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The Environment Agency is pleased to be associated with the publication of
this key, the 59th in the FBA's series of Scientific Publications. The keys
provide essential, authoritative information needed for both pure and applied
freshwater ecologists.

This key is an invaluable source reference for the collection and
identification of microturbeJlarians throughout the British Isles, and further
advances our knowledge of this group of "tlatworms". High quality
infonnation is required to underpin future advances in the assessment of the
state of our fresh waters. The Environment Agency's aim is to achieve the best
water environment for England and Wales. Accurate identification of lesser­
known macroinvertebrates is essential with respect to the Agency's duties with
regard to biodiversity and furthering conservation. Microturbellarians are not
routinely used in the Agency's monitoring programmes, but our support of this
publication is indicative of our belief in the better understanding of our native
biota in order to manage the environment more sensitively.

Paul Logan
National Ecology Advisor

Environment Agency
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PREFACE

Our last Scientific Publication (No. 58) was a revised key to the freshwater
Lriclads or free-living Turbel1aria, written by Professor T. B. Reynoldson and
Dr 1. O. Young. Their key dealt with the twelve species of "f1atworms" known
to occur in Britain and Ireland. These macroturbeJlarians are relatively large in
size, with adults ranging from about 8 mm to 35 mm in length, making them
familiar animals to everyone who samples in fresh warers.

Now, in this latest Scientific Publication (No. 59), Dr Young has extended
our coverage of the Turbellaria by producing a series of keys which, for the
first time, enable the user to identify 56 species of free-living
microturbellarians that currently have been recorded from Britain and Ireland.
Like the larger triclads they occur in a wide range of freshwater and brackish
habitats, but are less widely known, perhaps because of their small size. With
a body lengLh often less than 3 mm and a lanceolate shape, popular methods
of collecting benthic macroinvertebrates may result in the escape of these
small microinvertebrates through the relatively coarse meshes of most pond­
nets. Unfortunately, preservation of pond-neL samples results tn

microturbellarians being reduced to insignificant, dull-coloured masses.
Hence this key includes informative and essential sections on co]]ection,
preservation (for histological examination) and methods of identifying live
animals.

The occurrence of some species in temporary, brackish and polluted waters
suggests that the group may be useful as part of a monitoring programme for
water quality. The clearly illustrated keys provide biologists with one of the
necessary tools to investigate this possibility as well as providing an incentive
to look for previously undescribed species.

Dr Young has also produced a comprehensive summary of the literature on
the general biology and ecology of the group, much of which is available only
in German. All who are interested in microturbellarians will have cause to be
grateful for the inclusion of this information.

It is hoped that publication of this volume will bring Microturbellaria to the
attention of more freshwater biologists than hitherto and help to promote more
research on this particular component of the benthic invertebrate fauna.

ISBN 0 900386 66 5
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The Ferry House
March 2001

Roger Sweeting
Chief Executive
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INTRODUCTION

The Phylum Platyhelminthes, or Plathelminthes (see Ehlers & Sopott-Ehlers
1995), traditionally embraces three Classes: the predominantly free-living
Turbellaria, and the parasitic Cestoda (tapeworms) and Trematoda (flukes),
though in some classification schemes the Monogenea are split off the last
group to form a separate Class. The Turbellaria have a ciliated epidermis,
rhabdoids, an intestine (gut) without an anus and, usually, a complex
reproductive system. Turbellarians conveniently can be divided into two
groups, the Macroturbellaria (Polycladida and Tricladida) and the
Microturbellaria, though these terms have no taxonomic status. PolycJads and
triclads have a branched intestine, whereas microturbellarians have an
unbranched sac-like intestine; exceptionally, the Order Acoela contains
turbellarians that lack a distinct intestine.

As the name suggests, microturbellarian species are usually small, mostly
up to 3 mm in body length, but some can reach 12 mm, e.g. Mesostoma
ehrenbergii. Most microturbellatians are cylindrical, though a few are
tlattened (e.g. Macrostomum spp.), and some can form chains of zooids by
asexual reproduction. They can glide over the surface of the substratum or on
the underside of the water-surface, and most can swim though few habitually
do so (Hyman 1951).

Microturbellarians occur in a wide variety of freshwater habitats
(Bauchhenss 1971; Young 1970, 1973a; Mack-Fira 1974; Schwank 1976,
1981a; Kolasa 1979, 1983; Heitkamp 1982). Many species can produce
resistant eggs (cocoons), and are particularly well adapted to live in temporary
habitats (Heitkamp 1988). Numerous freshwater species can also tolerate
brackish water (Luther 1955, 1960, 1963; Kaiser 1974) whilst Gyratrix
hermaphroditus occurs in the freshwater, brackish and marine environments
(Curini-Galletti & Puccinelli 1994; Therriault & Kolasa 1999). Though little
is known about the tolerance of microturbellarians to pollutants, some species
appear to be more tolerant of organic pollution than others (Schwank 1982b),
and Kolasa (2000) suggests that lotic microturbellat'ians have potential as
indicators of water quality. Some microturbellarian species may have an
important negative impact on their prey species. Thus, for example,
MesoslOma ehrenbergii and M. lingua may play a role in structuring
zooplankton communities, at least in small ponds (Blaustein & Dumont 1990).
MesostOl1w spp. also may have considerable potential for the biological
control of mosquito populations (Blaustein 1990). A very few freshwater
species are parasitic (Lanfranchi & Papi 1978).
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In contrast to the considerable amount of knowledge available on the
taxonomy and ecology of freshwater triclads in Britain and Ireland
Reynoldson 1966, 1983; Reynoldson & Young 2000), there is a paucity of
such information on microturbellarians (Young 1970, 1975a, 1977a). This is
undoubtedly due to their small size and difficulty of identification. Also, the
fact that preservation of field samples in formalin or alcohol makes them
mostly unrecognisable, compounds the problem. Reliable identification
requires the examination of living specimens.

The first key to British and Irish freshwater microturbellarians was
published by Young (1970) who listed 44 species. These comprised historical
records, including Irish species reported by Southern (1936), and new records
collected by the author. During the last 30 years, a further 12 species have
been recorded, including one new to science (Young 1972a,b, 1985 and
unpublished data; Schmidt & Schmid-Araya 1999). The keys presented here
incorporate these additional species, and also incorporate suggestions for
improvement of the keys made by students at Liverpool University and by
workers at other establishments, over many years. In common with the
situation regarding the freshwater triclads of the Blitish Isles (Reynoldson &
Young 2000), far fewer species of Microturbellaria have been recorded here
than in continental Europe. However, in contrast to triclads, it seems likely
that many mlcroturbelJarian species remain to be discovered. It is hooed that
the publication of the keys and accompanying ecological notes will en~oura<Je
future studies on this group of fascinating animals. b

. In ..recent years, two major publications have appeared concerning the
IdentIfication of turbellarians from wide geographical regions. The first is a
gUide to the turbellarian genera of the world (Cannon 1986) and the second is
a key to the freshwater turbellarian genera of North America (Kolasa 1991).
Both include genera of microturbellarians.

CLASSIFICATION AND CHECKLIST OF
SPECIES FOUND IN BRITAIN AND IRELAND

The phylogenetic relationships within the Platyhelminthes in general and
Turbellaria in particular are controversial (Ehlers 1985a, b; 1986; Smith et al.
1986; Martens et at. 1989; Timoshkin 1991; Jondelius & Thollesson 1993;
Mamkaev 1995). Earlier studies were based on morphological characteristics,
ultrastructure features and developmental processes (Karling 1974; Rieger
J981,1998; Ax 1984; Sopott-Ehlers 1985; Ehlers 1985b). More recently,
whilst some workers still use such criteria (Gremigni 1997; Gremigni &
Falleni 1998), most have focused on molecular characters, particularly the use
of 18S ribosomal DNA (or 18S rRNA) sequences (Riutort et at. 1993; Rohde
et at. 1993; Katayama et at. 1996; Carranza et af. 1997; Campos et at. 1998;
Littlewood et at. 1998; Noren & Jondelius 1999).

The classification of microturbellarians is in a state of flux (Cannon 1986)
but freshwater species are to be found in the Orders Catenulida,
Macrostomida, Prolecithophora, Lecithoepitheliata, Proseriata and
Rhabdocoela. Other Orders are solely marine although, exceptionally, the
Acoela embraces the freshwater species Limnoposthia polonica (Kolasa &
Fuubel) and Oligochoerus limnophilus Ax & Dorjes. The first has been
recorded from lakes in Poland (Faubel & Kolasa 1978) and the second from
rivers, canals and lakes in continental Europe (Ax & Dorjes 1966; Dorjes &
Young ] 975) but not as yet from the British Isles. Illustrations of these
European freshwater acoelans are given by Ax & Dorjes (1966) and Faubel &
Kolasa (1978). An unidentified acoelan has also been recorded from fresh
water in North America (Strayer 1985; Kolasa et af. 1987).

Again, the status of 'groups' within some of the Orders is uncertain and
debated. For example, the Rhabdocoela can be subdivided into three
Suborders: the Dalyellioida, Typhloplanoida and Kalyptorhynchia. However,
some workers present the rhabdocoels as two 'groupings', the 'DalyelJioda'
containing the 'sub-groupings' DalyelJiida and Temnocephalida (symbiotic
animals not considered here), and the 'Typhloplanoida' containing the
Typhloplanida and Kal yptorhynchia (see Cannon 1986). Kolasa (1991) retains
the three Suborders Da1yeJlioida, Typhloplanoida and Kalyptorhynchia, and
refers to the Dalyelliida, Temnocephalida and Typhloplanida as Superfamilies.
The classification used in the present publication is given in Table I, which
lists the species found in the British Isles.
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Table 1. Classification and checklist of microturbellarian species found in Britain and
Ireland.

armata (Fuhrmann 18')4)
inlermedia (Volz 1898)
lanceala Braun 1885
luteola Hofsten 1907
neowmellsis Volz 1898
stagnorum LUlher 1')04
viridis Volz 1898
romanae KolJsa 1977
elongatul1l Hofsten 1907
radiCIIWlI (Muller (774)
l71urmorosu (Muller 1774)
viridala (Abildgaard 1789)

rostratwlI (Muller 1774)

hermaphmditus
Ehrenberg 1831

goel/ei (Bresslau 1906)

typh{ops (Vejdovsky 1880)
unipunClClla (brsted 1843)

o!Jtusa (Schultze 1851)
(runcula (Schmidt 1858)

pallidulJ1 Schmidt 1848

persollCltum (Schmidt 1848)
ehrenbergii (Focke 1836)
lingua (Abildgaard 1789)
plarvcepha{wlI Braun 1885
productum (Schmidt 1848)
(etragonul11 (MUlier 1774)

Species

annigera (Schmidt 1861)
brevimana

(Beklemjschev 1921)
faireh.ildi (Graff 19l1 )
schmidti (Graff 1882)
kupelwieseri (Meixner 1.915)J[Synonym M.

Genus

MICRODALYELLlA Gieysztor 1938

GYRATRIX Ehrenberg 1831

LlMNORUANfS Kolas<l 1977
STRONCYLOSTOMA brsted 1848

RHYNCHOMESOSTOMINAE
RHYNCHOMESOSTONIA Luther 1904

TYPHLOPLANINAE
CAsTRADA Schmidt 1861

OP[STOMINAE
OPfsTOMUM Schmidt 1848

PHAENOCORIN AE
PHAENOCORA Ehrenberg 1835

OPfSTHOCYSTlS Sekera 1911

OLlSTHANELLlNAE
OLlsTHANELLA Voigt 1892

TETRA CELlS Ehrenberg 1831
TYPHLOPLANA Ehrenberg 1831

KALYPTORHYNCHIA
POLYCYSTlDAE

TYPHLOPLANOIDA
TYPHLOPLANlDAE

MESOSTOMlNAE
BOTHROMESOSTOMA BraUll 1885
lWEsOSTOMA Ebrenberg 1837

Order
Suborder

Family
Subfamily

baltica (Kennel (883)
sphyroceph.ala de Man 1876
slClgnalis Schultze J851

semperi Braun 1881

/ineare (MUlier j 774)

auditivulT! (du Plessis 1874)

[runCClIa (Abildgaard [789)
Firic/is (Shaw 1791)
diadema (Hofsten 1907)
expedira (Hofsten J907)
inji/ltdibuliformis

(Fuhrmann 1894)
mora (Fuhrmann 1~':!4)

triquetra (Fuhrmann J8(4)

lemani (du Plessis 1874)

lel1l11ae Duges 1832
twgida (Zacharias 1902)

Species

distillguendul11 Papi 1951
jolmi Young 1972
rostrCl/um Papi 1951
trtba (Graft 1882)

Genus

CATENULA Duges 1832
SUOMINA Marcus 1945

STENOSTOMIDAE
RHYNCHOSCOLEX Leidy 1851 simplex Leidy 185 J

STENOSTOMUM Schmidt 1848 allatiroSlrW17 Marcus 1945
[Synonym S. brvoplu{um Luther [960J

grabbskogense LUlber 1960
leucops (Duges 1828)
unicolor Schmidt l848

PRORHYNCHUS SchuItze J851
PROSERIATA

BOTHRIOPLANIDAE
BOTHRfOPLANA Braun J 881

OTOMESOSTOMIDAE
OTOMESOSTOMA GrJff 1882

CASTRELLA Fuhnnann 1900
DALYELLfA Flemming 1812
GIEYSZTORfA Ruebush & Hayes 1939

MICROSTOMIDAE
MfCROSTOMUM Scbmidt 1848

PROLECITHOPHORA
PLAGIOSTOMIDAE

PLAGIOSTOMUM Schmidt 1852
LECITHOEPITHELlATA

PRORHYNCHIDAE
GEOCENTROPHORA de Man 1876

CATENULIDA
CATENULlDAE

RHABDOCOELA
DALYELLIOIDA

DALYELLlIDAE

MACROSTOMIDA
MACROSTOMIDAE

MACROSTOMUiVl Scbmidt 1848

Order
Suborder

family
Subfamily
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It should be noted that Macrostol11wn tuba has been recorded only in
warmed aquaria (Young & Young 1967) in the British [sles. It occurs in natural
conditions in central and southern, but not northern, continental Europe
(Lanfranchi & Papi 1978). Since the earlier key by Young (1970),
Microdalyellia schmidti (Graff 1882) and M. kupelwieseri (Meixner 1915) are
now considered to be synonyms (Bauchhenss 1971; Lanfranchi & Papi 1978).
SrellOSlOl11um bryophilul11 Luther 1960, also included in the earlier key, is now
considered to be a synonym of S. anatirostrum Marcus 1945b (Kolasa &
Young 1974). Some workers have suggested that Ceocemrophora
sphyrocephala and C. baltica may be synonyms (e.g. Bauchhenss 1971), but
in the absence of a comparative, definitive study to confirm this, the two
species are retained here. BOl'kort (1970) suggested that Stenostomum leucops
should be split into three species, namely S. sthenum, S. plebejwn and S.
plat)'caudatum, but this has not been widely adopted (Lanfranchi & Papi
1978). GyrCltrix hermaphroditus is a species-complex represented in Western
Europe by several sibling species that are karyologically and ecologically
distinct. Species with 2n = 6 chromosomes are marine, whereas species witl1
2n = 4 chromosomes are found in fresh water. Freshwater populations from
Russia and North Australia also have 2n = 4, but in Puerto Rico and Bermuda
both species groups with 2n =4 and 2n =6 have been found in intertidal areas
(Puccinelli & Curini-Galletti 1987; Puccinel1i et a!. 1990; Curini-Galletti &
Puccinelli 1990, 1994; Birstein 1991). Within the freshwater environment, a
study of sixteen populations of C. hermaphroditus from small ponds in
Germany indicated that the species comprised a group of at least five sibling
species (Hei tkamp 1978b, 1982).

Mesostoma lingua also may be composed of a complex of sibling species
(Heitkamp 1972a, 1982: Heitkamp & Schrade-Mock 1977). Two different
cytological and ecological 'strains' or 'races' have been found in Tetracelis
marmarosa; a northern and boreo-alpine 'strain' with resting eggs (p. 110) and
2n = 8 chromosomes, and a southern race with resting and subitaneous eggs
(i.e. eggs develop inside the ovoviparous female; see p. 110) and 2n = 4
chromosomes (Luther 1963; Papi 1952, 1954; Reisinger 1955; Heitkamp
1982). The karyotypes of other microturbellarians, including freshwater
species, are given in Galleni & Canovai (1988), Birstein (1991) and Novikova
(1999). Records of two species in the British Isles, Gieysztoria triquetra and
Mesostoma plarycephalum, should be regarded with caution (Young 1970).
Perkins (1928) recorded the former (as Dalyellia (Vortex) triquetra) from Coe
Fen, and the latter from Brick Pit Ponds, Wicken Fen, Cambridgeshire.
Unfortunately, whole mount specimens of both species deposited in the British
Museum are of poor quality and cannot be identified.

It is peninent to mention that although G. triquetra has a wide distribution
in continental Europe, M. plarycephalum has only been recorded from Dorpat,
Russia (Lanfranchi & Papi ] 978). The anatomy of the latter species was

described by Braun (1885).
Historic:.!1 records of the various microturbellarian species found in the

British Isles up to 1969 are detailed in Young (1970). For each species, he
includes information on the location and type of habitat, time of collection and
name of collector. These data, together with all post-1969 records, are also
stored in the Biological Records Centre, CEH Monks Wood, Huntingdon, UK.

COLLECTION, EXAMINATION
AND PRESERVATION

COLLECTION OF SPECIMENS

Because most microturbellarian species are tiny, a detailed account of their
collection and examination is necessary. Most of them are too small to be
collected by hand in the way that triclad flatworms can be removed from the
under-surfaces of stones and leaves, and from the axils of leaves on plants
(Reynoldson & Young 2000). Qualitative samples can be obtained using a
fine-meshed sweep-net (Chodorowski 1959; Rixen 1961, 1968: Young 1970;
MacIsaac & Hutchinson 1985). I have found that a bag-net with a mesh size
of 300-400 /-lm, mounted on a square frame with a 1.5 m pole, is effective in
sampling a wide variety oflentic and lotic habitats. Although some specimens
may escape through this size of mesh, most of them will be trapped in the
debris accumulating in the net. Excepting samples taken from open water,
finer meshes, whilst retaining the smallest individuals, quickly clog with
substratal materials. A hand-net can be used to sweep the water suIface, open
water and vegetation, and to scoop up the surface layers of substrata such as
small stones, sand, mud, detritus and other debris. Larger stones can be picked
up gently, holding the sweep-net underneath them, and washed thoroughly in
a basin or bucket containing some water. The contents of the bag-net should
be emptied periodically inw transparent, plastic or glass collection vessels.
Some workers (e.g. Kolasa et a!. 1987) have collected surface sediments from
springs and streams using a jar.
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GroLlndwater microtUJ~bellarians have been sampled from the banks of
lakes (eg. Rixen 1961) and streams (e.g. Kolasa 1983; KoJasa et Cl!. 1987) by
digging a hole and allowing it to fill with water. and either sweeping the
agitated water with a net or removing the contained water with a scoop or
pump. A baiting technique has been used successfully by Maly et af. (1980)
and Herbert & Payne (1985) to trap pond-dwelling Mesostoma ehrenbergii
and /VI. lingua. respectively. The former used plastic ice-cream containers into
which several holes had been cut and which contained pig-liver, whilst the
latter used jars that had a piece of 1000 flm nylon mesh inserted in their lids.
These jars were baited with heat-killed zooplankton (Daphnia and Diaptomus)
prior to being placed on their side in the pond for 24 hours. Pelagic
microturbellarians can be collected by plankton tow-nets (Dumont et al. 1973;
Roch et a!. 1990). A variety of dredges and grabs have been used to collect
samples from deeper waters (e.g. Young 1973a; Schwank 1976; Kolasa 1979).

