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Land flatworms are carnivorous, preying upon slugs,
snails, earthworms, nemerteans, land isopods, insect larvae,
termites, springtails, mites and other arthropods, besides other
land planarians (DU BOIS-REYMOND MARCUS 1951, FROEHLICH 1955,
DINDAL 1970, OGREN 1995, JONES & CUMMING 1998, WINSOR et al.
1998, OHBAYASHI et al. 2005). Some species may feed on velvet
worms, large insects and harvestmen (GRAFF 1899, FROEHLICH

1955, CARBAYO & LEAL-ZANCHET 2003).
The predatory behavior of land flatworms, combined with

the fact that the recent distribution of some of them has been
influenced by man, gives rise to concern about the possible
impacts on prey populations (BLACKSHAW 1990, DUCEY & NOCE

1998, ZABORSKI 2002, DUCEY et al. 2005, CARBAYO et al. 2007). The
impacts of exotic predators on ecosystems may be determined
by the invaders’ predatory behavior, widely-foraging predators
being able to cause heavy impact if they combine both track-
ing ability and the capacity to subdue prey in a wide range of
microhabitats (FIORE et al. 2004). The now-cosmopolitan

Bipalium kewense Moseley, 1878 has been reported as being a
threat to earthworm farms in the southern United States (WINSOR

1983), the same occurring with Bipalium adventitium Hyman,
1943, which is now widely distributed throughout the north-
ern portion of this country (DUCEY & NOCE 1998, FIORE et al.
2004 DUCEY et al. 2007). Platydemus manokwari Beauchamp,
1962, the “New Guinea flatworm”, poses a threat for native
land-snail populations, and may even be the cause of extinc-
tion of endemic species in certain Pacific countries (OHBAYASHI

et al. 2005). Two other earthworm predators, Arthurdendyus
triangulatus (Dendy, 1895) and Australoplana sanguinea alba
(Dendy, 1891), respectively known as the “New Zealand flat-
worm” and the “Australian flatworm”, have undergone rapid
dispersion in certain European countries. At the time of dis-
covery of their introduction, the biology of these species was
practically unknown, thereby complicating any attempts to
limit or slow down their human-mediated dispersal (ALFORD et
al. 1998).
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ABSTRACT. Land flatworms are carnivorous, mainly predators. However, knowledge on their predatory behavior and

prey preference is very scarce. This paucity of data is a limiting factor in the study of their biology and organismal

ecology, resulting in a very difficult task to breed them in the laboratory for prolonged periods if prey preference and

predation frequency are unknown. We investigated the predatory behavior of Notogynaphallia abundans (Graff, 1899),

Geoplaninae, based on laboratory experiments. In order to determine its predatory choices, we offered mollusks, earth-

worms, arthropods, and other land flatworms. Only land isopods were accepted, with an average consumption of 3.4

individuals per week. Linear regression showed a positive relationship between the number of consumed isopods and

the increase/decrease in body mass. Consumption resulting in an increase in body mass was ca. four isopods per week.

Predatory behavior, with a mean time-span of 28 min 45 s ± 15 min 47 s, includes encounter and capture of prey,

immobilization, handling and feeding. Variation in the duration of this activity in N. abundans is clearly due to variations

in the time necessary for transferring the prey from either the anterior or posterior thirds of the body to the mouth, as

well as for external digestion and ingestion. In order to capture very active and fast-moving animals such as land

isopods, N. abundans employs various strategies, using either the anterior or the posterior body regions to press the

prey against the ground or against its own body, thus allowing it to deal with various responses by the prey, and thereby

maximizing predatory success. Similar to other flatworms, both physical holding and entrapment in a mucous secretion

are of fundamental importance for prey-immobilization. The different strategies employed by land flatworms in their

predatory behavior are discussed, and behavioral plasticity in the capture and immobilization of prey in different platy-

helminth groups is emphasized.
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Flatworm locomotion is provided by means of extensive
muscle layers and cilia, together with the secretion of mucus
from subepidermal glands. Some species are able to move rap-
idly by means of peristaltic waves. They are able to lift the ante-
rior region and execute twisting movements (BALL & REYNOLDSON

