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In Canada,
nematophagous
fungi have been re?
corded from soil, plant material and dung from On?
tario (Barron, 1977) and Quebec (Estey and Olthof,
1965), but no records of these fungi from Nova Scotia
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have been published. The purpose of this paper was
to record the nematophagous
fungi in cattle manure

New geographic distributions are reported
for 18 species of nematophagous fungi from 36 samples
of cow manure at three sites in Nova Scotia, Canada.
Arthrobotrys
flagrans was the most common species fol?

from Nova Scotia, Canada (NS), and to determine the
species composition of these fungi in manure in dif?

Abstract:

ferent states of decomposition.

lowed by Harposporium anguillulae and Myzocytium sp.
The distribution of nematophagous
fungi in manure
was exam?
in four different states of decomposition

MATERIALS AND METHODS
samples were collected on July 9, 1992 from
the Kipawo Farm in Wolfville, NS (64?20'W, 45?05'N);
the Poole Farm in Brooklyn, NS (64?00'W, 45?00'N),
and the Elm Knoll Farm in Beaver Brook, NS (63?25'W,
45?20'N) (Fig. 1). At each farm three replicate samples
Manure

ined. The greatest number of species and highest prevalence of fungi were in the most decomposed manure,
while the fewest species and lowest prevalence were

manure. This correlated with
in the least decomposed
of
nematodes
as the manure de?
prevalence

increased

of manure

in four different states of decomposition
(sample types) were collected in or near a manure pile.
All manure piles sampled were composed
of cattle

composed.
diversity, fungal ecology,
Key Words: abundance,
geographic records, Maritimes, nematode-destroying

manure between 6 months and 2 yr old from top to
bottom of the pile according to the farmers. The sam?
ple types at each site were designated FRESH, PILE,

fungi

RUNOFF

and SOIL.

FRESH samples were from cow
1
less
da old and within 20 m of the
than
droppings
manure pile, each replicate sample was taken from a

INTRODUCTION
Over 150 species of nematophagous
fungi have been
from North America and many other geo?
graphic locations around the world (Gray, 1983; Gray
etal., 1982). The biology of nematode-destroying fungi

described

different cow patty; PILE samples were taken from
approximately half way up the manure pile, 5 cm into
the pile; RUNOFF
samples were taken from the liquid
manure formed by rain leaching the pile and pooling
near the base of the manure pile; and SOIL samples

has been studied extensively (see Gray, 1987) and re?
cently there has been renewed interest in these fungi
because they have potential as biocontrol agents for

were collected

edged that it is essential to obtain a basic knowledge
ofthe ecology of these fungi (Cooke, 1963; Gray 1987).
Manure contains high populations of nematodes and
fungi so ecological studies on nema?
nematophagous

to most decomposed
manure. All
(SOIL)
were
collected
with
a
flame-sterilized
samples
garden
trowel and placed in sterile sample bags. The samples
were stored at 3-5 C until the nematodes and fungi
were extracted.

from the top 5 cm of soil, 3 m from
the base of the pile opposite the RUNOFF
site. The
a
from
least
sample types comprise
range
decomposed

plant and animal parasitic nematodes (Dackman et al.,
1992; Gronvold et al., 1988; Kerry, 1990). Researchers
interested in nematophagous
fungi have acknowl-

(FRESH)

tode-destroying fungi have usually included this sub?
strate (Barron, 1977; Gray, 1983), but little information
is available on the changes in species composition and
fungi in manure as it
prevalence of nematophagous

The Baermann
funnel method and baited plate
method were used to extract nematodes and fungi
from the samples (Barron, 1977). These methods are
for recovery of both predacious
recommended
and

endoparasitic fungal species (Bailey and Gray, 1989).
Four subsamples of 20 ? 0.5 g were taken from each
of the three replicate samples of each sample type
collected at the three sites. Nematodes extracted from

decomposes.
1 Authorto whom

correspondenceshould be addressed.
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present based on differences in size and morphology
of the nematodes observed.
For the baited plate method four subsamples of 1
? 0.2 g each were taken from each sample and sprinkled on water agar plates baited with several hundred
lab stock nematodes. The nematode stock culture orig?
inated from a single gravid female (Rhabditidae, prob?

ably a Rhabditis sp.) collected from manure and reared
on pea soup mix sprinkled on agar as described in
Barron (1977)- A continuous culture was maintained
by transferring nematodes to fresh plates of agar and
pea soup mix every 2 wk.
All plates obtained from both the Baermann

Fig. 1.
ada.