Some workers have used the sweep-net technique to try and quantify
samples by collecting a given area or volume of material such as algae, moss,
etc. (e.g. Schwank 1981a,b) or by collecting for a given length of time, which
provides relati ve, not absolute, abundances (Young 1973a). Strictly
quantitative sampling in shallow waters can be obtained by the use of
cylinders or boxes of various sizes to enclose a given VOlume/area of water
and substratum from ponds and lakes (e.g. Young 1973a, 1975a, 1977a) and
streams (e.g. Schwank 1981 a,b; Kolasa 1983). Animals in the water column
are removed by sweep-net, and from the substratum by a net or shovel. When
small corers are used the core is ejected directly into the coJIection vessel
(Young 1977a; Schwank J98la,b). Boxes with their bottom covered by a fine
mesh but open at the top, and filled with natural or sorted sediments, have
been placed in streams and removed at timed intervals after colonisation by
microturbellarians (Kolasa et Cl!. 1987). An interesting quantitative method
was used by Maly et Cl!. (1980) to sample !VI. ehrenbergii from a pond. Pieces
of cheesecloth covered by a layer of detritus were placed on the pond bottom
and left for 7 to 10 days, after which they were lifted carefully and placed into
trays. Palchick (1984) also used this method when examining the relationship
between a species of /VIesostomCl and mosquitoes. In deeper lentic freshwaters,
quantitative samples can be obtained using a variety of grabs (e.g. Kolasa
1979; Young 2001).

When collected, samples can be partly processed in the field by agitating
the collected substratal material in a bucket and pouring the washings
through sieves or nets (e.g. Kolasa 1983). This is only possible when the
substratum consists mainly of mineral matter with little organic matelial, as is

found in mountain streams. Usually, the collected material is transported in the
collection vessels directly back to the laboratory or place of study. Sometimes,
however. it may be preferable to empty the contents of the bag-net into a basin,
bucket or tray containing some water, in order to carefully remove large
substratal items such as twigs, pebbles, etc. prior to transportation. Field
collections should be returned fresh to tbe laboratory because most
rnicroturbeJlarian species will almost certainly be missed in preserved
samples. and are difficult to identify in this state. Before transportation, the
collection vessels should be three-quarters filled with water before closure. In
very hot weather it is preferable to keep the samples cooled and/or aerated
during transport (Young 1973a).

In the laboratory, it is sometimes possible to remove animals from field
collections by carefully sifting through the substratal materials, particularly if
the microturbellarians are large (Young 1975a, 1977a; Maly et a!. 1980).
Usually, however, the animals are too small to be processed in this way and
the following procedure is necessary (Chodorowski 1959; Young 1970;
Kolasa & Mead 1981). The samples either can be left in the collection vessels
with lids removed, or poured into transparent perspex or glass aquaria topped
up with water from the habitat from which the samples were taken or, less
desirably, with tap water left to stand at least 24 hours before use. The samples
should then be aJlowed to settle, when the water will clear and gradually
stagnate as oxygen depletion occurs. The vessels are best kept in darkness or
dim light. Every few hours for several days, the samples should be examined,
with as little disturbance as possible, using illumination from a light source
above or at various positions around the vessels. Microturbellarians may be
found swimming in the open water, adhering or moving at the surface
meniscus, on the surface of the collected materials, or on the sides of the
vessel. The animals can be removed using a bulb-pipette with a bore diameter
elppropriate for the size of the species concerned and placed in a petri-dish
with water from the sample vessel.

Different species of Microturbellaria may emerge from the collected
materials at various time intervals as the stagnation process proceeds. The time
raken to complete stagnation of the samples depends on the nature of the
material and, particularly, on temperature; at normal room temperature,
usually no more animals will emerge after 3 to 4 days. Sometimes the
appl ication of gentle heat to the bottom of the vessels containing the samples,
,Ising a bot plate, so that the surface of the sediment reaches about 30°C,
encourages the emergence of turbellarians (Kolasa 1983). This works best if
the samples contain little detritus, such as those obtained from mountain
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streams. The samples are heated until the first animals appear, and the

operation is repeated several times.
Methods developed for extracting microtLUbellarians from marine sands,

which may be adaptable to freshwater samples, include the addition of sea­
water ice to drive the animals from the sediment, or the addition of narcotics
_ such as magnesium chloride or ethanol - to the sample in order to
anaesthetise the animals. This is followed by a vigorous stirring of the sample
to separate mineral particles, and subsequently decanting the supernatant fluid
through a fine mesh sieve (125 iJ m) to catch the animals (Martens 1984; Noldt

& Wehrenberg 1984).

EXAMINATION OF LIVE SPECIMENS

It is emphasised that the isolated specimens should always be examined alive
for identification. Most species are fairly transparent, allowing internal
structures to be seen. Identification of preserved speciemns is much more
difficult. After noting the general shape, size, colour and movement of the
animal, it is best studied using the 'squeeze preparation' technique which
involves placing the specimen in a small drop of culture water on a
microscope slide (Young 1970). A glass coverslip, which has had a thin layer
of petroleum jelly (vaseline), or an equivalent substance, placed along the
edges of its underside, is then lowered gently onto the animaL A small gap is
left in the petroleum jelly to allow water to escape. Excess water is removed
by absorbent paper or a fine pipette. The coverslip is pressed very lightly to
immobilise the animaL which is then examined under a compound microscope
at suitable magnifications. At intervals during examination of the appearance
and arrangement of the internal organs, the degree of compression of the
specimen may be increased, by applying pressure to the coverslip, to further
flatten the animal and so obtain a clearer view of its anatomy. Eventually, the
tissues may disrupt to produce so-called 'squash preparations' which are often

necessary to study hard structures such as the penis stylet.
Although microturbeJlarians are best identified when alive, it sometimes

may be necessary to examine whole mounts or histological sections to confirm
identification, for example with typhloplanid species. If too much pressure has
not been applied during the squeezing process, it may be possible to rescue the
animal under observation; otherwise, fresh animals should be used.

PRESERVATION AND HISTOLOGICAL SECTIONS

Microturbellarian species are highly contractile and tend to shrink and distort
on the addItIOn offixatives. Usually it is desirable to anaesthetise animals r' .

u • • P 101
to tIXlOg, usmg narcotics such as 7% ethanol, O. I % chloretone or 1%
hydroxylamine hydrochloride (Kolasa 199 I). However some
microturbellarians, for example Phaenocora spp., are satisfactorily killed,
without relaxat~on, 1n Stemmann's fluid (1 part concentrated nitric acid, I part
saturated solullon of mercuric chloride in 5% sodium chloride, and I part
dlstllled water). The flUid IS dropped from a pipette onto the specimen moving
III a shallow. layer of water, after which the animal should be washed
I\nmedlat~ly m water or fix.ative before final preservation (Young 1970).
Sll~~ble fIxatives mclude Bouin's fluid (15 parts saturated aqueous picric acid
(1. __ %), 5 parts formaldehyde and I part acetic aCId), Stieve's t1uid (19 parts
mercunc chlonde, 5 parts formaldehyde and 1 part acetic acid), or 70%
ethanol (Kolasa 1991). Specimens should be stored in 70% ethanol.

Whole mounts can be examined unstained or stained in borax-carmine or
aceto-carmllle. For histological examination, animals are blocked in paraffin
wa~ at 58°C and .transverse or longitudinal sections are cut at 2-8 iJm, with
thickness dependmg on the SIze of the animal. The sections can be stained in
EhrJlch's or Delafield's haematoxylin and eosin, or MaJlory's triple stain.
Whole mounts and sections can be mounted in any suitable mountanL

FEATURES USED FOR IDENTIFICATION

Distinguishing criteria that are seen in living whole-mounts include the type
and posItIon of the pharynx, the type of sexual reproduction, the structure and
pOSitIOn of the reproductive organs, the number and position of the excretory
~~,cts ~lOd pores, the presence or absence of eyes or pigment spots. a statocyst,
I",ht I ef~actlOg organs and cilIated pits or grooves, and the size shape and

colour of the body. In some species, dark pigmentation (e.g. Bothr;mesostoma
j~rSonatu171) or the presence of green zoochloreJlae (e.g. some Castrada spp.,

\ phloplana vzndcua and Dalyellia viridis) make some of these feature
diffIcult to see. s
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To assist users of the keys a brief summary of important features is
provided here, and they are diagrammatically illustrated in Fig. 1 on page 2 I,
and Figs 2 to 7 on pages 28-39. The illustrations given in Figs 2-7 are
repeated at larger scales in the body of the keys, on pages 42 to 8l. Some of
the features have complex. terminology, listed in the Figure legends.

PHARYNX

The pharynx is situated between the mouth and intestine, and its structure and
position is of considerable use in separating microturbellarian species. Three
basic types are found in freshwater species (Table 2): the pharynx simplex
(Figs 2, 3A,B), pharynx plicatus (Fig. 3J ,K) and pharynx bulbosus (Figs 3F-I,
4-7).

Table 2. Types of pharynx and distribution between Families of British and Irish
Microturbellaria.

Type of pharynx Families

Non-protrusible short tube: simplex Catenulidae.
Macrostomidae,
Microstomidae
Stenostomidae

Protrusible muscular cylinder: plicillUs Bothrioplanidae
Otomesostomidae

Slightly protrusible, barrel-shaped: hulhosus doliiformis DaJyelliidae

Slightly protrusible, variably shaped: bulbosus variabilis Plagiostomidae
Prorhynchidae

Slightly protrusible, globular/spherical: bulboslls rosulatus Polycystidae
Typhloplanidae

The pharynx simplex is a short tube of inturned, cilitated epidermis,
without special musculature, but accompanied by the ordinary layers of
subepidermal muscles.

The pharynx plicatus is protrusible through the mouth. It is a muscular
cyJinder - lacking a delimiting septum - which is attached to the anterior end
of, and projects downward andlor backward into, a large pharyngeal cavity.

The pharynx bulbosus is slightly protrusible. It is a glandulo-muscular bulb
delimited by a muscular septum. There are three main types: the pharynx
doliiformis (Fig. 4) which is barrel-shaped and horizontally orientated, the
plwrYl1x rosulatus (Figs 5-7) which is globular or spherical and dorso­
ventrally orientated, and the pharynx variabilis (Fig. 3F-I) which has a
variable shape and a weakly differentiated septum.

REPRODUCTIVE SYSTEM

Tbe reproductive system in Microturbellaria is complex and varies between
the different Orders (Fig. 1). Because reproductive features are used in certain
parts of the keys, some descriptive detail of the system is required.

Cmenulida and Macrostomida

Asexual reproduction by transverse fission occurs in the Catenulida, and in the
Family Microstomidae (e.g. Microstomum lineare) of the Order
Macrostomida, when a chain of two or more zooids is formed (see Figs 2 and
3A, pp. 28-31). With regard to sexual reproduction, tile female gonad is
simple and developing eggs are entolethical, i.e. yolk occurs within the
oocytes (ova), in both the Catenulida and Macrostomida; there are no separate
yolk cells or glands (Figs lA and 3B, pp. 2 I and 31). However, the occurrence
of sexually mature animals can be rare in some populations of some species of
Catenulida and in M. lineare.

In mature animals, the male system comprises a single testis, a sperm duct
(vas deferens), a penis - which has a stylet (hard structure) in some species
(e.g. M. lineare) - and a gonopore. The latter opens dorsally in the anterior
half of the body in the CatenuIida, and ventrally in the posterior part of the
body in M. lineare (Marclls 1945a,b).

The female system includes an ovary (occasionally more than one) but no
oviduct or permanent gonopore in the Catenulida, and there is a single ovary,
oviduct and gonopore opening in the posterior half of the body in M. lineare.

[n species of Macrostomum, a pair of ovaries and oviducts are connected
lO the female antrum and open via the female gonopore onto the ventral body
sult'ace (Fig. 1A, p. 21; Fig. 3B, p. 31). A pair of testes and spenn ducts (vasa
deferentia), sometimes expanded proximally into a false seminal vesicle
(spermiducal vesicle), are connected to the male copulatory complex, the
lumen of which is called the ductus ejaculatorius (ejaculatory duct). The male
complex comprises a vesicula seminalis (seminal vesicle), which receives and
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Fig. I. A-C: Schematic representation of the main reproductive organs and
structures of some freshwater microturbellarians.

A, Macrostomida, Macrostomidae.
B. DaJyellioida, Dalyelliidae (ventral view).
C, Typhloplanoida, TyphJoplanidae. in some species, the relative arrangement of the

structures and organs may be a little different or additional structures may be
present. (C, reproduced with pelmission from Kolasa 1991).
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Prolecit/wphora, Lecithoepitheliata and Proseriata

In these three Orders, and in the Rhabdocoela, the female gonad is
heterocellular, with separate yolk- and oocyte-producing parts (eggs are
ectolethicaL i.e. yolk is not incorporated within the oocyte). The yolk is
diffuse and either partially or fully separated from the oocytes in the
Prolecithophora (Fig. 3F, p. 31), sun-ounds the oocytes in a single
germovitellarium (organ containing ovary and yolk cells) in the
Lecithoepitheliata (Fig. 3G), and is separate from the oocytes and usually in
discrete parts or organs in the Proseriata, and in the Rhabdocoela (Figs 31,K
and lB,C). In Plagiostomum lemani (Prolecithophora), the paired diffuse
testes lie in the front part of the body. The paired ovaries and diffuse yolk
glands (vitellaria) lie at the side of the pharynx and intestine (Fig. 3F). The
common gonopore opens ventrally in the hind part of the body.

In Prorhynchus stagnalis and Geocentmphora spp. (Lecithoepitheliata),
the single germovitellarium lies in the posterior half of the body and the
female gonopore opens ventrally, just anterior to the middle of the body (Fig.
3G). The testes lie posteriorly, but the vesicula seminal is and vesicula
granulorum lie in an anterior position, with the ejaculatory duct and penis
stylet opening into the pharyngeal cavity (buccal tube) which opens at the
front end of the body (Fig. 3G-I). In Bothrioplana semperi (Proseriata) there
are a pair of smaIJ, usually non-functional testes, positioned dorso-lateralJy on
either side of the pharynx (Fig. 3K), a pair of ovaries lying at each side of the
atrium copulatorium (see below) and ventral to the intestine, and a pair of
foJlicular yolk glands positioned along the sides of the body. A common
gonopore opens in the posterior half of the body. In Otomesostoma auditivum
(Proseriata), the paired lateral-lying follicular testes and yolk glands lie in the
front half of the body and along the length of the body, respectively (Fig. 31).
The paired compact ovaries lie just behind the pharynx, and the male gonopore
opens anterior to the female pore.

stores sperm from the testes, a vesicula granulorum (prostatic or granular
vesicle), which stores granular secretions from the prostatic glands, and the
copulatory organ, which comprises a hard, tubular penis stylet tbat opens via
a ventral male gonopore (Figs lA, 3B). The female and male gonopores are
situated near the hind end of the body, the latter more posterioriy than the
former (Figs lA, 3B).

J
I.

I

I
I
I
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Rhabdocoela

The Rhabdocoela have complex reproductive organs and these are shown
schemarically for the Suborders Dalyel!ioida (Family Dalyelliidae) and
Typhloplanoida (Family Typhloplanidae) in Fig. IB and IC, respectively. The
various Slructures have the same function as described above for the
Macrostomida. Additionally, the receptaculum seminalis (seminal receptacle)
and the bursa copulatrix (bursa or seminal bursa) store recipient sperm from a
co-copuiant, and the uterus stores fertilised eggs. The male and female
systems open into an atrium copulatorium (atrium genitale or copulatory
atrium) which opens ventraJly via a common gonopore. One or two blind sacs
(atrium pouches) opening into the atlium copulatorium may be present.

In the species of Dalyeniidae, the single ovary is usually situated in a
caudal position towards the tight side of the body (Fig. 4, p. 33). The yolk
glands are situated in a dorso-Iateral position and dorsal to the testes. The
testes are usually situated in the anterior body half in the Microdalyellia spp.,
though in M. fairchildi and sometimes in M. armigem they occur in a caudal
position (Luther 1955), in the hind part of the body in Castrella tnmcata and
species ot· Gieysztoria, and along the side of the length of the gut in Dalyellia
viridis. The penis stylet, the hard structure of the copulatory organ, has a
complex shape (Fig. 4). There is a single. common gonopore in the caudal part
of the body.

Within the TyphlopJanidae there is one ovary, and paired testes and yolk
glands; exceptionally, Limnoruanis rO/11anae (Subfamily Typhloplaninae) has
only a single line of large yolk cells above the intestine (Fig. SC, p. 35).
Whether or not the testes are ventral or dorsal to the yolk glands is a
distinguishing feature used in the key to separate the typhlop]anid species. The
paired testes lie ventral to the paired yolk glands in species of the Subfamilies
Rhynchomesostominae (Ryhnchomesostoma rostratum) and Typhloplaninae
(Castrada spp., Strongylostoma spp., Tetracelis marmorosa and Tvphloplana
viridata), and lie dorsal to the yolk glands in the Mesostominae (Mesostoma
spp. and Bothromesostol1w personarum), OJisthanellinae (Olisthanella spp.),
Opistominae (Opistomum pallidul11), and Phaenocorinae (Phaenocora spp.).
There is a single. common gonopore. In Plwenocora spp. the penis is replaced
by a cirrus. which is the terminal part of the ejaculatory duct, often lined with
spines, that is eversible to the exterior and acts as a copulatory organ (Fig.
SE.F). In the Kalyptorhynchia, the testes, ovary and yolk glands are paired in
Opisthocystis goettei (Fig. SB) but single in Cyratrix hermaphroditus (Fig.
SA). There is a single, common gonopore in the posterior half of the body in

MALE REPRODUCTIVE SYSTEM

O. goeftei. In G. hermaphroditus, there are separate female and male pores, the
former opening slightly anterior to the latter which opens at the posterior tip

of the body.

ADDITIONAL NOTES ON THE MALE REPRODUCTIVE SYSTEM,
INCLUDING PENIS STYLETS

Immature animals of species that are identified using features of the
reproductive system, for example the penis stylet, cannot be identified to
specific level. However, usually, mature animals are also found in most
samples. Because body shape and internal structure are fairly similar in
species of Macrostomum, only M. rostratum is fully illustrated (Fig. 3B).
However, the penis stylet, a most important distinguishing critelion, is shown
for each of the other species (Fig. 3C-E). Likewise, for species of
IVlicrodalyellia and Gieysztoria, which have a similar appearance and internal
anatomy (with the exception of the position of the testes), only M. fairchildi
and C. rubra, which has characteristic, strongly papillate yolk glands, are
illustrated (Fig. 4C,G). Again, only the penis stylet is shown for each of the
other species (Fig. 4D-F, H-K). Also, because species of Castrada have a
similar external appearance and internal structure, diagrams for only C.
ormaw and C. luteola are presented (Fig. 6A,B). The male copulatory
appar<Jtus, important for separating species, is shown for each of the other
species (Fig. 6C-G). However, the bursa copulatrix is not shown in diagrams
of the male copulatory apparatus of C. armata and C. luteola; the bursa is very
small in the latter species. The typical lay-out of the male and female
reproductive organs in species of Mesostoma has been shown only for M.
lelrugonUJ1l and M. ehrenbergii (Fig. 7D,E), as they are particularly obvious in
these transparent animals.

The average length or height of the penis stylet for all species, as found in
British and Irish specimens, where possible, is given in the illustrations, whilst
the range of measurements is indicated in the keys. The natural proportions of
the penis stylet of each species of Dalyelliidae are shown in the diagrams (Fig.
4). The handle length is usually equal to the remaining portion of the stylet in
M. foirchildi (Fig. 4C). However, occasionally. the handles can be much
longer, indeed as much as twice as long as the remaining portion. In the
illustration of M. fairchildi not all of the spines are indicated because the
prox imal spines are often 2 to 3 rows deep; the collateral branch (Luther J95S)
is not evident ill British material. In a very few specimens of M schmidti the
hilnclles are shorter than shown in the drawing (Fig. 4F). In D. viridis (Fig. 4B)
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one or both pairs of double handles are sometimes seen to be fused together.
In Castrella truncata (Fig. 4A) the exact number of spines is difficult to make
out. but there are about l2 to 13 on each branch (Hofstein 1907).

EXCRETORY SYSTEM

The excretory system consists of protonephridia. The excretory
(protonephridial) ducts open via an excretory pore (nephridiopore) directly
onto the surface of the body, or into the gonopore or genital atrium (space into
which male and female systems open), or into the mouth or buccal cavity
(region behind the mouth but before the pharynx). In the Catenulida there is a
single, central excretory duct which arises caudally, running dorsally forward
and then ventrally backwards to discharge posteriorly onto the body surface
(Fig. 2). In the Macrostomida there are a pair of main excretory ducts (Fig. 3B)
which usually open separately onto the surface of the body just behind the
mouth (Ferguson 1939). In Plagiostomum lemani (Prolecithophora) the paired
nephridia, which have a dorsal and ventral branch in the front half of the body,
do not have definite excretory pores (Hofsten 1907). In Prorhynchus stagnalis
and Geocentrophora spp. (Lecithoepitheliata) the four lateral excretory tubes
open onlo the body surface by a pair of excretory pores situated in front of the
female gonopore. In Bothrioplana semperi (Proseriata) the excretory pore of
the paired tubes opens onto the surface in a ventral, mid-body position in front
of the mouth. In Otomesoscoma auditivum (Proseriata) three pairs of excretory
tubes discharge onto the body surface through numerous pores.