1981, FROEHLICH 1955). Characteristics of the anterior body re-
gion as head musculature, mucous glands and chemical and tac-
tile receptors are of fundamental importance for capturing prey
(OGREN 1995). Predatory behavior in freshwater planarians has
been well studied, whereas there are relatively few published
observations on this topic in land flatworms (OGREN 1995). It
must be added that knowledge on prey preference in land pla-
narians is very poor. This paucity of data is a limiting factor in
studying the biology and organismal ecology of land flatworms,
resulting in a very difficult task to breed land planarians in the
laboratory when both prey-preference and predation-frequency
constitute unknown factors. Land flatworms seldom accepted
meat or liver in the laboratory (FROEHLICH 1955), with only a few
exceptions such as those reported by OGREN (1955) for
Rhynchodemus sylvaticus (Leidy, 1851). Few studies have been
undertaken under laboratory conditions, focusing on tracking,
predatory behavior and success, and predation and growth rates,
among others, and they were mainly restricted to A. triangulatus
and B. adventitium (BLACKSHAW 1991, 1997, DUCEY & NOCE 1998,
YEATES et al. 1998, DUCEY et al. 1999, 2005, 2007, CHRISTENSEN &
MATHER 2001, ZABORSKI 2002, FIORE et al. 2004).

The present work was undertaken with the following
objectives in view: (1) to determine prey preference and preda-
tion frequency of Notogynaphallia abundans (Graff, 1899) based
on laboratory experiments, and (2) to analyze species preda-
tion behavior.

MATERIAL AND METHODS

Twenty specimens of N. abundans, between 20 and 40
mm long when extended, were collected from under fallen logs,
leaves and bricks, in leaf litter or under other material on the
ground, within fragments of native forest, and in gardens, in
São Leopoldo, Brazil.

 As its name suggests, N. abundans is an abundant species
found in areas of semi-deciduous forest in the state of Rio Grande
do Sul, in the northeastern region of Southern Brazil. It is also
abundant in man-disturbed habitats, such as gardens and on
the borders of small forest-fragments (A.M. Leal-Zanchet, unpubl.
data). Adult specimens of N. abundans present an elongate body,
which is ca. 30 to 60 mm long when crawling. The dorsum is
yellowish, with seven dark-brown longitudinal stripes and many
eyes distributed along the entire body-length. In adults, there
are two openings on the ventral surface, the mouth and the
gonopore, located, respectively, at the median and posterior
thirds of the body (LEAL-ZANCHET & FROEHLICH 2006).

Once in the laboratory, the flatworms were kept individu-
ally in terraria (13.0 x 6.6 x 3.5 cm or 9.0 x 5.5 x 2.6 cm, depend-
ing on the size of each specimen). Each terrarium contained

moist soil and leaves and was sheltered from direct sun-light.
The first experiment lasted six months and focused on

determining predatory choices of N. abundans. Based on the
known diet of different species of flatworms, we offered snails:
Bradybaena similaris (Férussac, 1821) and Helix aspersa (Müller,
1774); slugs: Deroceras sp.; earthworms: Pheretima hawayana
(Rosa, 1891); isopods: Atlantoscia floridana (Van Name, 1940),
Balloniscus sellowii (Brandt 1833), Benthana taeniata Araujo &
Buckup, 1994, Trichorhina tomentosa (Budde-Lund, 1893), and
T. acuta Araujo & Buckup, 1994; termites: Cryptotermes sp.,
Nasutitermes sp., and Apicotermitinae; insect larvae: Anticarsia
gemmatalis Hübner, 1818 and Spodoptera frugiperda (Smith,
1797); and other land flatworms: Dolichoplana carvalhoi Correa,
1947, Rhynchodemus sp., Geoplana sp. 1 and Geoplana sp. 2. To
test whether each potential prey would be accepted by N.
abundans, one to four live animals from each taxon were placed
inside each terrarium for a week, after which they were removed,
having been monitored twice a week. When the preferential
prey was identified, this was offered every two weeks, alter-
nately with other potential prey items.

A second experiment, carried out during five weeks with
12 adult specimens of N. abundans, measuring between 30 and
70 mm long, consisted in offering an abundant food supply of
isopods (ca. eight specimens per week) to each flatworm. Iso-
pods offered to each flatworm measured between 5 and 8 mm
in length, being not sorted by species. The terraria were pre-
pared in the same way as described for the first experiment, and
maintained in a cool room (18-20°C) with a relative air-humid-
ity of ca. 90%. These were monitored weekly, the amount of
exoskeletons of preyed isopods was counted, and additional iso-
pods were released in the terrarium in order to reach the 8 avail-
able prey items at the beginning of a week. Skeletons could be
distinguished from exuviae, since they were entire whereas the
latter were fragmented (ARAUJO 1999). The body mass of each
flatworm was recorded twice a week, with the animal placed on
a moistened filter paper in a Petri dish, and by using a precision
balance. Linear regression was used to verify the relationship
between body mass and the number of preyed isopods, by means
of Systat 11.0 (Systat Software Inc., Richmond, OR, USA).

