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ABSTRACT 

Predacious fungi form specialized hyphae structures to 
trap nematodes and other microscopic animals. Among 
the six kinds of trapping devices, the constricting ring 
is the only one that actively captures nematodes. When 
a nematode enters the aperture of the ring, which is 
formed by three cells, the cells rapidly triple their vol-
ume, close the aperture and hold the nematode in place. 
Hyphae then penetrate and consume the nematode. 
This paper reviews the data and hypotheses on con-
serving the evolution of constricting rings and their 
cytological and molecular mechanisms. 
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INTRODUCTION 

From the perspective of most humans, fungi in the form of 
edible mushrooms represent a wonderful food. As we eat a 
savory mushroom dish, we are pleased that fungi can greatly 
enhance our meals. Most of the mushrooms that we love to 
eat are produced by saprophytic fungi, i.e. fungi that obtain 
their carbon, energy, and nutrients from nonliving, organic 
substrates like decomposed tree stumps and leaf litter. These 
fungi do not present any obvious threat to humans or other 
animals (unless we consume one that contains toxins). Other 
fungi, however, turn the tables and capture and consume 
animals, albeit small ones like nematodes amoebas, rotifers, 
and even collembola (Duddington, 1955). These predacious, 
nematode-trapping fungi are the subject of this review. 

Most of the nematode-trapping fungi belong to the Orbili-
aceae in Ascomycota, but they have usually been described 
in their anamorphic stage (Liu and Xiang, 2009). The nema-
tode-trapping fungi are ecologically united by their unusual 

ability to prey on and consume nematodes and other micro-
scopic animals (Pramer, 1964). 

Research on nematode-trapping fungi began in the first 
half of the 19th century. The first described genus was Ar-
throbotrys (Corda, 1839) and the first described species was 
Arthrobotrys oligospora (Fresenius, 1852), but neither of 
these early reports recognized the predacious nature of the 
described fungi. Zorf (1888) was the first to report that A. 
olispora produced adhesive networks that captured nema-
todes. 

Nematode-trapping fungi are not obligate predators, and 
they typically grow as saprophytes in pure culture. When 
nematodes are added to pure culture, however, the hyphae 
begin to produce trapping structures within 24 h, i.e. the 
presence of prey causes the fungus to undergo the morpho-
logical changes that are required for predation (Pramer, 
1964). Six sophisticated trapping devices have been de-
scribed, and these include constricting rings, adhesive nets, 
adhesive columns, stalked adhesive knobs, unstalked adhe-
sive knobs, and non-constricting rings (Drechsler, 1937; 
Barron, 1977; Stirling, 1991). Among these, constricting rings 
are perhaps the most interesting because they actively cap-
ture prey. 

Constricting rings were described by Drechsler (1937). 
Each ring consists of three curved cells, one of which is con-
nected to the parent hyphae by a two-celled stalk (Fig. 1A). 
The rings are developed at intervals along the parent hypha, 
and the stalk ensures that the rings are raised above and 
perpendicular to the fungal filament; this positioning in-
creases the probability that a passing nematode will swim 
through the ring. The outer diameter of the ring is about 30 
μm, and the aperture diameter is about 20 μm. When a 
nematode enters the ring and contacts the inner surfaces of 
the ring cells, the three ring cells rapidly triple their volume 
within 0.1 s and fill the space previously occupied by the ap-
erture (Fig. 1B) (Muller, 1958). The nematode is captured by  
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Figure 1.  Morphology of constricting ring (CR). (A) A con-
stricting ring; (B) Inflated constricting ring cells; (C–D) Nematode 
captured by a constricting ring. 

 
occlusion and is penetrated by hyphae that grow from the 
surface of the ring cells in contact with the nematode     
(Fig. 1C–1D). The nematode soon dies as assimilatory hy-
phae spread and consume the prey’s body contents. A con-
stricting ring resembles a mouse trap; in both cases, a sta-
tionary trap springs shut when an animal activates a switch. 
In the case of constricting rings, the switch involves nema-
tode contact with the inner surfaces of the ring cells. 

WHY DO FUNGI TRAP NEMATODES? 