The DalyelJioida (Family Dalyelliidae) have paired excretory ducts
opening separately onto the surface, in the region of the gonads. The
Typhloplanoida (Family Typhloplanidae) have paired excretory ducts but,
exceptionally, Limnoruanis romanae has a single tube which opens ventrally
on the body surface in front of the pharynx (Fig. 5C). In the Subfamilies
Mesosotominae and Typhloplaninae (except L. romanae), the excretory pore
of the combined ducts opens into the mouth (e.g. Figs 5H, 6A,B, 7). In the
Subfamily Rhynchomesostominae the excretory ducts open into the gonopore
(Fig. 6H). In the Subfamilies Olisthanellinae, Opistominae and Phaenocorinae
the ducts open directly via pores onto the body surface; in the first, separately
and posterior to the moutb, in the second by a single pore placed ventraJly
between the mouth and the gonopore, and in the last separately and ventrally
about half or two-tlurds of the way along the body. In the Kalypotorhynchia,
the excretory ducts open into an excretory beaker (vesicle) in the rear end of
the body in Opisthocystis goettei (Fig. 5B) but open directly on the body
surface in a posterior position in Gyratrix hennaphroditus (Fig. 5A).

The excretory system is not easily seen in some microturbellarians, e.g. the
Dalyellioida, and is only used in the key for groups in which it is fairly evident
although, exceptionally, in Macrostomum spp. careful inspection is necessary.

SENSORY STRUCTURES AND SURFACE FEATURES

The presence or absence of a variety of sensory structures also assists in the
separation of species. These include: eyes and pigment spots - pigrnented
li!!ht-sensitive structures (Fig. 3A,B,F,H,J; Fig. 4; Fig. SA-C,E,G; Fig. 6H-J;
pi!!. 7); a statocyst - an organ of orientation comprising a space enclosing a
£r;nule and surrounded by sensory tissue (Figs 2B, 3J); light-refracting organs
=- perhaps with a photosensitive function, consisting of one or more refringent
!!ranules (Nuttycombe & Waters 1938; Marcus & Marcus 1951) (Fig. 2D,E);
:nd ciliated pits or grooves which are aggregations of sensory cells in lateral
depressions situated in front of the brain (e.g. Fig. 2D-G; Fig. 3A,G-K).

Eyes and pigment spots are permanent features and easily seen, but in
Ceocentrophora sphyrocephala they are sometimes difficult to see or are lost
in ageing specimens (Luther 1960).

The Kalyptorhynchia have a protrusible, glandulo-muscular adhesive
organ called a proboscis, at the anterior end of the body, which is used in the
capture of prey (Fig. 5A,B).

Rod tracks, consisting of aggregations of adenal rhabdoids (rod-like
structures in the mesenchyme or parenchyma) are present in some species (e.g.
all species ofTyphloplanidae with the exception of Opistomum pallidum) (see,
for example, Figs 5C,E-H, 6 and 7). Wrona (1986) provided evidence that
they contribute to mucus production in triclads but their function in
microturbellarians is uncertain. Though not used as a distinguishing feature in
the keys, rod tracks are shown in the drawings of some species as they may
assist identification. Caudal adhesive papillae, comprising gland cells which
clssist the animal to adhere to the substratum (Marcus & Marcus 1951; Tyler
1(76), are conspicuous in some species (e.g. species of Macrostomul11 and
Dalyelliidae) (Figs 3B and 4).

The microturbellarians have a ciliated epidermis, but cilia are not shown in
the illustrations in Figs 2-7, except in the case of Suomina turgida (Fig. 2A

1
)

which demonstrates that the cilia can vary in length.
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BODY SHAPE, SIZE AND COLOUR

KEY TO ORDERS AND SUBORDERS

KEY TO ORDERS AND SUBORDERS
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Youn'.': animals hatch from eggs and resemble small adults. Exceptionally,
Rylll1:'hoscolex simplex has a larval or juvenile stage which differs from the
adult; for example, it has a statocyst.

Body shape can be useful in the identification of species; for example, the
prostomium. the anterior end al· the body in front of the intestine, is elongated
in R. simplex (Fig. 2C), and the front tip of the body is retractable in
R\"hnc/lOl11esostol11a i'ostralwn (Fig. 6H). Indeed, in the key to Typhloplanoida
(pp. 62-81), the species of Meso;toma are separated entirely on body shape
(Fig. 7D-H). Body lengths (mm) and colours quoted in the various keys refer
to adult animals. For each species, adult size can be variable, and the quoted
lengths are based mainly on British ancl Irish material. It should be noted that
the scale of magnification used in Figs 2-7 is not constant for all species, a
minimum of organs is shown to avoid confusion and, usually, a dorsal view of
animals is given. Young individuals of some species are colourless and gain
colour as they grow. Some microturbelbllians (Castrada spp., Dalyellia
\'iridis. PhaenocorcL spp. and Typhloplana viridala) may become green as they
grow, due to the presence of aJgae (zoochlorellae) in their tissues (pp. 90-92).

CHECKING iDENTIFICATION AGAINST
FULL TAXONOMIC DESCRIPTIONS

Once a specimen has been identified using the following keys, it may be
desirable to check it against a fuller taxonomic description available in other
more detailed publications, such as Marcus (1945a,b, (946), Luther (l955,
1960, 1963), Km·ling (1963), Kolasa & Young (1974) and Kolasa (1977b).

Phmynx simplex (PS, Figs 2A-G, 3A-E). Reproduction sexual or
asexual by transverse fission when a chain of two or more zooids is
formed (Figs 2A-G, 3A). If present, female gonad simple; developing
eggs are enrolethical (yolk contained within the oocytes: no separate yolk
cells or glands) (Figs I A, 3B)-

Orders CATENULIDA and MACROSTOMIDA
(page 42)

Pharynx of other type (Fig. 3F-K and Figs 4-7). Sexual reproduction.
Female gonad heterocellular with separate yolk- and oocyte-producing
parrs; developing eggs are ectolethical (yolk not incorporated within the
oocytes)(Figs lB,C, 3F-K, 4-7)- 2

:2 Pharynx variabilis (PV, Fig. 3F-I). In the female gonad, yolk not
contained in discrete organs, and is either diffuse (Fig. 3F) or
)urrounds the oocytes in a single germovitellarium (Fig. 3G-I)­

Orders PROLECITHOPHORA and LECITHOEPITHELIATA
(page 50)

Pharynx of other type (Fig. 3J,K and Figs 4-7). In the female gonad,
yolk is contained within discrete pm"ts or organs (Figs IB,C, 3J,K and
4-7)- 3

Pharynx plicatus, tubular and projec.:ting ventrally or posteriorly (PP,
Fig. 3J,K)- Order PROSERIATA

(page 54)

EITHER: Pharynx doliiformis, barrel-shaped and directed forward (PD,
Fig 4)- Order RHABDOCOELA

Suborder DALYELLIODA
(page 56)

OR: Pharynx rosulatus, usually globular and dorso-ventrally
orientated (Figs 5-7) (exceptionaJly, elongated and directed posteriorly
in Opisfomum pallidum (Fig. 5D) and more oval-shaped and directed
forward in Phaenocora spp. (Fig. 5E,F)- Order RHABDOCOELA

Suborders KALYPTORHYNCHIA and TYPHLOPLANOIDA
(page 62)
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Fig. 2. A-G: Major features of species in the Families Catenulidae and

Stenostomidae (Catenulida). The pharynx is simple - a short, non-protrusible

tube of inturned. ciliated epidermis (pharynx simplex, PS).
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B, Catenula lel11nae.

C. Rhynchoscolex simplex.
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E. Slel1oslOmum unicolOl:
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Fig. 3. A-E: Major features of species in the Families Microstomidae and
Macrostomidae (MacroslOtnida). The pharynx is simple - a short, non­
protrusible tube of inwrned, ciliated epidermis (pharynx simplex, PS).

A. MicroslOJ11WIl Iil1eare; AI' side view of anterior end.

B. Macrostol1lwl1 rostratum; B j, penis stylet.

C. MacrostomW71 distinOLlendulIl; penis stylet.

D. MuC!'Ostullluln tuba; penis stylet.

E. Macrustul1lLlllljohl1i; pel1is stylet.

F-I: Major fealllres of species in the Families PlagJOstotTIldae
(Prolecithophoral and Prorhynchidae (Lecithoepitheliata). The bulbous
pharynx is slightly protrusible, muscular and variable in shape (pharynx

variabilis, PV).

F, P/ogiostomwn lemani.

G, Prorhvl1chus stagnalis.

H, Geocenlrophora sphyrocep/l£Ila.

1, Geocenlrophura ballica.

], K: Major features of species in the Family Otomesostomidae al1d
BothriopJanidae (Proseriata). The pharynx is muscular, cylindrical and

protrusible (pharynx plicatus, PP).

J. OlUmesos/O/TlCl audiril'ulIJ. showing testes (left side) and yolk glands (right side).
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fig. 4. A-K: Major features of species in the Family Dalyelliidae (Rhabdocoela:
Dalyellioida). The bulbolls pharynx is slightly protrusible, muscular, barrel­
shaped and oriented horizontally (pharynx cloJiiformis. PD).

A. C[lSlrella trllI/U/ta.

B, Da/ve/la viridis.

C. Microdil/ye//ia jairchi/di: Cl' showing position of the single egg.

D. Microda/ye//ia brevimana; penis stylet.

E. Microdu/ye/lia armigem: penis stylet.

F Micmda/ve//ia schmidli; penis stylet.

G. GievsZlOria rubra.

H. Cievsztoria expedila; penis stylet.

L Cievs~toria diadema; penis stylet.

J. Ciey"slOria infllndibuliformis; penis stylet.

K, Cieysz.toria triquetra: penis stylet (after Rixen 1961).
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A adhesive papillae
B brain (cerebral gangl ia)
CR collar region
E dark eyes
EG egg capsule
FE fenestrae region
G common gonopore
GL girdle
H hook
HA proximal handle or stalk
I intestine or gut
K keel
LD lateral dista] branch or end branch
LS large spine
M mouth
MB median process, branch or piece
MT median tube
OV ovary
PO pharynx doliiformis
S penis stylet (hard structure of copulatory organ)
SN spines
T testis
TB transverse bar or cross piece
Y yolk glands (vitellaria)
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y

T

Fig. 5. A-H: Major featLlres of species in the Families Polycysridae (A, B) and
Typhloplanidae, Subfamilies Opistominae, Phaenocorinae and
Typhloplaninae (C-H) (Rabdocoela; Kalyptorhynchia and Typhloplanoida).
The bulbous pharynx (pharynx rosulatus. PR) is slightly protrusible, dorso­
ventrally oriented and globular or sphericul (exceptionally. elongated and
posteriorJy directed in Opisrornul17 and more oval-shaped and directed
forward in Phaenocora).

A. Gyratrix hermaphroditus.

B. OpistllOGVstis goeltei.

C. Lil17noruanis rOl1wnae (after Kolasa 1991).

D, Opisromum pallidum..

E. PlwenoGora unipUnClClla.

F. Phaellocera tvphlops.

G, Terracelis marmorosa.

H, TyphloplanCl viridata.

B' brain (cerebral ganglia) T
Cl cirrus (male copulatory organ) U
CO male copulatory organ VG
DE ductus ejacularorius
E dark eyes VS
EV excretory vesicle or beaker
EX excretory duct (protonephridial duct) Y
FG t·emale gonopore
G common gonopore
GN glands
GS granular secretions
I intestine or gut
M mouth
MG male gonopore
NP nephridiopore or excretory pore
OV ovary
PB proboscis
PR pharynx rosulatus
R rod or rhabdoid tracks
RS receptaculum seminalis (seminal receptacle)
S penis stylet (hard structure of copulatory organ)
SM sperm
SN spines



Fig. 6. A-J: Major features of species in the Family Typhloplanidae, Subfamilies

Typhloplaninae (A-G), Rhynchomesostominae (H) and Olisthanel1inae (I, J)
(Rh<\bdocoela: Typhloplanoida). The bulbous pharynx is slightly protfusible,
dorso-ventrally oriented and globular or spherical (pharynx rosulatus, PR).

A. Cas/rac/a annata (ventra] view).

B, Cas/rac/a luteo/a.

C. Cas/rac/a imermedia; copulatory apparatus.

D. Castrac/a neocomensis; copulatory apparatus.

E. Cus/rada virldls: copulatory apparatus.

F. Cas/rac/a stagnorum; copulatory apparatus.

G. Cas/rac/a lanceola; copulatory apparatus.

H, Rhvllchomesos/oma mstratum.

1. Olis/lwnella obtLlsa.

J, Olisthanella /runcu/a.

c
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':1':, R

r~ E

"
'.....
.",,;. y, ".
':-:
.'.).

.. ...
T

M M
PR PR

CO CO
Ov

Ov

JIH

DE

SM

rAc"-','\+-- GS

F

~
_~~ SM

-' GS

BC .
"" DEG SI' ~C

atrium copulatOlium (atrium genitale or copulatory atrium)
brain (cerebral gang! ia)
bursa copulatrix (bursa or seminal bursa)
blind sac of atrium copulatorium
male copulatory organ
ductus ejaculatorius
dark eyes
red eyes
excretory duct (protonephridial duct)
common gonopore
granular secretions
hook
intestine Of gut
mouth
nephridiopore Of excretory pore
ovary
pigment spot of irregular shape
pharynx rosulatus
rod or rhabdoid trac ks
retractile tip of body
sperm
spines
testis
toothed structure
yolk glands (vitellaria)

AC
B
BC
BS
CO
DE
E
ER
EX
G
GS
H
I
M
NP
OV
PGS
PR
R
RAE
SM
SN
T
TS
Y
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E

DB
YE

\1l---\-lO--+--T

~-\--\-y

PR
tiIl!~---j'--+- EX

M
EOS

T
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"F,
EOS

EGD PR

-0 PR EX
EX M

F2
M

0
M 0

Cl EOD
EX

co @
T EOS
y G

":'b

U

E

brain (cerebral ganglia)
bursa copulatrix (bursa or seminal bursa)
male copulatory organ
dorsal edge of body
ductus ejaculatorius
dark eyes
egg capsule
dormant egg(s)
sLlbitaneous egg(s)
red eyes
excretory duct (protonephridial duct)
flattened anterior end
common gonopore
intestine or gut
mouth
ovary
pigment free area
pharynx rosulatus
rod or rhabdoid tracks
receptaculum seminaJis (seminal receptacle)
sperm
spines
testis
uterus
vas deferens
ventral edge of body
yolk glands (vitellarial

Fig. 7. A-H: Major features of species in the Family Typhloplanidae, Subfamilies

Typhloplaninae (A, B) and Mesostominae (C-H) (Rhabdocoela:

Typhloplanoida). The bulbous pharynx is slightly protrusible, dorso-ventrally
oriented and globular or spherical (pharynx rosulatus. PR).

A. Strongylostoma radialUl11.

B, Slrongy!ostoma elongatwn.

C. BOlhromesoslOl1la personQIllI11.

D, !'v!esostoma lelrago/UlIJ1 (after Graff 1913); DI> transverse section.

E. Mesosrom({ ehrenbergii (ventral view, after Graff 1913); tbe left side shows

subitaneous eggs and the right side shows dormant eggs.

F, Mesostol11({ platyceplwlwn (after Graff 1909); F 1 and F2, transverse sections.

G, MesoslOl11o lingua; G t , showing subitaneoLls eggs.

H, MeSOSIOI11G produetum; HI, showing subitaneoLls eggs.

B
BC
CO
DB
DE
E
EG
EGD
EGS
ER
EX
FL
G
I
M
OY
PF
PR
R
RS
SM
SN
T
U
YD
YE
Y
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A LIST OF ABBREVIATIONS USED IN M mouth

TEXT-FIGURES 8 TO 68 ON PAGES 43-81
ME median process, branch or piece
MC male gonopore
MT median tube

A adhesive papillae NP nephridiopore or excretory pore
AC atrium copulatorium (atrium genitale or copulatory atrium)

0 opening of stylet
B brain (cerebral ganglia) OV ovary
BC bursa coplllatrix (bursa or seminal bursa)
BS blind sac of atrium copulatorium

p prostomillm
PB proboscis

C ciliated pit PBS pre-oral blind sac
CA cilia PC pharyngeal cavity (buccal tube)
CGP pre-oral ciliated groove PD pharynx doliiformis
Cl cirrus (male copulatory organ) PF pigment free area
CO male copulatory organ PGS pigment spot of irregular shape
CR collar region pp pharynx plicatus

DB dorsal edge of body PR pharynx rosuJatus

DE ductus ejaculatorius PS pharynx simplex

E dark eyes
PV pharynx variabilis

EG egg capsule R rod or rhabdoid tracks

EGD dormant egg(s) RAE retractile tip of body

EGS subitaneous egg(s) RB bowl-shaped, light-refracting organ

ER red eyes RG globular, light-refracting organ

EV excretory vesicle or beaker RP red pigment spot

EX excretory duct (protonephridial duct) RS receptaculum seminalis (seminal receptacle)

EY yellow/brown eyes S penis stylet (hard structure of copulatory organ)

F fission plane of zooids SC sensory cells

FE fenestrae region SM sperm

FG female gonopore SN spines

FL tlattened anterior end SP protective sheath of stylet

FVS false vesicula seminalis (spermiducal vesicle) ST statocyst

G common gonopore T testis

CE germovitellarium TB transverse bar or cross piece
CL girdle TS toothed structure

GN glands U uterus
GP pharyngeal gland cells
CS granular secretions VD vas deferens

VE ventral edge of body
H hook VG vesicula granulorum (prostatic or grnnular vesicle)
HA proximal handle or stalk VS vesicula seminalis (seminal vesicle)
I intestine or gut Y yolk glands (vitellaria)
K keel YD diffuse yolk glands (vitellaria)

LD lateral distal branch or end branch
LC longitudinal grooves
LP long prostomium
LS large spine
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KEY TO CATENULIDA
AND MACROSTOMIDA

11

folPI--- LP

2 Brain compact (B, Figs 8, 10). A pre-oral ciliated groove (furrow) is
present separating the prostomium (front end of body without the
intestine) from the rest of the body (CGP, Figs 8, 10)- 3

Family Catenulidae

EX
F

PS

.~."

.''.."

B
Ivp,~-M

t-:;--t--PS

EX

F

ST

NP

P
B
ST

:---. CG P
M
PS

10

9

:>CA

LG
PS

I

NP

I.--'r--"-B

P
LG
CGP

-M
r..r----\- ps

8

Figs 8-11. Majorfeatures of two species of Catenulidae (8-10) and one species of
Stenosromidae (11).

8: Suomina {urgida. 9: S. rurgida, showing cilia (after Kolasa [991). 10: Catellula
lemnae. 11: Rhynchoscolex simplex. F is the tission plane of two zooids.