To examine the predatory behavior, in order to describe
mainly the phases from capture to feeding, three specimens of
flatworms were used and five trials were conducted. For each
trial, a flatworm and 2 to 5 isopods were placed together in a
Petri dish with a slightly moistened bottom. The predatory
events were recorded on video and subsequently described af-
ter computer analysis of the video records. Isopod exoskeletons
were examined under the stereomicroscope.

RESULTS

The first experiment showed that N. abundans ubiquitously
accepted all five species of land isopods as prey, and did not
accept any other additional item offered. The second experi-
ment showed that the mean weekly consumption of all flat-
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worms was 3.4 isopods with a maximum of eight isopods con-
sumed per week and of 25 isopods consumed in five weeks. Af-
ter five weeks, seven flatworms, which eat an average of 4.1 iso-
pods per week, presented an average increase of 21.3 mg in body
mass, which corresponds to 34.2% of the average body mass of
those specimens. Five flatworms, which consumed an average
of 3.0 isopods per week, showed an average decrease of 42.0 mg
in body mass, corresponding to -43.3% of their average body
mass. There was a positive relationship (r2 = 0.52, F = 10.816, d.f.
= 1, 10, p = 0.008) between the number of preyed isopods and
the increase/decrease in body mass (Fig. 1).

softly (Figs 14-16), then being quickly captured. In another
observation, the isopod moved to the side of the planarian,
apparently touching it slightly (Figs 21 and 22). Muscular wave-
movements were observed on the margin of planarian body,
and when the isopod was at the level of the posterior third of
the planarian body, it was captured.
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Isopods preyed in five weeks

The predatory behavior of N. abundans includes the en-
counter, capture and immobilization of prey, bringing the prey
to the level of the pharynx, and feeding. The trials conducted
to examine this behavior showed a mean time span between
capture and end of feeding of ca. 28 min 45 s ± 15 min 47 s
(mean ± S.D., n = 5).

Locating prey
The flatworm crept with the anterior extremity raised

and waving slightly from side to side showing sensory behav-
ior. In some observations on the process, the isopod, when
exploring the environment, collided with the anterior or me-
dian regions of the body of the flatworm (Figs 2, 6-7 and 10),
and was then very quickly captured (see below). In other ob-
servations, the isopod moved close to the anterior extremity
or the median region of the body of the flatworm, touching it

Figure 1. Linear regression showing the relationship between body
mass and the amount of consumed isopods of 12 specimens of
Notogynaphallia abundans (Graff 1899) over a five-week-period.

Figures 2-13. Three redatory events in which a specimen of N.
abundans has captured the prey with the anterior third of the body
(2-5, 6-9) or with the anterior tip (10-13): (2, 6-7, 10) locating
prey; (3, 8, 11) capture; (4-5, 9, 12-13) immobilization of prey.
Arrows show the direction of movement. In (2, 6, and 10), the
anterior end of the flatworm is towards the top of the picture.

2 3

4

5

6
7

8

9

10 11 12

13



M. E. T. Prasniski & A. M. Leal-Zanchet

ZOOLOGIA  online ahead of print

Figures 14-30. Two predatory events in which prey-capture occurred by pressing it against the median region of the planarian body
itself (14-20) or by means of the posterior third of the body of Notogynaphallia abundans (Graff 1899) (21-30): (14-16, 21-22) locating
prey; (17, 23) capture; (18, 24-25) immobilization of prey; (19, 26-29) bringing the prey to the level of the pharynx; (20, 30) feeding.
Arrows show the direction of movement. In (14 and 21), the anterior end of the flatworm is towards the left side of the picture.