Location of sampling sites in Nova Scotia, Can?

the subsamples by the Baermann funnel method were
placed on water agar plates (Difco Bacto agar, 15 g in
1 L distilled water). The prevalence of nematodes in
each sample type was estimated by recording the pres?
ence or absence of nematodes extracted with Baer?
mann funnels from the subsamples of each sample

type at each site. No attempt was made to identify the
nematode species but a variety of types were likely

TABLE I.

funnel

and baited plate methods were placed in sealed plastic
bags and incubated at 25 C for a period of 7 wk during
which time weekly observations were made at 100 x

Wet
magnification using a dissecting microscope.
mounts were made from fungus-colonized nematodes,
and the fungi were identified using Cooke and Godfrey
(1964) and Schenck et al. (1977). The number of fungal

species recorded from both extraction methods were
combined for each subsample.
The total number of species present (species rich?
ness) at each site and for each sample type for all sites
was recorded. The mean number of species
per sample for each sample type was compared using
A Studenta one-way analysis of variance (ANOVA).
combined

List of fungi isolated from manure at three farms in Nova Scotia
Farm

Fungal species
Arthrobotrys
arthrobotryoides
Lindau
conoides Drechsler
Arthrobotrys
Arthrobotrys
flagrans Duddington
Arthrobotrys
longispora Soprunov
Arthrobotrys
musiformisDrechsler
Arthrobotrys
oligospora Fresenius
Arthrobotrys
oviformisSoprunov
Arthrobotrys
pyriformis(Juniper)
Schenck et al.
robustaDuddington
Arthrobotrys
Arthrobotrys
superba Corda
Catenaria anguillulae Sorokin
Cystopagesp.
DrechmeriaconiosporaDrechsler
Harposporiumanguillulae Lohde
Harposporium lilliputanum Dixon
Myzocytiumsp.
Nematoctonushaptocladus Drechsler
Unidentified deuteromycete
Total no. of species present
a
(No. of petri plates with the fungus/144 plates observed) x 100.
b
= +;
= ?.
Species present
species absent
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by totalling the num?
ber of occurrences of each species in a sample type/
36 (the maximum number of occurrences) then dividing by the total number of species (n) recovered from
that type x 100.
was determined

Nematophagous
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16 n

test was used to determine which means

were significantly different.
of all fungal
The prevalence (% occurrence/species)
for
from
all three
collected
each
species
sample type
sites combined
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RESULTS

F5

We recovered

at least 18 different species of nema?
fungi from the four sample types at three

a
FRESH

tophagous
farms in Nova Scotia; 15 were identified to species, 2
to genus, and 1 was identified only as a deuteromycete

because

it produced trapping hyphae but no spores
I). The most common species recorded were
Arthrobotrysflagrans, Harposporium anguillulae and MyI). In addition to the fungi, we
zocytium sp. (Table
observed a spore-forming bacterial pathogen from the
four sample types and at all three sites (abundance =
7.6%). Based on its spore characteristics and parasitic
habit on nematodes the bacterium we observed likely
belongs in the genus Pasteuria (Sayre, 1993).
(Tabue

There were some differences in the distribution of
the fungal species among the three farms. None of
the farms had all 18 species recorded and some species

were found at only one site (Table I). The Poole farm
showed the highest species richness with 13, next was
Elm Knoll Farm with 12, and Kipawo Farm had 9
species (Table I).
The species distribution was different among the
sample types at the three sites when the data were
combined. The greatest species richness was in the
SOIL
type (16 spp.), while the fewest species were

in the FRESH
type (4 spp.) (Fig. 2). Nem?
atodes were more prevalent in SOIL than in the other
sample types (Fig. 2) and increased fungal species rich?
ness correlated well with higher prevalence of nema?
todes (r2 = 0.658).
recorded

Not only were there differences in the distribution
of fungal species among the different sample types but
the species composition and relative abundance
dif?
fered too (Table
II). More species had high abun?
dance in the soil type (five species with number of
occurrences > 10) than in the others (Table II). The

mean number of species recovered from a sample (n
= 9) in SOIL was
significantly higher (p < 0.01) than
the means for the other types. The mean for RUNOFF
was significantly higher than for FRESH,
while the
mean for the PILE type did not differ significantly
from that for FRESH or RUNOFF
(Table II).
When the abundance
was adjusted for the total
number of species in a sample type (no. occurrences/

PILE

RUNOFF

SOIL

SAMPLE TYPE
Fig. 2. Number of nematophagous fungal species and
prevalence of nematodes recovered in each sample type for
all sites combined (? = species richness; ? = nematode
prevalence).