Brain with anterior and posterior paired lobes; sensory cells in front of
brain often in pseudo metameric arrangement (parallel rows) (Figs
1] -I 5). Pre-oral ciliated groove absent (Figs 11-15)- 4

Family Stenostomidae

Statocyst present (ST, Fig. 10). Longitudinal grooves on prostomium
absent (Fig. 10). Colourless/white. Length 0.8-1.0 mm (length of two
zooids)- Catenula lemnae

Statocyst absent. A ring of ciliated longitudinal grooves present on
prostomium (LG, Figs 8,9). White/pale yeJlow. Length 0.3-0.4, mm­

Suomina turgida

Pigment spots (RP, Fig. 3A, p. 31) or eyes (E, Fig. 3B) present.
Reproduction sexual only (Fig. 3B) (exceptionally, Microstomum
reproduces both asexua]]y (Fig. 3A) and sexually). Protonephridia with a
pair of excretory ducts (EX, Fig. 3B). Posterior end of body tapering
(Fig. 3A) or, more usually, spatulate (Fig. 3B)- 8

MACROSTOMIDA

Pigment spots and eyes absent (Fig. 2A-G, p. 29). Reproduction asexual.
when a chain of two or more zooids is formed (Fig. 2B-G), or sexual.
Protonephridia with a single, central excretory duct (EX, Fig. 2A-G).
Posterior end of body tapering and never spatulate (broadened) (Fig.
2A-G)- 2

CATENULlDA

3
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Light-refracting organs present (RB, Fig. 12; RG, Fig. 13)- 6

F

EX

NP

SC

C
B
RG
e

11'7';11N;:'r4-- GP

-Qr;~l::;r+-PS'13

NP

EX
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GP
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7

Light-refracting organs globular, compnsIng one or occasionally two
granules (RG, Fig. 13). White/pale yellow. Length 0.5-1.3 mm (length of
two zooids)- Stenostomum ullicolor

Ciliated pits present (C, Figs 12-15). Light-refracting organs present or
absent. Prostomium not elongated (Figs 12-15)- 5

Genus Stenostomlll17

Light-refracting organs bowl-shaped, comprising 20 or more granules
(RB, Fig. 12). White/pale yellow. Length 0.7-1.7 mm (length of two
zooids)- Stellostomum leucops

Light-refracting organs absent (Figs 14, 15)-

Ciliated pits and light-refracting organs absent. Prostomium elongated
(Fig. 11). (A statocyst is present in the larval/juvenile stage). White/pale
yellow. Length up to 6 mm- RhYllchoscolex simplex

6

5

4

Figs 12-l3. Major features of two species of Stenostomidae.

12: Stenostomum Leucops. with bowl-shaped light-refracting organs (RB).
13: Stenostomum unicolor, with globular light-refracting organs (RG).
F is the fission plane of two zooids.

.. --
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14

Front end more pointed. Pharynx simplex abollt 1/5th of body length
(PS, Fig. (5). Colourless/white. Length 004-0.8 mm (length of two
zooids)- Slenoslol1lum grabbskogense

7 Front end of animal duck-billed in shape and searching in movement.
Pharynx simplex abOllt l/8th of body length (PS, Fig. 14). Colourless/
white. Length 0.5-1.0 mm (length of two zooids)-

SlellOslolnuln anatiroslrllln

Figs 14-15. Major features of two species of Stenostomidae.

14: StenoslOl1lum anarirostnu11.. 15: Stellostomum grabbskogense.
F is the fission plane of two zooids.
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20

19

T
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10

Distal end of penis stylet blunt, with either thickened walls or cowl­
(hood)-shaped (Figs 20, 2])- 11

Distal end of penis stylet sharp (S, Figs 17-19)-

One pair of dark eyes present (E, Fig. 17). Ciliated pits and pre-oral blind
sac absent. Sexual reproduction only. Body flattened with spatulate
posterior end which has adhesive papillae (A, Fig. 17)- 9

Genus Macrostomum

9

8 (I) One pair of anterior red pigment spots (RP), ciliated pits (C) and a pre­
oral blind sac (PBS, intestine extension in front of mouth) are all present
(Fig. 16). Reproduction sexual (hooked penis styJet may be present) or.
more usually, asexual when zooids separated by division planes are
apparent (F, Fig. J6). Body cylindrical with pointed posterior end which
lacks adhesive papillae (Fig. 16). White/pale yellow. Length 1.0-1.8 mm
(length of two zooids)- Microstomum lineare

Figs J6-21. MaJ'or features of tile s,'n!!le '. h iV
~ specIes 10 t e I Iicrostomidae and four

species in the Macrostomidae.

16: MicroS1011111m lineare. with a side view of the anterior end' RP - d .eT' d '. P '. ' . le pigment spot;
,.Cl late pit. S, pharynx SImplex; PBS, pre-oral blind sac; I, intestine.

17,. MacrostOl11l1l11 rostratul11. 18: M. rOSlrC/tlll11, penis stylet and opening (0).

19.. Macrostol11l1l7l dISIIJ1guendlll11, penis stylet and opening (0).
20. MaCrOSIOlJllll1l tuba, peniS stylet with openina (0) 21' M " . I' .

I
. h . . c . , aCIO.\/()l11l1l1l)O 1121, pel1lS

sty et Wit opening (0).

av

FG

VS 0 0
VG

~S
MG 11

A 21
0

0. "_',:' ..,:
.: 4.,­

' .. .~.::
" ,
.:,... ~

17

FVS~~+-

16
Penis stylet not spiralled; distal end opening inferior, i.e. on convex
side (0, Fig. 19). Colourless/white. Length 0.8-1.5 mm­

Macrostomum distillgllendll1n

Penis stylet curved in two planes and 80-90 !lm in length; distal end cowl
shaped. and with sub-terminal opening (0, Fig. 21). Colourless/white.
Length [,0-1.3 mm- Macrostomumjohlli

10 Penis stylet very slightly spiralled (S, Fig. 17); distal end opening
supenor, Le. on concave side (0, Fig. 18). Colourless/white. Length
0.8-l.5 mm- Macrostomum rostratum

11 Penis stylet not curved in two planes and 280-420 flm in length; distal
end with thickened walls, and terminal opening (0, Fig. 20). Colourless/
white. Length J .0-2.2 mm. Only recorded from warmed freshwater
aquaria- Macrostomllm tuba
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KEY TO PROLECITHOPHORA AND
LECITHOEPITHELIATA

PL4CfOSTOMUM.: PRORHYNCHUS

M+MG

51

Yolk cells are diffuse and separate from the oocytes; paired yolk glands
(YD) and paired ovaries (OV) lie at the sides of the intestine and pharynx
(Fig. 22)- PROLECITHOPHORA

Plagiostomwn lemani*

"This is the only prolecithophoran species recorded in Britain. Two pairs
of dark eyes are present (E. Fig. 22). The pharynx variabiIis is large (PV,
Fig. 22). White to yellow/pale brown; brown lines of pigmentation on the
dorsal side. Length up to 6 mm.

Yolk surrounds the oocytes in a single germovitellarium (organ
containing ovary and yolk cells) (GE, Fig. 23). A penis stylet is present,
near the pharynx (S, Figs 23-25); a male gonopore (MG) opens into the
pharyngeal cavity (PC) which opens at front end of the body (M) (Figs
23-25)- 2

LECITHOEPITHELlATA

Penis stylet straight and 78-96 pm in length (S, Fig. 23). No eyes (Fig.
23). White/pale yellow. Length up to 6 mm- Prorhynchus stagnalis

Penis stylet curved and 38-50 pm in length (S, Figs 24, 25). Eyes present
or absent- 3

Genus Ceocentrophora

22

E

PY

23

VG
PV
vs

FG

GE

Figs 22-23. Major features of the single British species of Plaoiostomidae
(Prolecithophora), and a species of Prorhynchidae (Lecithoe~itheliata).

22: Plagiostomum fenumi. 23: Proryhnchus stagnafis. with details of the straight
pents stylet (5) surrounded by a protective sheath (SP). ~
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Eyes absent (Fig. 25) White/pale yellow. Length up to 7 mm­
Geocentrophora baltica

3 One pair of yellow-brown eyes (Fig. 24). White/pale yellow. Length up
to 4 mm- Geocentrophora sphyrocephala
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Figs 24-25. Major features of two' . f C
L

. .. species 0 eocelllmphora in the Prorhynchidae
( eClthoeplthehata). '

2~: Geocenll'ophol'a sphyrocepha!a, with details of the penis stylet (S) d .
( ). 25: Ceocel1lrophOrCl ba!lica, with details of the penis stylet (S) d an openll1g. an opemng (0).
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KEY TO PROSERIATA

Statocyst (ST) and one pair of dark eyes (E) present (Fig. 26). Short
pharynx plicatus (PP) directed ventrally. Intestine (r) not split around
pharynx (Fig. 26). Pale brown with paler ventral surface, and
mesenchyme faintly reticulated. Length 2.5-3.5 mm-

Otomesostoma auditiyum

Statocyst and eyes absent. Longer pharynx plicatus (PP) directed
posteriorly. Intestine split around pharynx (Fig. 27). White/pale yel1ow.
Length 2.0-3.0 mm- Bothrioplana semperi

OTOMESOSTOMA: BOTHRIOPLANA

.,;,....._-C
ST

~•.__....-- E

~,.J-...;:,-r;-~-T

27

Figs 26-27. Major. featu.res of the two Britl'sll specl'es .
of Otomesostomidae and

Bothnoplanldae (Proseriata).

26: Otome~'ostul1la auditivul1l, depictincr testes (T) on the left'd d .h' . ~ . SI e an ovanes (OV)
on t e nght SIde. 27: Borhrioplana semperi.

55
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KEY TO RHABDOCOELA: DALYELLOIDA

CASTRELLA; DALYELLlA 57

2

3

Penis stylet (S) 52-84 pm in length, hooked (H, Fig. 28), with one handle
(HA, Fig. 28) and located in a separate pocket adjacent to the bulb of the
copulatory organ. (In Dalyeflia, Gieysztoria and Microdalyellia the penis
stylet is directly attached to the rest of the copulatory organ). One pair of
dark eyes each consisting of an anterior and posterior part connected by
a pigment band (E, Fig. 28). Mature animals with a single stalked egg in
posterior position (Ov, Fig. 28). Light to dark red-brown (sometimes
almost black). Length 0.8-1.2 mm- Castrella trUllcata

Penis stylet (S) with a pair of handles (HA) or without handles (Figs
29-39). One pair of dark eyes not comprising anterior and posterior parts
(E, Figs 29, 30,35)- 2

Penis stylet (S) with a pair of handles (HA, Figs 29-34). Mature animals
with numerous eggs (EG, Fig. 29) or a single egg (EG, Fig. 31)- 3

Penis stylet (S) a spiny girdle with no handles (SN, Fig. 35-39). Mature
animals with a single egg in posterior part of body (EG, Fig. 35)- 7

Genus Gieysztoria

Penis stylet (S) with one pair of broad handles, each of which is usually
cleft longitudinally into two parts, 292-380 IJm in length (HA, Fig. 29).
Mature animals with many eggs dis1ributed along length of the animal
(EG, Fig. 29). Green (with zoochlorellae); young animals are
colourless/white. Length 2.5-4.0 mm- Dalyellia viridis

Penis stylet (S) with a pair of intact handles (HA, Figs 30, 32-34).
Mature animals with a single egg in posterior part of the body (EG,
Fig. 31)- 4

Genus Microdalyellia

~--M

E

PO

28

y

HA

SN

Figs 28-29. Major features of tv:,o species of Dalyellidae (Dalyelloida).

28: Caslrellc~ truncaw, with a penis stylet (S), single handle (HA), spines (SN) and a
hO~k (H). 29. DaLyellw v/rtclt.l' , With a penis stylet (S), broad handles cleft in two (HA),
a t1ansverse bar (TB) and lateral distal branches (LD) carrying spines (SN).
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MfCRODALYELLlA 59

Figs 30-34. Major features of four species of Dalyellidae (Dalyelloida).

30: Microdalvelliafairchildi, with a penis stylet (S), two bandIes (HA), transverse bar
(TB), lateral dlsta! branches (LD) with spines (SN) "nd I'

• '.. . . . ' u a mec lan process (MB).
31: M./acrclllldl,. shOWing posltJon of the single egg (EG) at the hind end of the body.
32. Aft.uodalvellw breVlIl1Wl{[, peDIS stylet with a median keel (K) 33- lA' .• dill'
. _ . . . .IVllUO a ve la

lllllllgera, penIs stylet. 34: Microdalyellia schmidli, penis stylet. Abbreviations ~s fo'
M~~M 1

SN

LD

HA

MB

HA

SN
MB

I-f---HA

'"+----MB

":....L.__ TB

171r-:::=--- S N
iD

--i---TB

·.l,----LD

I
188IJrn

l
32

33 [
1

IlllJrn

!84IJrn

j
34 r

l04j.Jrn

l30

Penis stylet with fewer spines on the lateral distal branches and without
a keel (Figs 33, 34)- 6

Penis stylet with I spine (occasionally 2 or 3) on one lateral distal branch
and 6 spines (occasionally 4, 5, 7 or 8) on the other; end of median
branch rounded, and straight or only slightly bent; 85-137 flm in length
(Fig. 33). Colourless/pale brown-red; sometimes anterior tip of body is
reddish. Length 0.8-1.4 mm- Microdalyellia armigera

Penis stylet with numerous spines on both of the lateral distal branches
(left branch 7-12 and right branch 8-l2 spines), and with a keel (K)
extending from the transverse bar part way down the median branch;
stylet 128-248 flm in length (Fig. 32). Colourless/pale brown-red;
sometimes anterior tip of body is reddish. Length 0.9-1.4 mm-

Microdalyellia brevimana

Penis stylet with 1 spine (rarely 2 or 3) on one lateral branch and 1-3
spines on the other; end of median branch more pointed, and bent
sideways, often hook-shaped; 80-128 IJm in length (Fig. 34).
Colourless/pale brown-red. Length 0.8-1.0 mm-

Microdalyellia schmidti

Penis stylet with only a few or numerous spines on both of the lateral
distaJ branches, but none on the transverse bar (Figs 32-34)- 5

Penis stylet with numerous spines on both of the lateral distal branches
(left branch 15-25 and right branch 14-30 spines) and on the transverse
bar (8-12 spines): stylet 68-100 flm in length (Fig. 30). Colourless/pale
brown; sometimes anterior tip of body is reddish. Length 0.8-1.1 mm-

Microdalyellia jairchildi

6

5

4
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7 Penis stylet with spines of fairly similar appearance and length (SN,
Figs 35-37)- 8

GL

LD
LS
SN

r
73~m

I

GL

~
" >--137\ .. ,......\ ,", J5~m

SN

Cl£YSZTORIA 61

M

r35 36E

PD
24~m

l
y

39

'!'There is only one doubtful record from Britain; see p, 12.

Penis stylet about 100-125 11111 high and with about 18 spines; no long
median tube (Fig. 39). Colourless/pale brown. Length l.l-l.S mm­

Gieysztoria triquetra *

OR: Penis stylet 60-70 ilID high and with 8-11 spines; height of girdle
much less than half the length of the spines (OL, Fig. 37). Yolk glands
['aintly incised. Colourless/pale brown. Length 0.9-1.3 mm-

Gieysztoria diadema

EITHER: Penis stylet 20-28 )..lm high and with about 18-26 spines;
height of girdle equal to or more than half the length of the spines (OL,
Fig. 36). Yolk glands faintly incised or smooth. Colourless/pale brown,
Length 0.7-1.0 mm- Gieysztoria expedita

Penis stylet 64-82)..l111 high, with 2-4 spines on each lateral distal branch,
and with a long median tube with one larger spine on either side (MT,
Fig. 38). Pale brown/dark brown-red. Length 0.8-1.0 mm-

Gieysztoria infundibuLiformis

Penis stylet with spines not all of similar appearance and length (SN,
Figs 38, 39)- 9

9

8 Penis stylet 60-76 ilm high and with 16-24 spines: height of girdle (GL)
much less than half of the length of the spines (SN) (Fig. 35). Yolk glands
strongly papillate (Y, Fig. 35). Yellow/brown-red. Length 1.0-1.5 mm­

Gieysztoria rubra

Figs 35-39. Major features of five species of Dalyellidae <Dalyelloida).

35: CievsZlOria rubra. with a penis stylet (S) "irdJe (GL) . d . (SN', '. _ " . . . ' '" an spines I).
36, Cle)-s~!OJ w expedua, penJS stylet with a deep girdle (GL) and spines (SN).
37: CteysZlOrta dwdema. penis stylet with a shalJow "1'I'dle (GL) ,I I . I f
• • . ' ...• <=> anu re a[Jve y ew
spI.nes: ,~8: CteysZlOrta IJljundlbuliformis, penis stylet with a long median lUbe (MT).
39. Clt)SdOlta tilCflle/ra. penis stylet with a collar re<rion (eR) d f ' .
(FE) ( f R

· <=> an enesrrae legIon
. a ter Ixerr 1961). ~
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CYRATRIX. OPf5THOCYST15 63

KEY TO RHABDOCOELA:
KALYPTORHYNCHIA

AND TYPHLOPLANOIDA

T

41

".r~..,-M

PR

B138IJrn

j

PB
B

E

• -l •. '.

M
It ,,,~-nol

PR
T

Y

EX

OV

,:," ;"~.~:
;~. ""
.' ','1

;. : ~~ .'

3
TYPHLOPLANOlDA

2
KALYPTORHYNCHIA

Without a proboscis (Figs 42-68)-

With a proboscis (PB, Figs 40, 41)-

Penis stylet a simple tube and 20-38 1-1 m in length (S, Fig. 41). Paired
ovaries, testes and yolk glands. Single gonopore. Excretory ducts open
into an excretory vesicle (EV) at rear end of body (Fig. 41).
Colourless/pale yellow. Length 1.6-2.5 mm- Opisthocystis goettei

Penis stylet wishbone-shaped and 111-165 I-Im in length (S, Fig. 40).
Unpaired ovary (OV), testis (T) and yolk gland (Y). Female gonopore
(FG) anterior to male gonopore (MG) which opens at posterior tip of
body (Fig. 40). Excretory ducts (EX) open directly onto body sUlface;
excretory vesicle absent (Fig. 40). Colourless/pale ye]]ow. Length
1.5-2.0 mm- Gyratrix hermaphroditlls

40
Figs 40-41. Major feutures of two species of Polycystidae (Kalyptorhynchia).

40.: Gyratrix hermaphroditus, with a wishbone-shaped penis stylet (S .
41. 0plsthocystls goettel, with a simple penis stylet (S). )

..... .. ---- -_ ..
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3 Yolk gland (Y) comprised of a single line of large cells above the
intestine (r) (Fig. 42). Single excretory duct (EX) opening ventrally at the
nephridiopore (NP) in front of the pharynx rosulatus (PR) (Fig. 42). Eyes
(E) present. Colourless/wbite. Length OA-0.5 mm-

Limnoruanis romanae

43
Figs 42-43. Major features of (WO species of Typhloplanidae (TyphlopJanoida),

42: Limnoruallis romClnae, showing a penis stylet (5) (after Kolasa ]991).
43: 0plstomwn palLidul11.

PR

M
U
Ov
G

CO

T

:
.,.

"
.

Y.' ,
,

" -,
"

.,
: '.

: ,
..
., ,
.. : "

<. . .'
"

; , "

" .. . ~'t
" "

- . '.,
I .
; .~,

R

42

GN

EX
-""'"'Im"rY

12\lID ,
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OR: Pharynx rosulatus (PR) directed ventrally, typically round (slightly
elongated in TetraceLis marmorosa, Fig. 46) and situated nearer the
middle uj the body (Figs 48, 49, SS, 60-67), although it can be distinctly
in the anterior half (Terracelis marmorosa, Fig. 46), Typhloplana
viridata, Fig. 47, and StrongyLostoma spp" Figs 58, 59), or in the
posterior half (OlisthaneLLa spp., Figs 56. 57), Excretory ducts either
open into the mouth (buccal cavity) or gonopore (genital atrium), or open
separately onto the body surface, Eyes present or absent- 6

EITHER: Pharynx rosulatus (PR) slightly oval-shaped, directed
anteriorly, and situated near the front end of the body (Figs 44, 45).
Excretory ducts open separately and ventraJly onto the body surface
about half-way or two-thirds down the body. Eyes (E) present or
absent- 5

Genus Phaenocora

Pbarynx rosuJatus (PR) elongated, directed posteriorly, and situated near
the hind end of the body (Fig, 43). Excretory ducts open by a single
nephridiopore ventraJly between the mouth (M) and common gonopore
(G) (Fig. 43). Eyes absent. Pale yellow/wbite; mesenchyme often pale
pink and body fluid greenish, Length 2,0-4.5 mm-

Opistomum pallidum

Yolk glands (Y) paired, situated on both sides of tbe intestine (l) (sbown
in Figs 43-49, 56-59, 61, 64). Paired excretory ducts (EX) (sbown in
Figs 47-49, SS, 58-61, 63-65, 67). Eyes present or absent- 4

4
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5 Pair of yellow/brown eyes (E) (rarely absent) (Fig. 44). Copulatory organ
(cirrus) without spines (Cl, Fig. 44). Pale yellow/brown; sometimes

2:reen with zoochlorellae. Length 2.5-3.5 mm-
- Phaenocora llnipunctata

6 Pharynx rosulatus slightly elongated and situated distinctly in anterior
half of the body (PR, Fig. 46). Two pairs of dark eyes (E, Fig. 46). Small
testes ventral to yolk glands (Y). Excretory ducts open into the mouth.
White/pale yellow or pale grey/brown. Length 1.0-1.5 mm-

Tetracelis marmorosa

Eyes absent (Fig. 45). Copulatory organ (Cl) with spines (SN, Fig. 45)
Pale yellow/brown: sometimes green with zoochlorelJae. Length
2.5-3.5 mm- Phaenocora typhlops

46y

G

QV

Pharynx typically round and usually situated nearer to the middle of tl1e
body (Figs 47-49, 55-68), though distinctly in anterior half in
Tvphloplana viridata (Fig. 47) and Strongylostoma spp. (Figs 58, 59) and
in posterior half in Olisthanella spp. (Figs 56, 57). Eyes present or
absent. Testes ventral or dorsal to yolk glands. Excretory ducts open into
the mouth or gonopore, or separately onto the body surface- 7

Fig. 46. Major features of Terrace/is in the Typhloplanidae (Typhloplanoida).