Capture
Prey capture was achieved by quickly moving the anterior

or posterior region onto the prey, immediately enveloping it (Figs
3 and 23). During entrapment the ventral surface of the flatworm
made initial contact with the dorsum or side of the prey, pressing
it against the substratum or against the median region of the pla-

narian body (Figs 8 and 17). In order to hold the prey against its
body, the flatworm bent the anterior or the posterior third of the
body laterally, so that the ventral surface was perpendicular to
the ground. Another type of capture was performed with the an-
terior region (ca. 1/5 of the body length) rapidly encircling the
prey, so that it was lifted from the ground (Fig. 11).
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Immobilizing the prey
The planarian coiled approximately either the anterior or

the posterior third of its body around the prey (Figs 4-5, 12-13
and 24-25), according to the part of the body used for capture,
whilst maintaining its ventral surface perpendicular to the
ground, or used its body either to encircle the prey in a spiral
(Fig. 9) or to press the prey against the substratum (Fig. 18). At
the same time, a considerable amount of mucus was secreted
over the prey, which was usually seen twitching its legs, being
soon immobilized. The time for immobilizing the prey ranged
from 6 to 24 seconds (12.8 s ± 7.7 s, mean ± S.D., n = 5).

Bringing the prey to the level of the pharynx
When capture was achieved using the anterior portion of

the body, after immobilizing the prey, the flatworm turned the
ventral surface to the ground and glided over the prey (Fig. 19),
until the prey was at the level of the mouth, which is located on
ventral surface approximately at the end of the median third of
the body. When capture occurred with the posterior extremity,
after immobilizing the prey, the flatworm, bending the body
posteriorly, gradually moved the anterior extremity towards the
prey, freeing the posterior end to regain contact with the ground
(Figs 26-28). Afterwards, the flatworm crept over the prey (Fig.
29) to bring it into contact with its mouth. The time for bring-
ing the prey to the mouth ranged from 10 s to 2 min 42 s (1 min
31 s ± 1 min 6 s, mean ± S.D., n = 5), with median of 2min3s.

Feeding
For external digestion and subsequent ingestion of prey

tissues, the flatworm kept the body in a hairpin or S-shaped
bend, with the median third of the body flattened (Figs 20 and
30). It stayed motionless while it sucked the prey, although the
anterior end sometimes made slow side-to-side movements.
During this process, the flatworm was observed to change po-
sition probably in order to have access to other parts of the
prey’s body. The time for external digestion and ingestion
ranged from 12 min 50 s to 51 min 20 s (27 min ± 14 min 50 s,
mean ± S.D., n = 5), with median of 25 min 7 s. Examination of
the isopod exoskeleton after being sucked showed that the ven-
tral surface of the isopod body is ruptured, and that the soft
tissues had been consumed with the exception of the intes-
tine, which remained with the exoskeleton.

DISCUSSION

Land isopods have previously been reported as prey of six
species of land planarians: Notogynaphallia ernesti Leal-Zanchet
& Froehlich, 2006, N. caissara (Froehlich, 1955), Pasipha tapetilla
(Marcus, 1951), Enterosyringa pseudorhynchodemus (Riester, 1938),
Caenoplana coerulea vaga (Hyman, 1943) and Parakontikia
ventrolineata (Dendy, 1892) (FROEHLICH 1955, OLEWINE 1972, BARKER

1989). Nevertheless, prey-species were not identified in these
studies. Similar to observations by BLACKSHAW & STEWART (1992)
for Arthurdendyus triangulatus and DUCEY & NOCE (1998) for
Bipalium adventitium, both of which prey on several species of

earthworms, N. abundans ate specimens of all the five species of
land isopods offered in our experiment. However, N. abundans
did not accept any other of the potential prey items. In the case
of some land flatworm species, there are reports about preda-
tion on animals of very different taxonomic groups, although
many species show prey preference (OGREN 1995), thus present-
ing a narrow diet-range. According to MACARTHUR & PIANKA (1966),
diet-width is determined by the choices made by predators once
they have encountered prey, and which are ultimately deter-
mined towards maximization of profitability for the predator.
Regarding the diet-range of land flatworms, we are far from un-
derstanding their degree of specialization.

There is little available data in the literature concerning
predation-frequency and gain in body mass of land planarians
in experimental studies. Once prey preference has been defined,
laboratory-maintenance of land flatworms depends on know-
ing the minimum consumption leading to growth. In the present
case, and in spite of the constant and abundant food supply for
each specimen of N. abundans, some failed to prey on enough
isopods to allow growth. We cannot exclude the possibility that
at least some of these specimens came from field parasitized or
even diseased which may have interfered with the results ob-
tained. Nevertheless, future experiments should test attack be-
havior and predatory success in N. abundans in relation to prey
size and different prey species, as well as the influence of con-
suming distinct isopod prey species on the mass gained.