As noted earlier, most fungi live as saprophytes, i.e. they 
obtain their carbon, energy, and nitrogen from nonliving sub-
strates in the environment. In decomposed litter and wood on 
or in the soil, however, carbon is relatively abundant but ni-
trogen is relatively scarce. One solution for obtaining the 
limited supply of nitrogen is to capture and consume animals 
that are abundant in soil and other environments where de-
composed organic matter is plentiful (Barron, 2003). Like 
other animals, nematodes are a rich source of nitrogen. 
Various authors have proposed that predatory fungi evolved 
from nonpredatory, cellulolytic or lignin-degrading fungi in 
nitrogen limited habitats (Dixon, 1952; Barron, 1969, 1992; 
Rubner, 1996). Multigene analysis has recently revealed a 
pattern for the evolution of the trapping structures of nema-
tode-trapping fungi. Based on two fossil records and mo-
lecular clock calibration, fungal carnivorism diverged from 
saprophytism about 248.1 million years ago (Mya), shortly 
after the occurrence of the Permian-Triassic extinction event 
about 251.4 Mya. Active carnivorism (fungi with constricting 

rings) and passive carnivorism (fungi with adhesive traps) are 
distinct trapping mechanisms (Yang et al., 2007) that di-
verged from each other about 197.3 Mya, shortly after the 
occurrence of the Triassic-Jurassic extinction event about 
201.4 Mya. The temporal correlation of the origin and evolu-
tion of fungal carnivorism in Ascomycota with major extinction 
events suggests that the presumably carbon-rich, nitro-
gen-poor environments created by mass extinctions might 
have been selected for fungi with the ability to capture and 
consume microscopic animals (unpublished data) 

MORPHOGENESIS OF CONSTRICTING RINGS 

Because the induction of trapping devices generally depends 
on the presence of nematodes (Pramer, 1964), early re-
searchers suspected that some substance produced by 
nematodes functioned as a signal that switched on the 
predatory life style of nematode-trapping fungi. In 1959, 
Pramer and Stoll successfully induced Arthrobotrys conoides 
to form traps in pure culture by adding the nematode 
Neoaplectana glaseri or by adding nematode extract. The 
unknown substance that induced the development of trapping 
devices was termed “nemin” (Pramer and Stoll, 1959). In an 
attempt to identify nemin, Pramer (1964) determined that 
purified nematode proteins, whether they were treated or not 
treated with pepsin, induced trap formation. He also deter-
mined that subjecting nematode extract to enzymatic hy-
drolysis followed by dialysis reduced its activity. Pramer fur-
ther tested 62 peptides, 27 amino acids, various blood frac-
tions, animal hormones, and peptide antibiotics but none of 
these induced traps (Pramer, 1964). Valine was subse-
quently determined to have high trap-induction activity 
(Wootton and Pramer, 1966). 

Besides nemin, traps can be induced by environmental 
and nutritional factors. Limited nutrition is essential for trap 
induction (Nordbring-Hertz, 1968), and some fungi form traps 
when they are transferred from a nutrient-rich medium to a 
nutrient-poor medium (Balan and Lechevalier, 1972). 

Traps are usually produced from hyphae but can also be 
produced by germinating conidia, especially in the case of 
fungi that produce constricting rings (Persmark and Nord-
bring-Hertz, 1997). The production of traps by germinating 
conidia presumably minimizes the resources and time re-
quired by the fungus to begin to compete for nitrogen 
(Dackman and Nordbring-Hertz, 1992). 

Time lapse cinephotomicrography has been used to re-
cord the morphogenesis of Arthrobotrys dactyloides con-
stricting rings (Higgins and Pramer, 1967). When morpho-
genesis begins, hyphale branches destined to differentiate 
into constricting rings are highly refractile and robust. As 
these branches elongate, they arch and become hook like. 
The tip of the branch, which now consists of five cells, then 
fuses with the second cell of the branch, forming a 
three-celled ring that is connected to the parent hypha by a 
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two-celled stalk. Each of the three cells that form the ring then 
increases to its final size (5–8 μm in width and 20–28 μm in 
length). 

After a constricting ring forms, it remains inactive until a 
nematode moves into the aperture. Like the leaves of sen-
sitive plant, Mimosa pudica, and the leaves of Venus flytrap, 
Dionaea muscipula, the inner surfaces of ring cells respond 
to touch or pressure. This rapid response of plants and fungi 
to touch or vibration is termed thigmonasty (Jaffe et al., 
2002). 

A variety of stimuli other than nematodes can cause the 
ring cells to inflate. These other stimuli include hot water, dry 
heat, contact with fine needles, pressure, an increase of in-
tracellular Ca2+, and electricity (Couch, 1937; Chen et al., 
2001). Once a nematode is captured, it is rapidly assimilated 
by the fungus. 

