

SON8* Broken juveniles 1 25
7 100

SDS-*8* Broken juveniles 1 100
with SDS-residues 7 100

21 lOO
SDS+ Broken juveniles 1 40

7 100
SON/SDS- Broken juveniles 1 lOO

with SDS residues 7 lOO
21 100

SON/SDS + Broken juveniles 1 40
7 100

100cC heating Broken juveniles 1 25
7 100

NaN3 Dead juveniles with 1 80
intact cuticle 7 100

% of juveniles
'.' SON = sonification
,,,'* SOS =sodium dodecyl sulphate

structures. None of the dead J2 stimulated the devel
opment of ring structures. In treatments where SDS was
not removed from the J2 (SDS- and SON/SDS-) the
fungus did not respond to the presence of juveniles (Fig.
lA). In those treatments where J2 were broken due to
sonification or heating (SON, SDS +, SON/SDS + and
100 DC heating), the J2 were surrounded by many vege
tative hyphae resulting in a mesh totally overgrowing the
J2 (Fig. 1B, 2A).

In treatments where the J2 were dead but not broken
(NaN3) the fungus responded by forming a corkscrew
like structure penetrating the buccal cavity (or in some
cases the anus) of the nematode (Fig. 1C). The hypha
forming this spiral structure tended to be of the same
diameter as the vegetative hyphae (Fig. 2B). Subse
quently trophic hyphae developed throughout the ne
matode body (Fig. 2C). In some cases vegetative hy
phae grew closely alongside the nematode body but
never as many as III the SON, SDS + or the SONI
SDS + treatments.

Experiment 2

Irradiated juveniles (0.5 to 1.75 kGy) or untreated
juveniles did not differ as inducers of capture and ring
structure development in A. oligospora (CBS 289.82)
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when added immediately after the irradiation of the ju
veniles. However, increased radiation doses applied to
juveniles (2 kGy and higher) resulted in significant dif
ferences in the reaction of the fungus. The fungus react
ed positively by forming a corkscrew-like structure, ap
proaching the buccal cavity of the nematode similarly as
in the case juveniles killed with NaN3 (Fig.2B). At
2 kGy, also ring structures were induced around all
moving J2 (60 %) (Table 2). Irrespective of the forma
tion of these ring structures, also 70 % of all J2 were
approached by corkscrew-like structures. Both types of
responses occurred finally on 30 % of the J2 (Fig. 2D).
At 4,20 and 100 kGy ring structures were not formed at
all, neither at the start of the experiment nor after diges
tion of the nematode body. The J2 were invaded only
after the formation of the corkscrew-like structures near
the buccal cavity and in some cases the anus (Table 2).

Development of trophic hyphae through the nema
tode body occurred both following either development
of ring structures or development of corkscrew-like
structures.

Sixteen days following addition trophic hyphae were
developed in all J2 radiated with 2 to 20 kGy gamma
irradiation. However in 20 % of the nematodes irradiat
ed with 100 kGy no development of trophic hyphae
occurred.
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Discussion

It is clear from this study that the condition of the
nematode, in this case living, inactivated or dead ]2 of

Table 2. Effects ofgamma irradiation of second-swge juveniles of
Meioidogyne hapla on the response of the mycelium of Arthro
borrys oligospora (CBS 289.82).

o
o
o
o

30
70
60

100
60

100
70
95

Nematodes
approached by a
corkscrew-like
structure (%)

60
100
60

100
60
60
o
o
o
o
o
o

Nematodes
surrounded by

ring structures (%)

I
10
1

10
I

10
I

10
I

10
1

10

Days
after

addition

20

o

1.75

100

Dose of
gamma-imIdiation

(kGy)

RESPONSE OF THE MYCELIUM OF A. OUGOSPORA TO

SIMULTANEOUS ADDITION OF LIVE/DEi\D NEMATODES

At the first observation, one day after addition of liv
ing nematodes, all juveniles of M. hapla were captured
by the hyphae of the 28 day-old fungal cultures irrespec
tive of addition of 50 or 500 irradiated]2 or the timing of
the addition of the Iive]2 (Table 3). The presence oflive
nematodes did not affect the proportion of dead nema
todes invaded through a corkscrew-like structure. The
proportion of the irradiated juveniles with a corkscrew
like structure in front of the buccal cavity increased from
60 % after one day to 90 % two days after addition of
nematodes.

Subsequent development of ring structures around
the ]2 differed significantly between treatments: addi
tion of dead]2 prior to live ]2, stimulated the ring struc
ture development around the latter. One day after addi
tion of the live nematodes (no dead nematodes were
added) about 15 % more ]2 were surrounded by ring
structures than when dead nematodes were added two
weeks earlier (P < 0.0001).