46: Terrace/is mannorosa.

45y

R
E

M B

PR VS, M
B

VG" c,iVS
Cl......... PR

G QV
G

T
SN

Figs 44-45. Major katures of two species of Typhloplanidae (Typhloplanoida).

44: Phael1ocora ullipullcralU. showing the male copulatory organ (cirrus, Cl).
45: Plwellocora rvph/ops, showing the male copulatory organ (cirrus. Cl) with spines

(SN).

44
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TYPHLOPLANIDAE 69

7
Eyes or pigment spots absent. Testes venu'al to yolk glands. Excretory

ducts (EX) open into the mouth (M) (Figs 47-49)- 8

Eyes or pigment spots (E) present (Figs 55-68). Testes dorsal or ventral
to yolk glands. Excretory ducts open into the mouth (M) or gonopore

(G), or separately onto the body sutface- 15
9

Atrium copulatorium (AC) and bursa copulatlix* (BC) are present.
Testes extend anterior to or lie at each side of the pharynx rosulatus
(PR) (Figs 48-54)- 9

Genus Castrada

Atrium copulatorium (AC) with one or two blind sacs':: (BS) with spines
(SN) (Figs 48-52)- 10

14

ACI, ACS, inferior and superior
atrium copulatorium

U, Uterus

BC, bursa copulatrix

aY, ovary

BS, blind sac of atrium copulatorium
DC, ductus communis

(ovo-vitelline duct)

Atrium copulatorium relatively narrow, without blind sacs (Figs 53,
54)-

*It is important to distinguish between the single bursa copulatrix and
one or two blind sacs that are adjacent when present. These structures are
part of the posterior part of the male copulatory apparatus; details are
shown in Figs 48-54. The bursa copulatrix and copulatory organ are
enclosed 111 a common sheet of muscle, whereas the blind sacs are
extensions of the atlium copulatorium. The general an-ano-ement of

, reproductive organs in the Family Typhloplanidae, with one "'ovary and
two testes, IS l!llIstrated in Fig. IC (p. 21) and described on page 22; the
text-figure IS reproduced below to assist users of this key.

DC, P. ductus copulatorius; DE. ductus cJ'aculatorius'. G common, gonopore: OVD,
OVIduct; PG, ptostatic gland; RS, receptaculum seminalis; T, testis; VD, vas deferens: VG,
veslcula granulorum: VS. vesicula seminalis; Y, yolk gland.

47
PR
M
G

CO T

I RS

D~
av

GS . % EX~-....:to.

SM
y

Atrium copulatorillm and bursa copulatrix are absent. Testes (T) lie
posteri.or to the pharynx rosulatus (PR) (Fig. 47). Green (with
zoochlorellae); young animals colourless/white. Length 0.8-1.0 mm-

Typhloplana viridata

Fig. 47, Major features of Typhloplana in the Typhloplanidae (Typbloplanoida).

47: T\'phloplana viridaw, showing the male copulatory organ (CO), with a ductus
ejacularorius (DE), granular secretions (GS) and sperm (SM). Also depicted are rod or
rhabdoid tracks (R), brain (B), pharynx rosulatus (PR), moutb (M), common gonopore
(G), testis (T), receptaculum seminal is (RS), ovary (aY), excretory ducts (EX) and

yolk glands (Y).

8
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CA STRADA 71

With one hook (H) in each of the two blind sacs (BS) (Fig. 48).
White/pale yel10w colour (sometimes tinged green with zoochlorellae).

O8 J 5 Castrada armata
Length . -. mm-

Without hooks in the twO blind sacs (Fig. 49). White/pale yellow.
Castrada luteola

Length 0.8- L.l mm-

10 Ductus ejaculatorius (DE) bifurcated (Figs 48, 49) -

Ductus ejaculatorius simple and not bifurcated (Figs 50-52)-

11

11

12

M

PRU~~
EX~

BC

Oy

48

H

T
M

PR '--..L.....""',
EX

G

49

"'"~'n<-I-- DE

BS
SN
AC

Figs 48-49. Major features of two species of Castrada in the Typhloplanidae
(TyphJoplanoicla).

48: Castrada armata (ventral view), showing the male copulatory apparatus with the
male organ (CO). atrium copulatorium (AC), two blind sacs of the atrium (BS) with
spines (SN) and hooks (H), ductus ejaculatorius (DE), granular secretions (OS) and
sperm (SM). 49: Castrada luteola, showing the male copulatory apparatus with the
male organ (CO), atrium copulatorium (AC), two blind sacs of the atrium (BS) with
spines (SN), ductus ejaculatorius (DE), granular secretions (OS) and sperm (SM). Note
that the bursa copulatrix is not shown for either species: the bursa copulatrix is very
small in C. luteola.

Also depicted are rod or rhabdoid tracks (R), brain (B), pharynx wsulatus (PR), mouth
(M), common gonopore (0), testis (T), receptaculum seminalis (RS), ovaries (OV),
excretory ducts (EX) and yolk glands (Y).
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CA STRADA

73

12 Atrium copulatorium (AC) with two blind sacs (BS) which have spines
(SN) (Fig. 50). Usually green (with zoochlorellae). Length 1.0-1.5
mm- Castrada intermedia

13 Atrium copulatorium with two large toothed structures (TS) of
complicated form. 17-21 iJ m in length (Fig. 51) (not distinct hooks as
found in tbe blind sacs of Castrada armata; see Fig. 48). Usually green
(with zoochlordlae). Length 0.9-1.5 mm- Castrada neocomensis

SM
51

D~
l SN
19\.1ID

j-TS

SM 50
DE

BS
SN

---AC

BC
13Atrium copulatorium with only one blind sac (Figs 51, 52)-

Atrium copulatorium without such structures (Fig. 52). Green (with
zoochlorellae). Length 0.5-0.6 mm- Castrada viridis

14(9) Entire bursa copulatrix with spines (Fig. 53). Usually green (with
zoochlorellae). Length 0.6-0.8 mm- Castrada stagnorum

Only stalk of bursa copulatrix with spines (Fig. 54). Pale yellow/grey
colour. Lengtb 2.0-3.5 mm- Castrada lanceola

,......,~-SM

~-,..4-L-_ G S

DE

SS

-+---AC

52

53

GS54

DE
. -AC

FlgS 50--54. Major fea.tures of the male copulatory appa('atus
C of five species of

astrada In the Typhloplanidae (TyphlopJanoida),

~O: Casrrada i/1.tennedia. 51: Casrrada neocmne/I.S·I·," ,
3 C d ' 52: Castrada I/iridis.

:l: astra a sragnorum. 54: CastrcuJa Icmceola.

Atrium copuJarorium (AC) b . .. • one or two Imd sacs otthe atrium (BS) 'tl .
~~~a) COPUhladtrix mC), ductus ejaculatorius (DE), granular secretions~IG~~p~~~ss~S:~

, toot e Stlucture (TS) 111 C. neocomen.sis.
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RHYNCHOMESOSTOMA: OUSTHANELLA 7S

57
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Pigment spots absent. One pair of dark-red to black eyes (E, Fig. 57).
Colourless/pale yellow. Length 1.0-1.3 mm- Olisthanella tnl11cula

Anterior tip of body not l'etractable (Figs 56-68). Testes dorsal or ventral
to yolk glands. Excretory ducts (EX) open into the mouth (M) (Figs
58-68) or separately onto body smtace (not ilJustrated in Figs 56.
57)- 16

Pharynx rosulatus in anterior half or middle of the body (Figs 58-68).
Testes dorsal or ventral to yolk glands. Excretory ducts (EX) open into
the mouth (M) (Figs 58-68)- 18

17 Anterior end with large pigment spots of irregular shape; usually 1-3 in
number but sometimes fused into one mass; dark in transmitted light
(PGS, Fig. 56). Pale yellow/brown. Length 11-1.5 mm-

Olisthanella obtusa

J5(7) Anterior tip of body retractable (RAE, Fig. 55). Testes ventral to yolk
gJands. Excretol)! ducts (EX) open into a common gonopore and
nephridiopore (G+NP) (Fig. 55). Colourless/pale yellow/pale red.
Length 1.5-3.5 mm- Rhynchomesostoma rostratum

16 Pharynx rosulatus (PR) distinctly in posterior half of body (Figs 56, 57).
Testes (T) dorsal to yolk glands (Y) (Figs 56, 57). Excretory ducts open
separately onto the body surface, posterior to the mouth and
pharynx- 17

Genus OListhanefla

Figs 55-57. MaJ'o' fe t l' h
• I a ures O' tree species of TyphJoplanidae fTyphloplanoida),

55: RhV/1chomesostomCl ro,HratWll. 56: Olisthcmella obtusa. 57: OliHhanolL
Irullcula. ' ~ ·CI
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77
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Pharynx losulatus (PR) nearer to the middle of the body (Figs 60-68).
Testes (T) dorsal to yolk glands (Y) (shown in Figs 61, 62. 64)- 20

Without such a pit and canal. Colour of body much paler (Figs 61-68)­
21

Genus Mesostoma

Only distal part of ductus ejaculatorius (DE) with spines (SN) (Fig. 59).
Anterior end of body not widened (Fig. 59). Pale yellow/grey to red/dark
brown; oil droplets and dark concretions may be present. Length 0.9-l.5
mm- Strongylostoma elongatum

20 With a ventral pit in anterior part of body, and a canal (ductus
spermaticus) directly connecting the bursa copulatrix to the ductus
communis (ovo-vitelline duct) (see p. 69 for locations of BC and DC).
Dark chocolate brown/black with paler front end, and two pigment-free
areas (PF) in the region of the eyes (E) (Fig. 60). Length 4.0-5.0 mm-

Bothromesostoma personatum

19 Whole length of ductus ejaculatorius (DE) with spines (SN) (Fig. 58).
Anterior tip of body slightly spatulate or fan-shaped (Fig. 58). Pale red:
yellow and red oil droplets in gut and mesenchyme. Length 0.7-1.5
mm- Strongylostoma radiatum

18 Pharynx rosulatus (PR) distinctly in anterior half of the body (Figs 58,
59). Testes (T) ventral to yolk glands (Y) (Figs 58, 59)- 19

Genus Strol7gylosroma

Figs 58-60. MaJ'OI f t f' h_ . ea ures 0 tree specIes of TyphJoplanidne (TyphJoplanoidnJ.

;,8: Snongy!ostoma radiatwn, Showing the mnle copulatory oroan (CO) . h .
(SN) along the length of the ductus eja~uJmolius WE) 59- StrOl:g)'Lost ,wilt spines
showino the n I J . .•. . oma e ongatum
. . ". I ne copu arory organ With spines alono the distal 3rt of the d '
eJnculatonus (nbbreviations as above) 60' B I1 '. ~ p uctus

. • 0 11 omesosIOI1W persOllarum.



Sides of body drawn out into four longitudinal ridges (Figs 61, 62).

Colourless/pale yellow-red. Length up to 10 mm-
JWesostoma tetrago llum

KEY TO KALYPTORHYNCHIA AND TYPHLOPLANOIDA

. t' the body is rido-ed or keeled in cross section (Figs
At least pal t 0 c:: 22
61-63)-
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23

B dy with a dorsal and a ventral keel though anterior end is dorso­

v~ntrallY flattened (Fig. 63). Pale yellow/brown. Length 4la·°ty-4·5hma~l1n*
Mesosto ma peep

. . p
*There is only one doubtful record from BntalO; see p. _.

Body not ridged or keeled as above (Figs 64-68)-

21

Figs 61-63. Major features of two species of Typhloplanidae (Typhloplanoida).

61: Mesostoma letragollwn (after Graff 1913), showing ventral edge of body (VE)

and dorsal edge (DB) viewed through the animal, excretory duct (EX), eyes (E),

subitaneous eggs (EGS), mouth (M), pharynx rosulatus (PR), testis (T) and yolk

glands (Y). 62: Mesostoma tetragollul71. transverse section showing the four

longitudinal ridges of the body and dormant eggs (EGO), excretory duct (EX),

intestine (l), pharynx rosulatus (PR). testis (T) and yolk glands (Y).

63: Mesliswma plmvcep!w!ul7l (afrer Graff J9(9). with two transverse sections

depicting the presence and absence of dorsal and ventral keels.
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MESOSTOIvIA 81

23 Body t1attened and leaf-like (Fig. 64). Colourless/pale yellow. Length u~

to 12 mm- Mesostoma ehrenbergll

24 Anterior tip of body rounded (Figs 65, 66). Pale yellow/brown. Length

up to 7 mm- Mesostoma lingua

EGD

EGS

67

68

B
E

PR

n~~niTEX

M
G

Anterior tip more acuminate (Figs 67, 68). Body more darkly pigmented;

yellow/brown with ventral side darker than dorsal side. Length 2.5-3.0

mm- M -esostOI1Ul prodltctum

Figs 65-68. Major features of two species ot'Typhloplanidae (Typhloplanoida!.

65: MesoslOma lingua, with dormant eggs (EGD), a common gonopore (G),

mouth (M). pharynx rosulatus (PR) and excretory ducts (EX) 66 11
. . . -,. ; I e.l'o.l'lol77a

lingua. depicting the presence of subitaneous eggs (EGS) (see p. 110).

67: Meso.Homa prOdUCTLlnl' abbreviations as above 68' I'A, I
. , ' . . y,eSOHoma pro( LlelL/m.

depicting the presence of subitaneous eggs lEGS).
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Body rounder in cross-section (Figs 65-68)-

fig. 64. Major features of MesoSlOmll ehrenbergii in the family Typhloplanidae

(Typhloplanoidal.

64: MeSO.l'lOl11l1 ehrenbergii ventral view (after Graff 19(3), left side showing

subitaneous eggs (EGS; see p. 110) and right side showing uormant eggs (EGD).

Other abbreviations are listed on pp. 40-41.
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Hyman (\951) states that microturbellarians detect the presence of inwct ·prey
(i.e. not emitting body fluids) either by direct contact with chemoreceptors or
by the disturbance created in the water by the prey. The chemical perception
of fluids from damaged or recently dead prey is by chemorecepwrs,
particularly those in sensory areas such as the ciliated pits of Sterwstomwn and
the CL hated grooves of Phaenocor(l and BOfhromesostomo. More recently,
Wrona & Koopowitz (\ 998) can-ied out a detailed study of Mesostoma
ehrel1bergii, and concluded that mechanical rather than chemical stimuli are
likely to be the primary cues responsible for prey recognition and initiation of

capture and feeding behaviour.

Capture of prey
In catenulicl microturbel131ians such as Stenosfomwn ancl Macrostomum..
which possess a pharynx simplex (p. 18), small food items are swept back into
the pharynx by the large cilia surrounding the mouth; this is capable of great

distension, and food is engulfed whole. The more complex types of pharynx
(pp. 18-19) are equally adept at seizing small food items and also can
penetrate the integument of larger prey. Thus the ph31·ynx doliifonnis of the
Dalyellioida can be distended but is not very protrusible, and there is a
tendency for food items to be swallowed whole. The pharynx rosulatus of the
Typhloplanoida is oot very distensible but is partly protfusible. Whilst small
items are ingested intact, the protruded pharynx is applied to the body wall of
larger prey and pushed through some weak spot; the body fluids and tissues
are then sucked up into the gut; Wrona & Koopowitz (1998) provide a
comprehensive account of prey capture and feeding by M. ehrenbergii. The
highly protrusible pharynx plicatus of the Proseriata is inserted into prey and
contents ,lre sucked out by peristaltic action. Microturbellarians attack larger

prey individual1y but, sometimes, the initial attack is followed by a mass

attack by numerous individuals (Mead 1978).
Some species of typhlop\anid rhabdocoels. e.g. Mesostoma lingua and M.

ehrenberg ii, use different strategies to capture prey (B laustein & Dumont
r 1990). (0) Trapping by mucuS: as the rhabdocoel moves along the substratum,
mucuS is deposited and entraps prey (Steinmann & Bresslau 1913; Graff
(913). Also, microturbeJlarians that glide along the underside of the water
surface in small waterbodies, such as ponds and pools. iUay slowly sink in the

\
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water column, depositing a mucous thread or web which - .
prey (Schwartz & Heb. 98'7. tlaps open-water

. 1 ell I -). (b) Active searching: microturbel1arians
m~vrng a ~ng the substratum or dropping at the end of a mucous thread detect
<In onentate towards a prey organism (Bauchhenss 1971' Schwar·tz & H b
198'7 1986) (,) S.' ,eert_, . c It-and-watt or ambush !'Jredation· l·h'\bdocoel .d d· h ., s remarn
suspen e ID t e water by their mucous thread . .. .
ve2.etation, to attack . ' .01 waIt rn cover, such as
B'- I J933 prey as It passes by (Stelomann & Bresslau 1913·
· ress all ). (d) The use of a toxin: the mucus produced by M fin ua i '

~)~~~on,ous and prey can be overcome on direct contact with the rhabJocoe~
c ,wdrtz & Hebel t 1986) or by dIffusion of the poison from mucous webs

(Ca~e & Washlllo 1979). Dumont & Carels r1987) have d . "
h~bo~·atory, that the substance diffusing from mucus is a ne~:~~~~~a:~;c\~ ~:~
p,lla yse prey. The toxin decomposes rapidlv and "t· .. .t. I 0' I S rnactlvatlon rate IS

S lOng y temperature-dependent. The effect of the to .. " .· f Id ."" XJO on pley commUnItles
In le condltlOns remalOS uncertain. Interestin<rly W & K .
(1998) found no evidence for a special chemica7 'ara rona, OOpOWltz

ehrenb~lti. The apparent paralysis seen in cJadocer~ns ;;~sl:~S~:~;o~~.~:~
was pm t y a behavlOural response of the prey in 'play" ,
by immobilization of the prey by mucus produced b

r
tnh

g
Phosbsdum . and partly

Sec. fK' Y era ocoel.
p les 0 alyptorhynchw use the anterior proboscis to capture the·

~~a~~~fs l~6~~; ~JS~: :rorhynchus swgnaLis and Cyratrix heJ7naphrodi;i~:~:~
· . y 0 sw prey. In the latter species, the proboscis momentaril
arMdheIes to the prey whIlst the stylet is protruded and pushed into th y

ead & Kolasa 1984). e prey

Digestion

Jennings (1957, 1968, J974) studied di oestion in tw . .. . .
Sfenostomum and Macrostomum c, 0 umdentlfIed speCIes of
t. . ' and 10 Mesostoma tetragonwn In the last
wo mlcroturbellanans dioesf .. " .
proteolysis, althouoh th.s '" Ive enzymes IOJtJate extracellular (intraluminar)

'" l. was not proven unequlVocally for M t t I
Stenostomum. the extracellular disintegration of food· I ~ ~ ragonum. n
through contraction of the out d . b IS arce y mechaOlcalc an entIre ody. In all three . h
extracellular process reduces tile t· d t .. speCIes, t e. 00 0 a partlcle size "1 bl '
phagocytosIs and intracellular digestion. . aval a e tor
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Diet
. . d t '1 of the diet of freshwater microturbellarians are

With
l
a ~~~:~c~~~~ni~~fO~:t~on is based on incidental observations ~f the gu~

pOOl Y f.·.. 1 collected ['rom the field for taxonomiC or othel types 0
contents 0 anlma s I h h th \I feed
. ,... . on items eaten in laboratory cultures. A t oug e J

InvestigatIOn, 01 ., . '. b llarians have been observed
mostly 00 intact, I1Vl~g or:aDlsms~~~~~~~:r1~70), and some workers claim
feeding on damaged 01 dylnc prey ( '. aten b some species

d d . 'f not excessively decomposed, IS also e Y
~:a~ e~i(r,~::;olmum lineore, Plagiostomum lemani, Botlh9'6·oOI~te~'o~~.~I~~

."'. . I 11 - ' la Oenninos 1957; Luther, , c ,
personatum, Oilstwne a 1ILl/1UI b. . . . l'kely to
1981b: Heitkamp (982)). However, consumptIon of !Ive pley ]s, 1 'n the

. d minate. The food eaten by the microturbellanan species that occur I .
pIeo. , d' Table 3 which has been compIled trom
British Isles is presente In , .., I f
information appearing in scattered publications dedahtn

g
a
wI'I~t:~J:~eSnt r~l:

. N th and South Amel1ca, an , 0 "
contrnental Europe, 1 ~r 19')~' Haffner 1925; Ruhl 1927; Marcus & Marcus
BntJsh Isles (RelslOgeJ _J, " . 1957 1968' Rixen 1961 1968;

9-] Luther \95'1 1960 1963; Jeomngs. , " '
~~'li'ng 1963; B;rkott 1~no; Bauchhenss 197 J; Heitkamp 1972a, I~~8~
1982; Young 1973b, 1978 and unpublIshed; Watson 1976, ,GOltenb0

981b
.

He'tkamp 1977' Collins & Washino 1979; Maly et al. \980, Schwank I 8:
1 & H b t 1982 1986 Mac Isaac & Hutchinson 1985; lngole 198 ,