Concerning the duration of predatory behavior, N.
abundans needs as much time as M. termitophaga for eating ter-
mite soldiers, which, in turn, was longer than that required for
eating workers (JONES & CUMMING 1998). These authors divided
the feeding process into three phases: the time necessary for
subduing the termite, including transferring the prey to the
pharynx; that for the termite to die; and that for completing
both digestion and ingestion. They commented that variations
in the time-span for feeding seems either to result from varia-
tions in handling times or the time to die, or both, rather than
in the time for digestion. Variation in the duration of preda-
tory behavior of N. abundans is clearly due to variations in the
time for transferring the prey from the anterior or posterior
thirds of the body to the mouth, as well as for external diges-
tion and ingestion, rather than in the time spent in capture
and immobilization. Knowledge on the predatory behavior of
flatworms is very scarce, thus hindering comparison of strate-
gies used for predation of the different prey-types. This knowl-
edge could provide valuable data towards a better understand-
ing of the evolution of predatory behavior in flatworms.

Land flatworms seem to manifest oriented-search behav-
ior to locate prey, as was demonstrated by FIORE et al. (2004) for
Bipalium adventitium, which detects and follows chemical trails
from earthworms. In the present work, we did not investigate
the behavior for locating prey. The ability to search for and track
prey and the role of chemo-receptors in the process of prey loca-
tion remain open topics for most land flatworm species.
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Some flatworms present cephalic specialization for prey-
capture (FROEHLICH 1955, OGREN 1995). Notogynaphallia abundans,
which, at least externally, does not denote morphological spe-
cialization of the anterior extremity (LEAL-ZANCHET & FROEHLICH

2006), employs various strategies for capturing isopods, using
not only the anterior but also the posterior body-region, by
pressing the prey against the ground or against its own body.
This flatworm can also encircle the prey and lift it from the
ground by using the anterior body region, thereby preventing
escape. This behavior was also observed for species with cephalic
specialization, such as Rhynchodemus spp. and Bipalium cf.
vagum Jones & Sterrer, 2005, respectively, for catching spring-
tails and slugs (FROEHLICH 1955, OGREN 1995, DUCEY et al. 2007).
The different strategies employed by N. abundans in the cap-
ture of very active and fast-moving animals such as land iso-
pods allows for adaptation to various responses by the prey,
thereby maximizing its predatory success.

Notogynaphallia abundans also prevents prey-escape by
quick immobilization, involving and pressing the relatively
small isopod body, at the same time secreting an abundant
amount of mucus so that the prey becomes still some seconds
after capture. For certain larger prey-types, immobilization takes
place at a later time in predatory behavior, when digestive flu-
ids are released through the flatworm pharynx (JENNINGS 1959,
DINDAL 1970, OGREN 1995). In B. adventitium, this may be comple-
mented by “capping” behavior of the anterior body regions of
the prey, followed by cessation of its violent struggling (DUCEY

et al. 1999). Despite the diverse strategies used by different flat-
worm species, according to prey size and nimbleness, both
physical holding and entrapment in a mucous secretion have
been indicated as being of fundamental importance for immo-
bilizing prey (JENNINGS 1959, OGREN 1995, JONES & CUMMING 1998,
FIORE et al. 2004).

Regarding feeding-mode, FROEHLICH (1955) commented
that arthropods preyed upon by different species of land flat-
worms were not swallowed but sucked, there remaining only
the empty or nearly empty exoskeleton, and, in the case of
isopods, only the dark gut, similar to our observations on N.
abundans. The feeding-mode and the role of the pharynx in
capture and immobilization are related to the type of pharynx
and prey. Species which have a bell-shaped or collar-type phar-
ynx spread this organ over the prey, as described by DINDAL

(1970) for B. adventitium, whereas a cylindrical-type pharynx
must be extended into the prey through the body wall to suck
internal tissues. To feed on isopods which possess a strong,
dorsally thicker exoskeleton, the bell-shaped type of pharynx
of N. abundans (LEAL-ZANCHET & FROEHLICH 2006) appears to be
involved in the rupture of the ventral exoskeleton, thus gain-
ing access to internal tissues. The release of digestive fluids by
the pharynx is important in external digestion for sucking liq-
uefied tissues.

Notogynaphallia abundans presented diverse strategies for
capturing and immobilizing prey. A similar plasticity in preda-

tory behavior, thereby enabling predator adaptation to vari-
ous prey-responses, has also been demonstrated in polyclads
and rhabdocoels by KOOPOWITZ et al. (1976) and WRONA &
KOOPOWITZ (1998). Here we demonstrated plasticity in an addi-
tional group of flatworms, suggesting such plasticity may be
wide-spread.
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