Development of trophic hyphae in those]2 that were
added alive was not significantly influenced by the pres
ence of dead]2 neither when 50 nor when 500 juveniles
were added (Table 4). However, development of troph
ic hyphae through irradiated nematodes was significant
ly slower if live ]2 were added at the same time. This
resulted in significantly more days needed to reach 50 %
or 95 % nematode body length mled with trophic hy
phae.

l
Fig. 1. Arthrobolrys oligospora (CHS 289.82) DJI Jljferelllly
treated second-stage juveniles of Me1oidogyne hapla. A : After
SDS- or SON/SDS- lrealment of juveniles the fungus did nOl
respond to the presence of juveniles; B: Afler sonicalion of juve
niles, the fungus formed a meshwork ofvegewlive hyphae (VH); C :
Afler NaN] lrealment of juveniles (in which the nemalodes were
dead bUl nOl broken) the fungus responded by forming a corkscrew
like structure (CS) approaching the buccal cavity (or in some cases
the anus). Subsequently lrophic hyphae (TH) were formed. (Bar =
30 fLm.).
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Fig. 2. A: Arthrobotrys oligospora on broken, sonicaled second-stage juveniles of Meloidogyne hapla, six days after addiLion of
second-stage juveniles to thefungal colony; B : CorksCTew-like Slnlcture (CS) ofArthrobotrys oJigospora approaching the buccal cavity ofa
second-stage juvenile ofMeloidogyne hapla; C: Trophic hyphae (TH) ofArthrobotrys oligospora in a second-stage larva ofMeloidogyne
hapJa killed by gamma-irradiation (CS =corkscrew-like structure); D : simultaneous development ofa ring Slnlcture (RS) and a corkscrew
like Slntelure (CS) in a gamma-ray irradiated second-stage juvenile ofMeloidogyne hapla (dose 2 kGy). (Bar equivalents: A = 100 j..lm;
B, D = 10 j..lm; C = 5 j..lm,)

Table 3. Response of Arthrobotrys oligospora (CBS 289.82) on living second-stage juveniles of Meloidogyne hapla when gamma-ray
killed juveniles were added before or at the same time to four weeks old fungal colonies.

Addition
of nematodes

At day I

odead + 50 living
50 dead + 50 living
50 dead + 0 living

500 dead + 50 living
500 dead + 0 living

odead + 0 living

At day 14

+ 0 living
+ 0 living
+ 50 living
+ 0 living
+ 50 living
+ 50 living

Results

% living % living nematodes surrounded % dead nematodes with
nematodes by ringstructures corkscrew-like structure

captured by
hyphae One day Two days One day Two days

One day after addi tion after addition after addition after addition
after addition

lOO 73.1 ± 11.2ab 98.0 ± 1.4 a
lOO 72.2 ± 13.4 ab 98.0 ± 1.2 a 60.1 ± 12.3 a 94.1 ± 1.2 a
lOO 88 ± 2.3 b 99.1±0.6a 60.7 ± 3.8 a 90.6 ± 2.3 a
lOO 64.2 ± 2.5 a lOO ±O.O a 58.7 ± 2,7 a 88.0 ± 2.0 a
lOO 92.3 ± 0.8 b 100 ±O.O a 59.3 ± 3.8 a 87.6 ± 5.2 a
lOO 75.2 ± 1.9 a lOO ±O.O a

Different letters indicate significant differences between the means in the column (Student's t-test, p > 0,05),
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Table 4. Developmenl of lrophic hyphae ofArthrobotrys oligospora in second sLagejuveniles expressed in days afLer addilion when 50 %
and 95 % of the nemalOde body was filled wilh lrophic hyphae (T50 and T 9/

Results

Addition of nematodes

At day 1

odead + 50 living
50 dead + 50 living
50 dead + 0 living

500 dead + 50 living
500 dead + 0 living

odead + 0 living

At day 14

+ 0 living
+ 0 living
+ 50 living
+ 0 living
+ 50 living
+ 50 living

Living nematodes

10.7 ± 0.9 a
11.3 ± 0.3 a
11.6 ± 0.7 a
12.7 ± 0.6 a
12.5±0.la
11.0 ± 0.4 a

Dead nematodes

15.4 ± 1.3 a
9.1 ± 0.6 b

13.7 ± 0.3 a
9.1±0.2b

Living nematodes

20.4 ± 1.6 a
23.0 ± 0.6 a
19.9±1.8a
25.2 ± 2.0 a
23.4 ± 0.3 a
20.0 ± 0.4 a

Dead nematodes

30.6 ± 6.9 a
19.7±I.4b
26.5 ± 0.6 a
17.8±1.7b

Different letter indicate significant differences between the means in the columns (Student's t-test, p > 0.05).