~~~:~~~~ 199~; e~ laustein & Dumont 1990; Dumoot & Schorreels. \~90:

S h
'd A a & SClll11id 1995 7000' Beisner et ai, 1996, 1997a,b, Wlona &

c ml - ray' , - , b . Is in
Koopowitz 1998). For five of the species the food eaten y aOlma

laboratory studies is alsoshown.. 'h
, . .' I by tile Catenulida thouoh they also teature 10 t e

Bactena are eaten maln y ~ .
diet of small individuals of other species, such as Ceocentr~phol(/ spp.,

I
." '1" Oil' ,·thanella truncula and Lunnoruanls IOmanae, and

Prorhvnc ws ,\wgna IS, 0,

roba'bl others. The catenulids also consume single-celled algae: protozo
ans

.
~otifers ~nd other small animals. Macrostomid speCIes appear to eat alg~e such

d
. .. d deS[111'ds protozoans rotifers, nematodes, small, ollgoc laetes,

as wtoms an " .' k to
turbel1arians. crustaceans and insect larvae. Microstomum llI1eCl{'e ISd nown

theH . I' and to use the hydroid's nematocysts, p ace In ~
eat H /(I .'. ,. (0 Kepner et a/. 19.:)8:
microturbellarian's epIdermIS, to captule pley e.~.. '

K
.J' ° 1(66). Little is known about the food eaten by PlaglOstomWn lemal1l,

~u ll1~ ':J I' ' I appear to be
Bothrioplana semperi and Otomesostonw Clue Itlvum; Dey, L •• d'
"arnivoroLls includinQ: small oligochaetes or crustaceans In tlheu let

l
'
lv 'v I' t'f 'S and ot ler sma

Ceocentrophora and Prorhvnchus eat a gae, 10 I el

invertebrates such as oligochaetes; C. sphyroceplwla is reported to consume
protozoans, rotifers, microturbelJarians and cladocerans. Dalyelliid species
include mainly algae, protozoans and rotifers in their diet, although
nematodes. oligocbaetes and microturbellarians are eaten by some species.
TyphJoplanid rhabdocoels are mainly carnivorous, eating a variety of small
invertebrates although some. for example Castrada viridis. LimnorllClnis
romanae, Stongylostoma spp. and Tvphloplana viridata, also consume algae.
The ventral sLllface of Bothromesostoma personatum is flattened and this
allows the animal to cling to the undersurface of the water-film, where it feeds
on trapped terrestrial insects. Kalyptorhynchian species are carnivorous, with
small crustaceans dominating the diet.

A few detailed investigations on diet have been made. Young (1973b)
studied the food eaten by Phaenocora typhlops living in a small English pond.
[n laboratory experiments, potential food organisms held in dishes were
exposed to attack by rhabdocoels. The gut contents of field-collected animals
were identified by microscopy and by a serological technique, the precipitin
test. Tubificid oligochaetes were the main prey of the rhabdocoeJ. A similar
study of Phaenocora unipunctata, living in a temporary English pond, again
revealed that tubificids, followed by Iumbriculicls, were the main component
in its diet, though cladocerans and chironomid larvae were eaten to a limited
extent (Young 1978).

The most detailed laboratory studies on diet and feeding preferences have
been carried out on Mesostoma spp. Mac Isaac & Hutchinson (1985) found
that M. lingua from a Canadian tundra pond fed heavily on the cladoceran
Daphnia pulex and the chironomid Chironomus riparills, but not on the fairy
shrimp Branchinecta paludosa or the copepod Diaptomus arctica.
Interestingly, the addition of vegetation, which provided habitat complexity,
resulted in increased predation rates on their prey, contrary to what might be
expected. This was explained in terms of the entanglement of prey which,
when dying or dead, would be accessible to the microturbellarian. Schwartz &
Hebert ( 1986), using M. lingua from a low arctic Canadian pond, also found
that cladocerans (Daphnia pulex and SimocephaLus vetuLus) were the preferred
food, but the small copepod Diaptomus tyrreLLi was also eaten. Larger
copepods (Diaptomus spp.) and the chironomid Anatopynia sp. were scarcely
eaten. The rate of feeding by M. lingua is temperature-dependent (Dumont &
Schorrells 1990). Mesostoma ehrenbergii collected from Canadian ponds fed
on six different cladoceran species (Schwartz & HebeI1 1982), and on the
cladoceran Daphnia magna, larval mosquitoes (Aedes) and the annelid Tubifex
rtlbifex (Wrona & Koopowitz 1998).
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Table 3. The food of microturbellarian species thar occur in Britain and Ireland. based mainly on

studies of populations in conrincnral Europe and Amenca.

P/weIlOCO/'{l tvphlofiS

Plwef10caa ltnipullcwtCI

Castl'llda arll/MO
Caslrada inteJ·l71e(lia

Castrad{/ lallce%

Castl'llda /uteo/a

Cas/rada f1eocumellsis

Cl/slrada S!ngnoflfJ1l

MesoslOn!a ehrellbergii

tltlesosloma p/arycepha/ul1I

MesosfUmo prodltCflIl11

/v!esos(oma relfllgoltllln

OlisrJumella ol>tltsa

O/isrhanel/o truncul"
Opistomltlll pal/idum

IVlesOSfUma ling/Ill

Microdo/vel/ia (lrllligaa Green algae. desmids. diatoms. flagellates. rhizopods, ciliares.
rotifers. microturbellarian$, small oligochaetes

,vIiClOdalrel/ia vrevillulIw Green algae. diatoms, rotifers
MiclOdu/yel/ia Ji:I.irchi/di Green algae. diatoms. ciliates. rotifers
."vIicmdll/yel/i{/ sc/III/idti Green algae. diatoms. rotifer$
RHABDOCOELA:TYPHLOPLANOlDA
Botl7lOmeSOsfOlI1a /iersUflllfllm Naidid oJigochaetes. cladocerans, Collembola. ephemeropteran

nymphs. mosquito larvae. terrestrial dipterans trapped at
water surl'ace

Mainly cladocerans but also naiclicl and tubificid oligochaetes.
large rotifers. fairy shrimps, mosquito larvae

Mainly cladocerans and copepods (including larval $tages) but
abo oligochaetes, ostracods. $ll1all insect larvae
(chironomids and mosquitoes)

Unknown
Small cladocerans, copepods (particularly larval stages)
Small. oligochaete$. microcrustaceans. insect larvae
Ciliates, rotifers. oligocllaetes
Bacteria. rotifers, nemarode$. oligochaetes
Naidid and Lubificid oligochaetes; (in the laboratory, freshly

dead crusrace'lns, molluscs, insect larvae)
Tubificid oligochaetes; (in the laboratory. squashed lumbriculid

oligochaeres. cladocerans, chironomids. chaoborids;
occasional ostracods, snai Is)

Mainly rubificid and lumbriculid oligochaetes. but also
flagellates, cladocerans. chironomid larvae.
microturbeIJarians (dalyelhoidan species.
Rhyncl7omesustonw, Gymtrix)

Rh)'lIchomesostollU/. rostratL/l1l Oligochaetes, cladocerans. copepods (including larval stages),
microwrbeJlarians, mosquito larvae. orher aquatic insects: (in
the laboratory, additionally, ostracods)

Flagellates, rotifers
Ciliates, rotifers; (in the laboratory, additionally, c1adocerans,

larval stages of copepods)
Ci] iares, rotiIers
Ciliates, flagellares. rotifer$
Flagellates, fotifers
Rotifers, nematodes. small oligochaetes (Ae1osoma), rarely

single-celled algae
Castrada viridis Diatoms, ciliates, flagellates
Limllunumis romUlwe Bacteria. diatoms, rotifers
Strollgy/oslOma eloJ1gw/lrJ) Desmids, diatoms, cJadoceran$
Stml/gy/ostuma mdiM/lm Diatoms, cladocerans
Tetmcelis mill'lllom.m Rotifers. small oJigochaetes, small cladocerans and copepods
Tvph/oplcma I'iridaw Green algae. rotifer$
RHABDOCOELA:KALYPTORHYNCHIA
G"ratrix hernwphmdirus Copepods (including larval stages), some cladocerans
Opisthoc\'stis goettei Copepods (including larval $wges). some cladocerans

Bacteria, algae, small oligochaetes
Bacteria. green algae. desmids. diatoms. rhizopods.

microt~rbellari;ns. rotifers. nematodes, $n1all oligochaeles.

ciadoceran$
Bacteria. algae. microturbellarians, oligochaetes

Oligochaeles. microcruslaceans

Green algae. desmids, diatom$. rhizopods, ciliates. tlagellates.

rotifel~. microturbellarians, small oligochaetes. small

c1aLioceran$
Green algae. desmids. diatoms. ciliate$. Ilagellates, rOlifers
Green al;ae. desmids, diatoms. rhizopods. ciliates. rotifers.

micro;urbellarians, small oligochaetes, small cladocerans
Green algae. desmids. diatoms, dliates. tlageilates. rotirers.

$mall oligochaetes. small cladocerans
Hvdra. mic;'orurbellarians (e.g. Cieys;:,lOria. Iv/icmdalyel/iu,

. GVJ'atJ'i.~). rotifers. nematodes, oligochaetes. copepods.
c!·adocerans. OSlracods, insect larvae and nymphs
(e.g. chironomids, ceratopogonids. ephemeropteransJ

Bacteria
Bacteria
Bacteria. tubificid oligochaete$, dipteran larvae

Bacteria. algae. rotifers
Bacteria. algae, flagellates. rotifers
Bactena. green algae. desmids. diatoms. rhizopods. flagellates.

ciliates. roti fers. microcrustaceans and microturbellanan$

(e.g. catenulids, CClStrada, Gymtrix)

Bacte~·ia. green algae. fiBgellates, rotifers

Food

Gieysno";a rubra
Gieys-:.torict triquetra

Bothriof!/ana semperi Oligochaete$
Ornn!esos(()/i1(/ (/uditivun! Oligochaeles. microcrustaceans

RHABDOCOELA: DALYELLIODA
Castrel!(/I!'IIncel/a Green algae, diatoms, ciliates. flagellates. rotiCers. nematodes
D"II'el/i" ,'iridis Algae. animals (e.g. microturbellariansJ; (in the laboratory.

. fre$hly dead oligochaete$. mollu$cs)

Gieys?/ori" diadellw Algae. flagellates. rotifer$

CievSz.lOr/u expedifll Algae
Gie:"snoria illjillldibnfij'ormis Algae, flagellates and orher protozoans. rotiters,

microrurbellarians,
Green algae. diatoms. tlagellates. rotifer$
Diatoms. flagellates, roufers

ProrhvllchltS stCIgl/aLis

PROSERIATA

PROLECITHOPHORA
P/agios(()m.wn le117wli
LECITHOEPlTHELIATA
Geuceml'Ophol'll ba/lica
Geocentroplwra sphwucepha/a

IVlacruslOnHffl/ ju/mi
/v/'lICl"()SlVlntflJ"l rUS/I"all/m

tIt/aerOStlJl1lLffl/ wba

MicWSfOIJ1LI1J1 /il/eare

Stel10stolHWll ullico{or

MACROSTOMIDA
A4CfCJOSlonlLfI1/ disJinguendwn

CATENULIDA
CUIenilia lelJl1We

SuolllilW rctrgid{/
RIt.\'IIc!zoscolo simp/e.\'
Srel1()S{()11111l11 (I',l1lirr)Sfl"UI11

Stel/ostuliHfIJI gmbbskugel/se

Stel/oStIJlI1ffl/1 leffcups

Species



Impact of microturbellarians on populations of prey organisms

Mesostonw species are voracious predators on crustacean zooplankters,

particularly cladocerans, and individual specimens of M. lingua and M.
ehrenbergii respectively can consume more than 5 and 10 waterfJeas per d.a

y

(Schwartz & Hebert 1982: Dumont & Schorrells 1990). When these speCles
occur at hi 0"11 natural densities (Maly et Cl/. 1980; fYIac1saac & Hutchinson
1985), this" genus of rhabdocoelsmay have an impact on zooplankton
communities. Based on laboratory and field studies, Maly et Cll. (1980) suggest
that M. ehrenbergii might affect the population dynamics of zooplankters,
particularly cladocerans, in small ponds, especially those with a high surface
to volume ratio and a moderately high turbellarian density (more than
200-300 per m2). From laboratory experiments, Schwartz & Hebert (1986)
concluded that the influence of M. lingua might be important in pond
zooplankton communities, producing a shift in dominance away from.
cladocerans such as Daphnia towards larger calanoid copepods. DenSities of
M. lingua regularly were negatively correlated with those of cladocerans, but
not with copepods, in Californian rice-field enclosures (Blaustein 1990). In

In generaL laboratory studies have shown that MesostolJW spp. feed more
on cladocerans than on copepods. and they particularly eat cyclOpOlds, I~rge
ca1anoids and ostracods (Rocha et al. 1990). The reason for thlS food
preference is uncertain and controversial, with prey size, behaviour and
morphology being implicated. For example, Schwartz & Hebert ( 1982) found
size-dependent predation for M. ehrenbegii feedlOg on cladocerans (see
above); small animals were ignored and it was unable to catch large prey. Mac
{saac & Hutchinson (1985) claim that the low predation rate by M. lll1guCl on
fairy shrimps and copepods in their experiments was due to vigoro~ls escape
mechanisms, including violent jerks and hops. Rocha et al. (J 990) found that
an unidentified Mesostonw sp. was able to eat an ostracod species that had a
smooth carapace and a wide gap between its valves, but not a species with a
spiny cmapace and a narrow gap. The fact that M. lll1gua can paralyse Its prey
with a neurotoxin (p. 83) would suggest the potentIal to capture all types and
sizes of prey. It is possible, however, that the effect of the toxin might vary
according to prey type. Interestingly, high densities of Mesostoma lmgua
sometimes have been found coexisting with favoured prey orgaDlsmS such as
Daphnia. which might suggest the occun'ence of toxin-resistant 'strains' of
DClphnia or that some 'strains' of M. linguCl do not produce toxm (Blaustem &

Dumont 1990).

Effects on mosquito larvae - biological control

Several studies have shown that Mesostoma, a worldwide genus (Hyman &
Jones 1959; Young 1976a: Lanfranchi & Papi 1978) eat mosquito larvae
(Kolasa 1978; Kolasa er af. 1985), and their use in the biological control of the
lDsects. which are agents of various human diseases, has been investigated.
Based on laboratory and field studies, Mesostoma lingua has been shown to
eat mosquIto larvae (Culex and Anopheles) and has a negative correlation with
theIr numbers in commercial rice-fields in California (ColJins & Washino
1978, 1979;. Case & Washino 1979; Legner 1979a; Palchick (984). Blaustein
(1990) prOVided direct experimental evidence for an impact of the rhabdocoel
on larval mosquito populations. Mesostoma depressed numbers of larvae but

laboratory experiments, a high temperature (25°C) destabilised the population
dynamIcs of M. ehrenbergii and DaphniCl pulex, with eventual extinction of
the cladoceran. At a lower temperature 08°C), the DClphnia population
perslsted. ant.! the rhabdocoel induced changes only in age structure of the
cladoceran, rather than affecting overalJ biomass (Beisner et ut. 1996). In a
further sophisticated experiment llsing the same two temperatures and five
different food levels, Beisner et al. (1997a) concluded that the differential
elt'ects of !\If. ehrenbergii on the dynamics and structure of its prey could be
attnbuted to changes in life-history, physiological rates and reproclucti ve
strategy (production of subitaneous or dormant eggs - see p. llO) employed
by the rhabdocoeI at the different temperatures.

Another example of the negative effect that rhabdocoel predation can have
on prey densities includes the evidence obtained by Young (1975a; 1977a) that
Phaenocora typhlops (p. l05) and, perhaps, Ph. unipunctClw, control or have
a severe impact on their oligochaete prey in ponds. Finally, Kusch &
Kuhlmann (1994) and Kusch (1998) provide a good example of how the
seventy of predation pressure by microturbellaians manifests itself in a prey
orgamsm. The presence of Stenostomwn unicolor (referred to as its synonym
S. sphagnetorum 111 the publications) induces morphological changes in the
cIlwte EupLotes octocarinatus, which alters from a typical ovoid form into an
enlarged 'winged' form. This diminishes the risk of predation on the ciliate but
Incurs a demographic cost; generation times are increased and population
growth rate is reduced. Stenostomwn releases a 17.5 kDa peptide in the
surroundll1g medlLlm, which activates the morphological transformation of
EupLotes (Kusch 1993).

89FEEDING BEHAVIOUR AND FOOD
BIOLOGY

88



SYMBIOTIC ZOOCHLORELLAE

Several species of marine tllrbellarians contain endozoic algae, and the
symbiotic relationship between alga and animal has been studied in some
detail for the acoelans Amphiscolops and, particularly, Convolu!a (e.g.
Provasoli et ai. 1968; Taylor 1971; Nozawa et al. 1972; Muscatine et ai. 1974;
Holligan & Gooday 1975; Douglas 1983). In the freshwater environment,
many workers have reported the presence of zoochloreJlae in the tissues of

predation pressure changed seasonally, being low in autumn. . .
Other species of MesoSlOma also may have potential as bIOlogICal control

il2ents of mosquitoe larvae (Aedes, Anopheles, Cule,c, Culisera and
T~:wrh\'l1chites).These include Mesosroma appil1wn Kolasa & Schwartz from
Austn~ia. M. rimbwlke Kolasa & Mead and M. wanwn Kolasa & Mead, both
from Papua New Guinea, and M. ::.ariae Kolasa & Mead from Africa (~ead
1978: Kolasa 1984, 1987). In laboratory experiments, Kolasa (1984) found
there were differences in the efficiency of Mesostol7W species at capturing
prey, attributed to different sizes of the predator species and to their

behavioural and structural characteristics.
Detailed laboratory studies have shown that Mesostoma species have great

potential as biological control organisms. They have a high intrinsic
reproductive rate (Ro) and innate capacity to increase in numbers (rm) (Kolasa
1987). Their overall growth is several times faster than that of tnclad
t"latw0ll11S, such as Dugesia dorotocephalu. which also have been studied as
potential biological control agents of mosquitoes (e.g. Yu & Legner 1975; Tsai
& Le2ner 1977; Legner & Tsai 1978). Mesostoma z.ariae has a high feeding
rate ~n mosquito larvae, consuming 10 to 14 fourth-instar larvae per
individual each day; it 11as relativeJy few predators and a reasonably long life­
span, averaging 70-80 days, with the longest span at 143 days (Mead 1978).
Juvenile Mesoscoma readily eat mosquito larvae and, interestingly, Kolasa
(1984) observed that in field situations there is a high percentage of juvenile
worms in populations of multivoltine Mesosloma. This may be a crucial factor
in reducing mosquito populations, particularly in temporary habitats where
only one or a few generations of the turbellarian and univoltine species of
mosquito develop. [n such circumstances, only the juveniles of Mesostoma
may have an opportunity to feed on mosquitoes before the insects complete
their life cycle. Lastly, Mesostoma produces resting eggs (p. 110) which can
resist desiccation and adverse conditions, and assist in the dispersal of the

species (p. 95).

microturbellarians including Castrada, Dalyelfia, Plwellocora and
T\'p/~loplal1({ (e.g. Sekera 1904; Couvreur 1915: Limberger 1918: Reisinger
192_1; Choclat 1924: GenevOls 1924; Haffner 1925; Gelei 1927: Middelhoek
1948; Luther, (963). However, very few studies have examined the alo-a-
animal relationship. Q

Eaton & Young (1975) and Young & Eaton (1975) carried out detailed
field and laboratory studies of the symbiotic relationship between the alga
Chlorella \'ulgaris var. vulgaris (Chlorococcales) and the rhabclocoel
Phaeonocora typhlops, in a smaJl English pond. The alga exists in a hee­
Iiving state in the pond. The microturbelJarian is present i~ the pond for most
01 the year but overwinters in the cocoon phase (p. 105). The source of alo-ae
infecting Ph. ryphlops was tubificid WOlms eaten by the rhabdocoel. The
initial infection of hatchlings by algae occurred in the pharyngeal region. and
subsequently spread posterioriy. The rate of infection of the popu lation was
rapid, bell1g complete in 4 to 5 weeks after animals had hatched from cocoons.
An average of 76,000 algal ceJJs per animal was recorded at 36 days after
hatchll1g but thiS value had halved by 66 days. The decline was attributed to
digestion of algae by the host during a period of acute food (tubificids)
shortage 111 the host's life (p. 105). The symbiotic relationship is not obl igate
for ei ther partner.