CYTOLOGY OF CONSTRICTING RINGS 

As noted earlier, the constricting rings close and capture 
nematodes as a consequence of ring cell inflation. Re-
searchers have proposed several mechanisms to explain the 
rapid inflation of ring cells in response to contact with nema-
todes. Couch (1937) suggested that the cells may have a 
high osmotic pressure and that cell membrane permeability is 
increased when the cells are touched; an increase in per-
meability would cause a rapid influx of water followed by cell 
inflation. Tzean and Estey (1979) suggested that air might 
substitute for water. Barron (1981) provided complementary 
information that explained how the cell walls could accom-
modate the rapid and large increase in cell volume. Ultra-
structural examination revealed that the cell walls that line the 
aperture contain additional cell walls that are folded within the 
cells and that are nonfunctional until the trap is sprung. When 
the nematode touches the existing cell wall, the existing cell 
wall ruptures outward and the folded cell wall balloons out 
and forms the new wall of the now inflated cell. Accordingly, 
cell inflation does not require expansion of the existing cell 
wall or synthesis of a new cell wall but instead involves the 
replacement of the existing cell wall with a preformed cell wall 
that enables expansion; the deployment of the new cell wall is 
presumably associated with a change in cell permeability to 
water. 

Unlike cells of vegetative hyphae, constricting ring cells 
have electron dense microbodies (EDM). EDM contain cata-
lase and D-aminoacid oxidase before the prey has been 
penetrated but not after penetration has been completed 
(Veenhuis, 1984, 1985, 1989b). These observations indicate 
that EDM participate in the penetration of nematodes. 

The aperture-side cell wall of constricting ring cells is 
complex. It contains an outer fibrillar layer, an electron lucent 
layer, a middle fibrillar layer, and an inner fibrillar layer. 

After penetration, hyphae of nematode-trapping fungi 
spread throughout the nematode cadaver, digesting the 

nematode and assimilating the nutrients. The hyphae grow-
ing in nematodes contain lipid droplets that presumably con-
tain materials that have been obtained from the prey and that 
are being stored to support future fungal growth and activity 
(Veenhuis, 1989a). 

MOLECULAR PROCESS UNDERLYING  
CONSTRICTING RING FUNCTION 

All cells that can respond to environmental stimuli require a 
signal transduction pathway that perceives and transfers the 
signal from the environment to the cell. In 2001, a signal 
transduction pathway essential for ring cell inflation and con-
taining a G-protein-coupled receptor was described by Chen 
et al. (2001). The latter authors reported that a G-protein 
activator stimulated the inflation of ring cells, whereas a 
G-protein inhibitor blocked inflation. An increase in the con-
centration of intracellular Ca2+ was also necessary for ring cell 
inflation. Based on their findings, Chen et al. proposed that 
pressure exerted by a nematode activates heterotrimeric 
G-proteins in the ring cells. The activation leads to an in-
crease in the concentration of cytoplasmic Ca2+, activation of 
calmodulin, and the opening of water channels. As water 
enters the cell, the cell expands. The expansion would pre-
sumably be facilitated by the preformed cell wall as described 
by Barron (1981). 

CONCLUDING REMARKS 

“Nematode-trapping fungi” appear to live both as sapro-
phytes and predators. Although they seem to be mainly 
saprophytic, they can increase their access to nitrogen and 
other nutrients when these are limited by producing traps 
that capture nematodes and other small animals. Among 
the trapping devices, the constricting ring is perhaps the 
most sophisticated and interesting. Phylogenetic analysis 
suggests that nematode-trapping fungi may have developed 
predatory ability in response to mass extinction events, 
which resulted in carbon-rich, nitrogen-poor environments. 
According to this hypothesis, competition for nitrogen in 
carbon rich environment is selected for predatious ability in 
some species. 

Although researchers have long proposed that an un-
known biochemical, termed nemin, was responsible for ring 
induction, nemin remains to be identified. With respect to ring 
function, fungi that produce constricting rings are similar to 
many plants and other fungi in that they are able to sense 
pressure, i.e. they exhibit thigmonasty. When a nematode 
enters a constricting ring and generates pressure along the 
cell walls that line the aperture, the ring cells rapidly inflate 
and immobilize the nematode. 

Recent research suggests that touch or pressure triggers 
a signal transduction pathway in which G-protein is an im-
portant component. 
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