M. hapla is of decisive importance for the response of
the mycelium of A. oligospora (CBS 289.82).

Live J2, only able to move the head or the stylet, are
principally surrounded by ring structures around the
head. Similarly in juveniles attached to adhesive hyphae,
ring structures developed in 50 % at the initial attach
ment site but at the sites the nematodes were vigorously
moving (den Belder, unpubl.). Signals triggering ring
structure formation include direct contact of the living
nematode with the hyphae (Nordbring-Hertz, 1987). A
positive correlation between nematode motility and the
ability to induce traps in A. oligospora (ATCC 24927)
was found by Jansson and Nordbring-Hertz (1980). Ini
tiation of ring formation could be the consequence of
changes in membrane potential following nematode
movement (Nordbring-Hertz, 1977).

Besides physical stimuli, the importance of specific
chemical cues in the formation of fungal structures have
been illustrated (Charnley, 1989). The lack of a res
ponse to nematodes might have been due to the fact the
nematode was unrecognizable in the presence of sodium
dodecyl sulphate. On the other hand the fungus might
have avoided contact with this aggressive detergent. It
conftrms that morphogenesis in fungi seems to be easily
affected by inhibitory concentrations of various chemi
cals and volatiles (Nordbring-Hertz, 1987).

Dead nematodes with an intact cuticle, were invaded
by the fungus after development of a corkscrew-like
structure. In contrast, the fungus reacted to nematodes
with a broken cuticle by totally overgrowing them with
thin vegetative hyphae along the nematode cadaver
which was colonized. Growth of vegetative hyphae into
intact nematodes as described by Nordbring-Hertz
(1968), was never observed.

Recognition of the status of the prey elicits a defined
functional and morphological response. When juveniles
were irradiated with a non-lethal dose of gamma irradia
tion, in 30 % of the nematodes a ring structure and a
corkscrew-like structure developed. This phenomenon
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might be explained by the fact that during the course of
the experiment the nematode died. Stimuli initiallY
given by the living juvenile might have been absent final
ly. Whether the fungus responds to chemical or to phys
ical stimuli that might very well differ according to via
bility of the nematode in a way comparable to that of
spores of plant-pathogenic fungi to plants (Wynn, 1976;
Hoch et al., 1987; Bourett & Howard, 1990), warrants
further research.

The lack of response to nematode treated with very
high doses gamma irradiation (100 kGy) clearly illus
trates the role of chemical stimuli.

Nematodes filled with trophic hyphae of A. oligospora
(ATCC 24927) as observed in Panagrellus redivivus
24 h after attachment to ring structures (Nordbring
Hertz et al., 1986) or complete consumption of juveniles
of Neoapleclana or Heterorhabditis after three days, coni
dia emerging from the cadavers were never observed in
M. hapla (Poinar & Jansson, 1986). Our results showed
that the fungus needed ten days to occupy 50 % of the
nematode body length.

When living and dead J2 were added together to the
fungal colony attachment to the live J2 was not dimin
ished, presenting evidence that the presence of food in
the form of dead J2 did not affect attachment. This
conftrms former results where nutritional conditions
ranging from simple to more complex, did not influence
nematode attachment (den Belder & Jansen, 1994).

An increased proportion of nematodes with ring
structures one day after addition of the live nematodes
indicates that the fungus apparendy uses the nutrient
supply from the dead J2 in the development of ring
structures or is triggereclJstimulated by the dead nema
todes, to produce such structures. This refutes the hy
pothesis that capture structure development would be
increased at low nutrient concentrations (Cooke,
1963 a, b). On the contrary, the fungus appeared to be
more capable of forming ring structures. This agrees
with the finding that the development of ring structures
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occurred sooner on corn meal agar than on water agar
(den Belder & Jansen, 1994) and also with the observa
tion that an increase in nutrient level of the medium
resulted in an increase in coiling frequency of A. oli
gospora (ATCC 24927) around Rhizoctonia solani
(Persson & Baath, 1992).

A delay in ring structure development on water agar
in comparison with other media (den Belder & Jansen,
1994) might be compensated by the presence of dead
nematodes.

The presence of living J2 did not affect the proportion
of dead J2 infected through a corkscrew-like structure by
A. oligospora (CBS 289.82). However, trophic hyphae
grew more slowly through dead J2 when live ones were
present than when dead J2 were added alone. Our re
sults do not only show that this fungus is able to feed on
live and dead nematodes simultaneously, but also that
development of trophic hyphae through living J2 oc
curred sooner than through dead J2. Living nematodes
not only form an alternative nutrient source (Blackburn
& Hayes, 1966) but they are digested more rapidly by
the fungus. This isolate of A. oligospora shows, through
the adaptation of vegetative hyphae, a placticity to ex
ploit different nutrient sources: the same mycelium can
adapt in such a way that living nematodes are attached
and subsequently surrounded by ring structures or dead
material is penetrated through the formation of a cork
screw-like structure or covered by mycelium so that the
nutrients will be used. This isolate of A. oligospora does
produce different vegetative structures in response to
changing conditions encountered by a dynamic myceli
um growing under heterogeneous conditions. Thus dif
ferent parts of the colony may fulfil different functions.
There is no evidence in this isolate for a limited sapro
phytic ability.
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