Both partners benefit from the algal-invertebrate symbiotic relationship.
For the rhabdocoels, the presence of algae Jeads to reduced body shrinkage
rates, compared with uninfected animals, during periods of food (tubificid)
shortage (p. JOS). The microturbellarian may utilise substances secreted by the
aJgae and/or actually digest its symbiont (see above). There also may be
lllcreased surVIval 1I1 conditions of oxygen depletion, as experienced in mud
where the animal lives. For the algae, the pond environment is unfavourable
for free-living cells as they sink in the anoxic mud, where they are aJso
depnved of light. But the presence of Ph. typhlops allows the size of the
total algal population in the pond to be increased over a limited period of the
year.

. The contribution by the algae to the microturbellarin host's nutrition, by
plovldlllgphotosymhetlc carbon, and its respiration, by producing oxygen,
was confIrmed .In later studies on other microturbel1arian species. In
laboratory expenmenrs, Heitkamp (J 979a) found that both Dalvellia viridis
ancl D. penicilla (Braul1) respire oxygen produced by the'if Chlorella
symbloms. The consumption of oxygen in darkness by D. penicilla is lower in
specJmens with symbionts than in those without. Up to 50% of tbe oxygen

9lSYMBIOTIC ZOOCHLORELLAE
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consumed by D. viridis can be provided by its algae. DalyelliLl viridis with
zoochlorellae endured anaerobic conditions for a longer time than iVlesOSlOI71CI
lil1SLlCl and Op;sromw11 pllllidul11 , which lack the algae. Interestingly,. in
another paper, Heitkamp (1979b) found that D. viridis, possessmg
zoochlorelbe, had a higher respiration rate than another three species ­
Mesostoi71a ehrenbergii, M. finguo and O. pallidwn, which did not have
endozoic algae: the svmbiotic algae may contJibute to the observed high rate.

In a lab~ratory s~udy, Douglas (1987) found cells of the alga Chlorella
vulgaris in the mesenchyme tissue below the epidermis in the rhabdocoels
D. viridis and Typhloplana viridaw. When both microturbellarians were
cultured for 15 days in either continuous illumination or in darkness, the dark­
treated animals were 30-60% shorter. The algae in both species fixed carbon­
14 by photosynthesis, 30-40% of which was transported to animal tissue.
Freshly isolated algal cells released photosynthate, predominantly as maltose.

PARASITES

Little is known about the occurrence of parasites in freshwater
microturbellarians. An early publication by Graff (1903) considered the
turbellarians as both parasites and hosts. General statements are sometimes
made about their presence but these lack specific derail. For example, Pennak
(1978) states that ciliates, gregarines and nematodes are found in

microturbellari<ln hosts.
Unidentified sporozoans have been observed in Catenula lemnae,

Micmstoi71um lineare, Cieysztoria expedita, Rhynchomesostoma rostralUm.
Mesostolna ehrenbergii, M. lingua and Cyratrix hennaphroditus (Meixner
1926; Luther 1955: Schwank 1981 b; Young unpublished data).
Microsporidians occur in Microdalyellia armigera and M. schmidti, ciJiates in
M. lineare (Luther 1960), holotrichous ciliates, including Holophyra and
Oplzyroglena, occur in Stenostomul11 leL/cops, (Kepner & Carroll, 1923; Luther
1960), and gregarines and polymastiginen t1agellates were found in C.
hermaphrodiUls (KarJing (963). A non-photosynthetic tlagellate,
Desmol1lOl1as prorhvnchi, was found in an unidentified species of
Prorh\'l1chus from Australia (Williams (999). Euglenoid flagellates occur in
C. /en~nae and several species of Stenostomum. With regard to the last type of
parasite. Astasia captiva has been recorded from Catenula lemnae
(Beauchamp 19 ll), and Euglena leucops from Stenostomwn leucops (Hall
\931; Kolasa 1973) and from four other species of Stenostomum not found in
the British Isles (Marcus 1945b: Kolasa 1982a). Kolasa (1991) states that

ciJiates and tlageIJates also occur in typhloplanoidan rhabdocoels. and that he
has recorded nematodes in Prorh)'nchus (LecithoepitheJiata). Nematodes have
also been found in MacrostOl11um rostralwn. M. lineare. and l\IIicroda/vellia
brel'imana (Luther 1955, 1960). Larval trematodes have been fou~d in
Phaenocora unipul1Clata and Cieysztoria triquetra (Domer J902;
Chodorowski 1959), and larval cestodes (Hymenolepis sp.) in M. lineare
(Rixen 1961).

The effect of parasites on freshwater microturbellarian hosts is unknown.

PREDATORS

There i.s a dearth of.information on the predators of, and intensity of predation
upon, freshwater mlcroturbellmian species. The sparse literature suaoests that
they are eaten by other turbellarians, nematodes, annelids, crust:C:~ans and
insects, but specific detail is lacking (e.g. Pennak 1978; KoJasa 1991). Further
available information is usually derived from laboratory observations.

lnterspecific predation by microturbellarians

There are several reports in the literature of interspecific microturbellarian
predation. Species of Catenulida, Casrrada spp. including C. intermedia,
Cymtnx hermaphrodltus, and MesoslOma lingua are eaten by Stenostomum
leucops (Luther 1960, 1963; Rei tkamp 1972a). Micros/omum lineare
consumes Gieysztoria, Microdalyellia and C. hermaphroditus. Phaenocora
unipunctata eats various dalyelliids, Rhynchomesostoma rostratum and C.
hernwphrodirus (Meixner 1926; Luther 1963; Heitkamp 1982). Macrostomum
dl.wnguendum, M. rostrata, Geocenrrophora sphyrocephala, DalveLlia
VtrldLS, Cieysztoria injill1dibuLiformis, Microdalvellia armigera- and
RhYl1.chomesostoma rostratum consume other unspecified microturbellarians
(Luther 1955, 1960. J963; Heitkamp 1982: see also Table 3. pp. 86-87).
Heltkamp (1982) suggested that Dalyellia viridis and D. penicilla (Braun)
may have depressed numbers of Mesostoma lingua. R. rostratum and Ph.
unlpunctata. in small ponds in Germany, but the evidence is circumstantial.
Several mlcroturbellarians from Nigeria, including M(/(.:roS!0I1111I11,
Slenostomum, and Plwenocora, feed on other species of microturbellarians
(Mead & Kolasa 1984).
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Predation by other animals
Gastropod snails (Lymnaea sragnaLis and Planorbarius corneus), oligochaetes
(C/welOgasrer diaplIwws). copepods (Macrooclops albidus and Cyclops
srrenuus). salamanders, and young fish, all fed upon MicroslOlI1um ltneare
(Heitkamp J982). Jngole (1987. 1988) believes that the eur~bali~e
,VfocroSIO/11W77 orthosr"Lwn (Braun) has considerable potential as !lye tood for
the larval stages of commercially important fish and prawns reared in mass
culture. Rixe~ (1961) observed Macrosro71wm distinguendwn in the gut of
Chlomhydra viridissinw. Phaenocora typhlops and Ph. ullipwu.:rata from
English -ponds were preyed upon by tbe chirooomid Anatop)'llia varia,. and
larvae and adults of the dytiscid beetle Dytiscus marginalis. respectIvely
(Young 1973b, J978).
. Va;ious predators feed 00 young and adult Mesostoma lingua. These
include the oligochaete ChaelOgaster diaplwnus, the fairy shlimp Branchineta
paludosa, cop~pods, including Cyclops vicinus, Mesocyclops leuckarti and
Cyclops vemalis (Acal1lhocvclops robusrus), the anuran Triwrus (larvae) and,
perhaps, fish, including the mosquitofish Gambusia affinis and the green
sunfish Lepomis cyanellLls (Heitkamp 1972a: MacIsaac & Hutchll1son 1985:
Blaustein & Dumoot 1990). ivfesostoma ehreJ~bergii was eaten by the fish
Gosrerosteus awleatus and Carassius, and by salamanders (Goltenboth &
Heitkamp 1977). With regard to species not recorded in the British Isles, an
unidentified pelagic iVfesos!oma in Brazil was eaten readily by the copepod
/vlesocvclops longiset~ts and Chao!Jorus (Rocha et al. J 990). Mesostoma
appiJ7L;m Kolasa & Schwartz. M. timbunke Kolasa & Mead and M. zariae
Kolasa & Mead from Nigeria were fed upon by large mosquito larvae (Aedes.
Anopheles. Culiseta and Culex). Mesostoma :;.ariae was also preyed upon by
an unidentified Phaenocora (Microturbellaria) and unnamed anisopteran and
zygopteran nymphs (Odonata).

Impact of predation on microturbellarian populations
It has not been demonstrated that any predator is able to affect, directly or
indirectly, densities of microturbellarian populations in the field. Rocha et al.
(1990) suggest that turbellatians could well be excluded from small ponds and
lakes where combined venebrate and invertebrate predation is severe, and
suggest that the absence of Mesosroma ehrenbergii from American ponds
containing the 'axoloty!' Ambystoma tigrinum. as reponed by Maly et al.
(1980), might be due to predation by this salamander. However, these
statements are speculative.

Tbe possibility that microturbelJarians disperse within and between
waterbodies by their own movements, as in the case of triclads (Reynoldson
1966), IS unhkely but cannot be discounted. Also, it is possible tbat man may
ass1st their dIstrIbutIOn by, for example, the transport of water for drinking
purposes, by fish stocking, and by keeping aquaria. A good example of the las~
IS the occurrence of MacrosLOmLlm tuba in warmed aquaria in northern
Eurasia, where it has not been recorded in natural habitats (YounO' & Youno­
1967). The passive transport, by some agency, of li ve mjcrotu~beJ larian;
which are soft-bodied and subject to desiccation on removal from water
seems less likely than dissemination by a resistant phase. However. Kolas~
(J99l) reports that in an experiment conducted by Jan Ciborowski at the
University of Windsor, North America, artificial pools on the roof of a
building were colonised within a few weeks by six species of
mlcroturbellarians, five of which do not produce resistant disseminules.
Resistant (dormant or resting) eggs or cocoons are produced by many
mlcroturbellanan specIes (p. 110). Survival of these cocoons in harsh
conditions, such as low temperature, low oxygen levels or drought. can be
good. For example, Heitkamp (1972a. 1977) found that, at hi 0-11 te~peraturesd

~ ,ormant cocoons of Mesostol11a lingua and M. ehrenbergii survived in moist
mud tor 3-4 and 2 months, respectively. At low temperatures, cocoons of the
latter species survived for more than 6 months. Some species, for examp.le
BothnopLana semperi. Geocentrophora sphyrocephala, Prorhynchus
stagnalLs and, perhaps, Stenostomum unicoLor and Phaenocora Llnipwu:tata,
also form cysts by surrounding their bodies with mucus. and endure
desiccation for a short time (Sekera 1906, 1926; Reisinger 1923: Dabm 195 l'
Schwank 1981 b). Therefore it seems likely that most ~microturbe!larians ar~
dispersed by the transport of these resistant phases, particularly cocoons, by
some agen? Indeed It has been suggested that cocoons are distributed by
wJl1d (RelsIDger & Stelnbock 1927), by floating on ice or driftwood in
transoceanic distribution (Steinbock [931), or by adherence to the feathers
beaks and feet of birds such as waterfowl (Steinbock [926, among others):
With regard to the last agency, the fact that Europe and Africa have many
mlcrotllrbellanan specIes in common (Young & Kolasa 1974; Young 1976a,
I977b) may be a consequence of the extensive bird movements between these
two areas (Young 1976b; Young & Young 1976: Mead & Kolasa 1984)
Transport of cocoons ID the digestive tract of birds or by other animals such as
lI1sects. at least over short distances, is also feasible, as other aquatic
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I972b,c, 1973a, J985: Kaiser 1974: Schwank 1976, 1981b; Kolasa 1977a,
1979, 1983; Lanfranchi & Papi 1978; Heitkamp 1982). Most species occur in

Cl wide variety of habitats, including pools, ponds, lal<es, ditches, canals,
springs, streams and rivers, However, some groups tend to be absent from
streams and rivers, including about balf of the DalyeJlioida (Dafyellia viridis,
Gieys-ztoria diadema, G, infundibuliformis, G, rubra, G. triquetra and M,
foirehildi), three species of Castrada (C armata, C intermedia and C
ll/teola), all of the genus Mesostoma (excepting M. lingua) and a few other
species of Typhloplanoida (Opistomum pallidum, Rhynchomesostoma
mstratum and S. radiatl/m) , Additionally, PlagiostomLlm lemani,
OlOmesostoma auditivum, Bothromesostoma personatum, Mesostol11a
ehrenbergii, Strongylostoma efongatum, Tetraeelis marmorosa and
Tlphloplana viridata, that are typical of lakes (first two species) or ponds and
lakes (other species), have been recorded very occasionally in slow-flowing
waters (e.g, Steinbock 1926) and. in the case of 0, auditivum and T viridata,
in streams (Schmid & Schmid-Araya 1999). Many species occurring in
flowing waters tend to occur in the interstitial micro-habitat, e.g. catenulids.
Others, including larger fonns, tend to occupy vegetation, particularly in slow­
moving water, e,g, M. lingua.

Most of the pooJ- and pond-dwelling species can occur in both temporary
and permanent waters (p. 102). Prorhynchus stagnalis, Geocentrophora
sphyrocephala, C. baltica and Bothrioplcma semperi can be found in damp
conditions, including moss and soil, at the edge of freshwater habitats
(Reisinger 1925; Steinbock 1927, 1928). Tbe last species and, sometimes,
Rhynchoscolex simplex, can occur in groundwater (Hofsten 1907, 1912; Dahm
1951; Luther 1960; Rixen 1961; Schwank 1981b, 1986). A few species have
restricted distributions: Limnoruanis romanae is recorded only from springs
and streams, Macrostomumjohni occurs in a single lake, and M. tuba has been
found only in warmed aquaria, although it occurs naturally in standing and
tlowing waters in other countries, including some in central and southern
Europe (Lanfranchi & Papi 1978). In Britain, Stenostomum leucops, G,
sphyrocephala and Phael1ocora unipunctata have been found in percolating
filters in sewage works (Young 1970).
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DISTRIBUTION AND ABUNDANCE IN LAKES

British lakes
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size of these continental lakes and, in general, to the fact that far more
microturbellarian species have been recorded in mainland Europe than in
Britain (Lanfranchi & Papi 1978).

The studies revealed the following main points, (J) Many more species
were found in the littoral than profundal zones, (2) Whilst many species
occurred across the range of habitats examined, some tended to be associated
with a particular 11abitat or micro-habitat. (3) As a consequence of (2), a
number of habitats or microhabitats had a characteristic faunal community,
(4) The littoral zone harboured the highest density of animals, (5) The number
of species and total abundance of specimens peaked in the spring and late
summer. For example, using Kolasa's (1979) intensive study to provide more
detail, the greatest number of species and total number of animals occurred in
sl1aJlow waters of 0,1 m to over 1 m; at 2 m there was a sharp decrease in the
number of species and specimens, whilst at depths of 3 to 5 m turbeIlarian
variety and numbers were poor. In other studies, particularly of oligotrophic
lakes, the profundal zone is richer in species and abundance than in Kolasa's
eutrophic lake (e,g, Steinbock 1932; Holopainen & Paasivarta 1977), Indeed,
microturbelJarians have been recorded at considerable depths in some
continental European lakes, and many of the species occurring in the British
Isles (e.g. CatenuLa Lemnae, P/agiostomum Lemani, Prorhync'hus stagnaLis,
BothriopLana semperi, Otomesostoma auditivum, CastreLla truncata,
GieysZlOria diadema, MicrodaLyeLLia annigera, Rhynchomesostoma
rostratum, Castrada annata, C. LanceoLa, C. LuteoLa, C. viridis,
StrongyLostoma eLongatum and Gyratrix hennaphroditus) have been recorded
at depths of 20 or more metres (Le Roux 1907-1908; Ekman 1915; Monard
1919; Reisinger & Steinbock 1925; Steinbock 1926, 1932, 1949; Luther 1960;
Rixen J968; Holmquist 1972), In Kolasa's (1979) study, within the shallow
littoral zone, the largest numbers of species and animals were found in sand,
The lowest number of species, comprising a relatively large number of
specimens, was found in sedge-beds, The lowest number of specimens,
represented by a fairly low number of species, was recorded in reed-beds,
Though some species occurred in a wide variety of substrata, a number of
habitats or sub-habitats with characteristic microturbellarian faunas were
identified: sand, mud, sedge-beds, reed-beds, and submerged vegetation, The
lack of evidence for distinct communities or assemblages associated with
particular habitats or sub-habitats in the British lakes that have been studied,
again may be a consequence of their relatively small size compared with
continental lakes (see above), It is difficult to extract precise information on
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the density of microturbellarians in lakes, due to the different ways in which
data have been presented in publications, the use of different sampling
techniques, and the heterogeneous nature of the substratum in the littoral zone
of lakes. Holopainen & Paasivirta (1977) recorded a lake-wide annual mean of
3100 individuals per 01 2 in Lake Paajarvi, Finland, Kolasa (1979) found an
annual mean of 3500 per 012 in shallow littoral areas in Zbechy Lake, poland,
Nalepa & Quigley (1983) found a mean (April-November) of 800 per 01

2
in

nearshore 01-23 m) Lake Michigan, USA, and Strayer (1985) found a lake­
wide mean (July-October) of 27 ,000 per 012 in Mirror Lake, North America.