no. of species) the data still showed an increase in
to the SOIL
prevalence from the FRESH
type but
little difference between the PILE and RUNOFF
types
(Fig. 3). When fungal prevalence is compared to nem?
atode prevalence (Fig. 3), it appears that both fungi
and nematodes increase in prevalence with increased
manure

There was a strong correladecomposition.
tion between the two variables (r2 = 0.916).
DISCUSSION

The majority of fungi were identified to species with
three exceptions. Isolates referred to as Myzocytium
sp. were not identified further because there is too

little variation among the species descriptions (Gray,
1984). An isolate was identified as Cystopage sp. based
on its trapping of nematodes by sticky, yellow adhesive
secreted from aseptate hyphae lacking differentiated

trapping structures, chlamydospores or conidia. Estey
and Olthof (1965) described a similar fungus from
Quebec as "Mycelium 119," and Duddington (1954)
referred to such a fungus as "Mycelium 186." Thirdly,
a nematode trapping fungus with 3-dimensional ad?

hesive nets was observed but no conidial structures
were present, so it was identified only as a deuteromycete.
A comparison of species richness among the three
farms revealed that they had roughly the same number
of species. The species composition at each site dif-

fered with some species present at one farm only (Ta?
ble I). The differences were few and the conditions
at the farms similar so this likely represents normal
variability that is expected in fungal populations.
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Each sample type is manure in a differentstate of decomposition.
1No. of
petri plates with the fungus (total 144 plates observed).
Letters x, y, z denote a significant difference between the means (p < 0.01).

Six species recorded in our study, Arthrobotrysoligospora, A. conoides, A. musiformis,A. robusta, A. superba,
Harposporium anguillulae and Cystopage sp., were com?
mon species reported by others (Duddington,
1951;
Estey and Olthof, 1965; Gray, 1983). The most fre-

quently recorded species in our survey was Arthrobotrys
flagrans, which was present in approximately 26% of
all observations, followed by Harposporium anguillulae,
in 25% ofthe observations, and Myzocytium sp. in 20%
of the observations. Harposporium anguillulae was one
in
of the most frequently recovered endoparasites
and
British soils (Duddington,
sp.
Myzocytium
1951),
was the most frequent endoparasite in Irish soils (Gray,
1983). Arthrobotrysoligospora was the most abundant

species isolated in Quebec (Estey and Olthof, 1965).
This fungus was present in only 2.8% of our obser?
vations, which was comparable with observations from
Ireland (1.2%) (Gray, 1983). We found a relatively low
prevalence and distribution of Catenaria anguillulae,
while Barron (1977) found this species in over 90% of

FRESH

PILE

RUNOFF

SOIL

SAMPLE TYPE
Fig. 3. Prevalence of nematophagous fungal species and
nematodes in each sample type for all sites combined (? =
= nematode
prevalence).
fungal prevalence; ?

farmyard soil samples in Ontario.
Our data on species composition and prevalence
from manure in Nova Scotia are more like the data
from Irish and British soils than the data from Quebec
and Ontario soils. The maritime climate in Nova Scotia
provides physical conditions more like Britain or Ire?

land than Quebec and Ontario, which may account
for the similar fungal species composition.
The change in species richness and prevalence from
to the most decom?
the least decomposed
(FRESH)
Fig.
3) suggests that manure
posed (SOIL) (Table II,
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by different nematophagous
fungi as it
From our data it appears that few nema?

tophagous fungi are present in manure when it is excreted so fungi probably colonize the manure from
the soil or air, likely from spores dispersed by insects
or nematodes. Factors, such as competition, and physical parameters that influence community structure in

saprophytic fungi are known to affect
coprophilous
the nematophagous
fungi too (Cooke, 1963). Our data
manure (SOIL) con?
most
that
the
show
decomposed
the
tained more species and had
highest fungal prev?
alence compared to the other sample types (Table II,
manure.
Fig. 3). Few species were found in FRESH

Arthrobotrysflagrans was most abundant in the PILE
and RUNOFF
sample types, but its occurrence declined in SOIL while the abundance of other species
(H. anguillulae, Myzocytium sp. and Cystopage sp.) in?
II). These data suggest
dramatically (Table
that succession occurs as manure decomposes.
The correlation between nematode prevalence and
fungal species richness and prevalence suggests that
are in part dependent on
these fungal populations

creased

prey/hosts as in any predator-prey or
parasite-host relationship. Our work also illustrates a
trend for the increase in species richness and preva?
lence of a predator/parasite to lagbehind the increase
their nematode

2, 3), which is typical of most
relationships (Begon et al., 1990).

of the prey/host (Figs.
predator-prey
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