Assemblages/communities

In conclusion, it would seem that the small size of microturbellarians may
permit substantial numbers of species, and individuals, to coexist in lakes. The
few available studies have suggested that, at least for large lakes, some spatial
separation may occur, with habitats or sub-habitats having characteristic
microrurbellarian communities, though numbers of species and specimens are
still relatively high in these areas. Spatial separation also has been found in
brackish and maline environments (e.g. Karling 1974; Mack-Fira 1974; Reise
1984; Jouk et al. 1988), and this also results in the recognition of communities
of species and assemblages associated with particular types of substrata and
parts of the littoral zone However, it will be difficult to disentangle the role of
spatial and temporal separation, life-cycles, abiotic factors and biotic factors
such as interspecific competition and predation, in determining the
distribution and abundance of freshwater microturbellarian species. Despite a
greater number of studies on microturbellarians in the marine environment,
again there is uncertainty about the variables involved in their abundance and
distribution (Boaden 1995; Dittmann 1998; Armonies & Reise 2000). Many
sandy-shore turbel1arians have spatial and migration patterns that are at least
partly mediated by abiotic factors such as sediment type, depth of sediment,
height on beach, temperature, fluctuations in the groundwater table, salinity,

pore-water content. tidal or mechanical disturbance, and light intensity.
Despite the fact that different micro-assemblages in lakes each contain a

large number of species and individuals, it is possible that microturbellarians
may contribute little to the overall biomass or metabolism of the invertebrate
benthic community (Strayer 1985; Kolasa et al. 1987), but much further work

is required to clarify the situation.
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DISTRIBUTION AND ABUNDANCE IN PONDS

British ponds

Young (1970) included smaJJ still waterb d' . .
I11lcroturbeJJarians in the British Isles Lld ~ les 10 hIS survey of
with aquatic vegetation su orted : ow an , ard-water pools and ponds
which were often situate:rn dec.~OJe speCies than those without vegetation,
found in soft-water pools and 1 uodus woodland. The fewest species were

. . pon s sItuated at a hi <Yh . Jt' d f
contammg peaty-brown water "1 ::0 el a Itu e, 0 ten

E
. ID 01001 and areas Two common ..

nglJsh ponds are Phaenocora hI . . species 10
1978) which b' . h typ ops and Ph. umpunctata (Young 1975a
. UlfOW 10 t e mud where reduced <Y . . v '

IOterestingly, both species cont' h . oXY",en condltJol1s occur, and,
am aemogloblO (Young & Harris 1973).

Continental ponds

The most comprehensive study in continental Eur .
(1982), though Dorner (J 902), Rixen (196 ope IS that of Heitkamp
prOVide usefu l information. Heitkam (198~) a~d Bauchhenss (1971) also
ponds in Germany and those of _p ,ased on 1115 own study of
. . ' prevIous workers . d d
tor meli vidual species w· th' d . , pi 0 uce tolerance ranges

I legar to temperatu H .
alkalinity, oxy<Yen content wate I I. d re, p , calcIUm content,'" ' r eve an occurren I .
flora and other types of substratum I h'. ce JO re atlOn to aquatic
.. ,. n IS own study he fo d h I

ot specIes ranged from 4 to 24 er ,un t at, t le number
was higher in ponds in open la dPPdond'hand the total number ot IDdividuals

n an WIt much ve<Yet t" h .
ponds without aquatic plants a find' 0 . '" a Ion t an 10 woodland
Numbers of individuals of c~rtain IDb

. ID agreement With Young (1970).
thousand per m

2
(e 0 M/'cl'osto Ispecles were extremely high at several

."'. mum !neare)" th
microturbellarian individuals 'n d ,e average yearly production of

T
I pon s was between 150 d 8000

he maximum number of species in all of th . an., 0 per m
2

occurred in May This contrast . h h e small waterbodtes examined,
. ... s Wit t e two pe k f b

Ruen (1961) (May a d A a s 0 a undal1ce found by
n Ugust) and Bauchh (19

August-October), and a sin<Yle v k' A enss 71) (June and

O
. b pea ID ugust recorded b D

ther studIes have also revealed hioh de ,". . y omer (1902).
and pools. For example M 1 '" nSltles of mlcrotubellanans in ponds

, a y et al. (1980) found . k d . .
Mesostoma ehrenbergii per m? . a pea enslty of 2644

(19
- lO a small Colorado d d H .

72a) found a peak of 3500 M . pon ,an eltkampesostoma 11I1gua per m3 in a German pond.
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Temporary habitats . '
., . . 11 manent waterbodles also occur 10

Most of the species llvmg 10 smd , per 'es for example Dalvellia
d d ools thouo-h some specI ,.' , ,

temporary pon s an p '.. d'" d' the latter. Characteristics that enable
viridis, are more com~onlY lecor

iS
: a~~ survive in temporary habitats include

microtllrbellanan species to colon '1 I'f c\lcle (p 113) the producllon
.' I ( 95) a versatl e I e- J . ,

good powers of dlspersa p. , 1< cysts) resistant to adverse environmental
t· .. ' 0- eooS (or less common y, . W' h d

o lestlD", "'c . d' nd development rates. It regar
. . ( 110) and hlo-h repro uctlve a

condltlons p. , '" . (1977 a) observed that in the laboratory,
h I t Phenomenon Heltkamp -to teas . . f 170 subitaneous eo-o-s (see p.. Id roduce a maximum 0 oe

Mesostoma lmgua cou P . .' I He also found that in the laboratory
110) or 181 resting eggs per lOdlvldua. f. the hatchino- of an individual
the development time for onle gef~.eratl°SnU'b·l~~:OUS eo-o-s ;roduced by that

\ . ho-of Juvem es lom co .
to the Jatc 10", d 52 d t 100C Field observations are 10
. ., l' 70 d . at 25°C an ays a· .'
lOdlvldua, IS - ay's . , an onds the first generation 10 spnng
accord With these tmdtngs. In, Ge~mof ~-I00C at the end of March, and
hatches at an average tempeIatu~etch after 6-7 weeks in the middle of May.

juveniles 0(f
l
t
9
h
7
e;bec~~~i)e:~r:t;~:n:hio-h reproductive and development rates

Heltkamp _ , 0 ..

in Mesostomu productum and M. ehrenberglL.

DISTRIBUTION AND ABUNDANCE IN STREAMS AND RIVERS

Continental streams and rivers .
f . turbe11arians in lotic waters In the

The composition and eCOIOg~yO ~1~;70' Schmid & Schmid-Araya \999).
British Isles IS poorly known oun", the 'taxonomy and occurrence of
In contrast, several. studIes on . d out in continental Europe (e.g.
microturbellarian speCies have been. carne & S I 1939' Husmann 1966;

. . . 979' G' ztor 1938: Gleysztor zyna . '
Slbmakova I - , leys 968' Kolasa 1982a' Schwank 1985). However, only
An der Lan 1967; Ttlzer \ , . ..' f a uantitative nature.

a few investigations .h~ve be;~ ~~~~~~:saa~~9;4)eX~ined a number of
Bauchhenss ( 1971), Kaiser (19 ) S h k (1981a b 1982a b) investigated

. . G and Poland. c wan ' , '
spnngs tn ermany, G' . nd Kolasa (1983) collected from the
highland streams ID Hesse, ermany, a P' It 1 More recently,

F "0 Contesora a small montane stleam near Isa. ay. .
oss, . . t"t" I waters and streams 10

K I "t al (1987) investioated sprmgs, IDters 1 ta ' '. h
o asa (; . N York USA and KoJasa (1989, 2000) studIed t e

Southeastern ew , ' .' C I North A.merica
experimental colonisation of substrata in WapPlOger~ re~~ S' bach a~
In her examination of the meiofauna in the gravel of the erer ee .

I
I

1

I

Austrian stream, Schmid-Araya (1997) provided some information on the
microturbellarian fauna.

Continental European streams harbour relatively large numbers of species
and individuals. For example. Schwank (198 Ja) recorded 94 species of
turbellarians (including 8 tric1ad species), and densities of more than 1000
specimens per litre of sediments from streams in Germany. KoJasa (1983)
obtained 6J species (including 4 triclads), some with densities exceeding 7000
specimens per m2 and a minimum of 2000 per m" at each site, from the Fosso
Contesora stream in Italy. A mean density of 1280 individuals per m2 was
recorded by Kolasa (1989, 2000) in Wappingers Creek, in artificial substrata
after a week of colonisation.

Factors affecting distribution and abundance in streams

The most important factors determining the abundance and distribution of
stream-dwelling microturbellarians are claimed to be the structure of the
substratum and the presence of varied microhabitats (Schwank 1982b: Kolasa
1983); the number of species found is directly correlated with the variety of
available microhabitats. Thus, within a small section of a stream, Schwank
(1981 b) observed that microhabitats such as gravel, sand, moss, vascular
plants and organic sediments, each differed in the number and composition of
microturbellarian species inhabiting them. Kolasa et a!. (1987) found that the
greatest variety and highest abundance of microturbelJarians occurred in sand
with a grain-size of 425-700 IJm. The lowest abundance and species richness
was observed in substrata of small stones or large gravel. Schmid-Araya
(1997) observed that microturbeJlarians had their maximum abundance at a
depth of 20-40 cm in the gravel of the Oberer Seebach, with some differences
between seasons and between pools and riffles. The disturbance of
microhabitats by high water in spring, and autumnal stagnation and
sedimentation, were the main cause of drastic changes in abundances and
distribution of microturbellarians in streams in Eastern Hesse, Germany
(Schwank 1981 a). Certainly, as in littoral marine sands (p. 100), the interstitial
microturbellarian community of streams is rich in species and numbers of
animals. Nevertheless, Kolasa et a!. (1987) suggest that, as in lakes (p. 100),
the fauna may not contribute significantly to the overall biomass or
metabolism of the invertebrate benthic community. Also, Schwank (I982b)
concl uded from his studies that microturbelJarians are of secondary
importance, compared with oligochaetes that are of paramount importance, as
consumers in stream ecosystems. In both lotic and lentic habitats there is a
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paucity of information on the role of microturbellarians in community

enefSretic5.
Due to a scarcity of information, little comment can be made on spatial

patterns along the length of streams. In small second- and third-order montane
streams, the greatest density is found in the upper reaches (epirhithron) and
hi!!h densities occur in the lower stretches (metarhithron and hyporhithron)
(Kolasa 1983). Bauchhenss (1971) and Schwank (1985) recorded differences
in faunal composition in different sections of streams and rivers, again
associated with differences in habitat or microhabitat. In continental Europe,
Kolasa (l982b, 1983) observed that microturbellarian communities comprise
species of different ecological origin, including terrestrial, marine,
underground, running, limnetic and eurytopic elements, and the contribution
of these elements to assemblages changes along the stream or river. Thus, for
example, semi-terrestrial and terrestrial species, clean running water and
marine elements contribute to the microturbellarian fauna of springs and upper
reaches of streams (Kolasa 1977a, 1983; Schwank 1982a) whilst lower
regions are dominated by eurytopic species (Kaiser 1974). In stream
ecosystems, only a few ubiquitous species (e.g. Microstomum linea re,
Stenostomum leucops, S. unicolor) are found in strongly organically polluted
waters, and most species tolerate only clean to slightly polluted conditions

(Schwank 1982b).
With regard to temporal occurrence, Schwanl< (1981b) found 9 winter

species, 35 non-winter, 16 summer and 34 all-year turbellarian species in
German streams. Kolasa (1983) and Ko1asa et al. (1987) recorded a spring
peak in density and an autumnal peak in diversity of rnicroturbellarians in
ltalian and American streams. Schmid-Araya (1997) found twO peaks of
abundance, during summer and autumn, in an Austrian stream. However,
seasonal occurrences of species and relative abundances of species would
seem to vary according to geographical location (Schwank 1981 b; Kolasa

1983), probably linked to temperature.
Schwank (1982b) concludes that factors intluencing the standing crop and

distribution of lotic microturbellarians include temperature. oxygen content
and supply of food. However, as for lentic waters, precise, intensive studies
examining the effects of abiotic variables (such as temperature, oxygen and
pH) and biotic variables (such as competition and predation) on abundance
and distribution of microturbellarians in lotic freshwaters, are lacking.

POPULATION DYNAMICS IN ENGLISH PONDS

Littl~ i~ known about factors regulating and controlling abundance ID

~IC[QtU1bellanan populatlOns. Exceptionally, Young (l973b, 1974, 1975a)
camed out. a detailed study of the population dynamics of Plwenocora
tl'phlops hvmg tn a small English pond. The rhabdocoel lives on and in the
mud, and IS present trom May to September. The remainder of the life-cycle
tS spent In the oegg stage (cocoon) which has an obligatory diapause. Low
temperature. (5 C~nd lower) is required to stimulate egg development
(p. L09). SLlIvlval or cocoons oVerwlDter is hiO"h Annu']1 fecunc[·t ... bl . o· < 1 Y IS Just over
one vw e egg per adult. Recruited young grow rapidly in size at first b t
growth-rate slackens as numbers and average size increase. After a pe~k ~~1
abundance ID the second half of June, numbers decrease to zero.

The rhabdocoeI has no major predators in the pond. Laborator I

expenments, ~n whlc~ potential p!·ey species were exposed to attack by th~
mlc~oturbellallan m ~Ishes, and Imcroscopical and serological examination of
the out contents of field-collected animals indicated that Ph h II f d
mainly t bT ·d I. ,< • ,/P10PS ee s
. '_ on u 1 lCI 0 19oc!laetes. In the field, as the numbers of the rhabdoco I
InCleaSe, the numbers of tubificids decrease rapidly (FiO" 69) A. . ep.o .. f h b· o· . n lllcreas!OO"

I powon o· r a docoels IS also found with an empty gut. Microturbellaria~
populatlO~ events are explained in terms of the development of an acute fooel
shortage and severe competItIOn for food as the numbers of rhabdocoels
Increase. ThiS results 111 a low fecundity and the shrinkage and death of man
mdIvJduals. SUbseq~ently, there is a natural senescence of survivors an~
e~lmJl1abtlon of the ~Ive population. Thus population regulation is achieved
t roug intra-specIfic competition for food.

Interestingly, the lower numbers of tubificids in the pond during 1970 (Fi 0"

69) was due to the pond drYlllg up in October-early November I969. resulti;~
In sUbsta~tlal mortalJty In the tubificid population (YounO" 1975a b) Th

0

drodught did not senously affect the cocoons of Ph. typhlops, :hich h;tcl~ed t~
pro uce hlO"h numbers of rhabd I ... o. . . . < ocoe s as In the previous years. In 1970
competitIon for tublflcJds would have been more severe than· . 'and fewe III prevIOUS years

r cocoons would have been produced. Indeed, this was reflected in

~hge6~0~~~~elhng 10 numbers of Ph. typhlops in 1971 compared with those of
, and 1970 (not shown ln FIg. 69, but see Young 1975a).

. The presence of symbIOtIC algae in the rhabdocoeJ reduces the animal's
shnnkage rate under condItIOns of food shortage (p. 91), but this is thouO"ht to
b~ an ul1lmportant phenomenon in the population dynamics of the
mlcrorurbellanan.
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Evidence for the occurrence of intraspecific competition for food was also
obtained from a detailed investigation of a population of Phaenocora
lIniplll1ctata living in another small English pond which dries up each autumn
(Young 1977a, 1978). The numbers of rhabdocoels, recruited from cocoons
hatching after re-flooding of the pond in late autumn, declined to extinction in
late winter. They reappeared in May-June from overwintering cocoons and
numbers increased until the pond dried out, when all microturbellarians
perished. Cocoons do not have an obligate diapause as in Ph. typhlops. Factors
opposing numerical increase in Ph. unipunctata are low temperature, which
inhibits cocoon deposition and hatching during late winter-earJy spring,
intraspecific competition for food (tubificid and lumbriculid oligochaetes),
which depresses cocoon production when peak numbers are recorded in the
summer months, and drought conditions that wipe out the active phase and kill
some COCOons.

In the laboratory, Fiore (1971) and Heitkamp (1972a) found that a species­
specific chemicaJ substance produced by adults has an adverse effect on
subitaneous egg production in Mesostoma ehrenbegii and M. lingua,
respectively (p. 11 0). Fiore (1971) suggests that small ponds containing these
rhabdocoels would provide a suitable habitat for this phenomenon to occur.
Whether this is so, and if it assists population regulation, remains speculative.

Asexual reproduction

The catenulid species and i\!Jicrostomum lineare reproduce asex.ually, although
sexual reproduction occurs rarely in some populations of these species (p. 19).
Species that reproduce asexually regenerate readily (Hyman 1951;
Moraczewski 1977; Palmberg & Reuter 1983; Reuter & Palmberg 1983),
whereas sexually reproducing species have no or limited regenerative
capability (Hein 1928; Ruhl 1927; Hyman 195 I). Exceptionally,
MacroslOmum can regenerate its extremities, though not anterior to the brain
(Jngole & Shirgur 1985).

Sexual reproduction

The environmental conditions influencing the development of sexual organs in
the catenulids and M. lineare are controversial (e.g. Kepner et af. 1933;
Hyman 195 I). In European and North American populations of Stenostomum
spp. and M. lineare, sexually mature animals have been reponed mostly in the
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listed in Table J (pp. 10-1]) appear in scattered literature (e.g. Hofsten 191 J'
Ruhl 1927: Berg 1938; Luther 1955,1960,1963; Karling 19~63; Rixen 1961:
Papi J954; BaUcllhenss 1971; Young 1973a: Cox & Young 1974). Some
species contain only one egg at a time, which is Jaid before another one can
form (e.g. the Catenulida, Macrostomida, DalyeJliidae (with the exception of
Dalyelliu) and KaJyptorhynchia). Other species contain several eggs (e.g. the
Typhloplanoida). Cocoons are deposited freely on or, more unusually, fas~ened
to. the substratum. They are usuaJly laid through the gonopore, but in some
species (e.g. Stenost0I1111111 spp., D. viridis, Typhloplal1a viridata, Tetracelis
l1larmorosa and sometimes Mesostoma spp.) cocoons are released by rupture
and death of the parent (see below).

Cocoons are resistant - in varying degrees according to species - to harsh
environmental conditions such as low temperature and drought. Young (1974;
1977a) has studied in detail the survival and development of eaas in
Phuenocora typhlops and Ph. unipunctata, respectively living in a per;~nent
pond and a temporary pond in England. In Ph. typhlops, present in the living
phase from May to September, overwintering eggs (cocoons), deposited in
mu~ have an obligatory diapause. Low temperature (5°C or lower) is the only
envlronmentaJ feature that stimulates egg development and cumulative
periods of this are adequate. At 3.5°C, the exposure period required is 4
weeks or more, though a minority of cocoons require only 2-3 weeks. A
temperature of 9°C or more is required for hatching after the necessary low
temperature stimulu~. Hatching rates increase with rising temperature.
SurvlvaJ of cocoons IS good. and viability is not affected by low dissoJved
oxyg~n content of the mud or absence of water; cocoons survived in damp
mud tor 3 months at a temperature of 14.5°e. The habitat of Ph. llniplll1ctata
dned up JD the a~tumn and living rhabdocoeJs were absent until the spring.
Cocoons released 111to the environment in autumn survived the drouaht and the

. . ~

overwmtenng low temperature when the pond refilled. Eggs do not have an
obligatory diapause. They require a temperature above 6°C to hatch' the rate
increases with rising temperature (9 to 23°C). Cocoons that were ke~t at low
temperatures (1.5-6.0°C) for periods of up to 14 weeks, hatched on
transference to higher temperatures (16 to 23°C).

108

autumn (Luther 1960). Borkott (1970) studied reproduction in a German
population of Stenostomum sthenwn.. a sibling species in the S. leucops
complex. The species shows procrandry (see below:, and both temperature and
pH are involved in the differentiation of male and .female reproductive organs.
Oooenesis exhibited a temperature-dependent dJapause. Eggs were laid ID

aut~mn and hatched in spring when the temperature approached 10°e.
Sexual reproduction in freshwater microturbellarians usually. Il1volves

internal, cross-fertilisation (Hyman 1951). Normal, mutual copulation IS the
rule. where the penis is inserted into the female or common gonopore ot the
partner. However, in some species, e.g. Stenostomwn spp. and Gyratrlx
hermaphroditus, hypodermic impregnatlon has been observed ,wherebY sperm
is injected. by means of the penis stylet, through the partn~r s epIdermiS, to
migrate through the mesenchyme to the ovaries. Self-fertlLrsatlon lS rare but
has been observed occasionally in some speCies, e.g. Otomesostoma
auditivum, Castrel/a truncata, Gieys'Ztoria rllbra, Microdalyellia armigem,
Opistomllm pallidllm and Mesostoma spp. (Sekera 1906; Ruhl 1927; Luther
1960; Fiore & Ioa16 1973; Heitkamp 1978a). In B. sempen, the male
reproducti ve system is reduced and parthenogenetic dioogeny occurs, l.e. one
eao from each ovary fuse to give a single embryo (Dahm 1951; Sluys & Ball
1985: Smith 1991). Parthenogenesis also may occur in Rhynchoscolex
simplex, where the testis is sometimes reduced or absent and, at times, ,..,in
Tetrace/is marl11orosa (Reisinger 1924: Marcus 1945a,b; Luther 1960, 196.:».
Some species (e.g. Stel1ostomum spp., Microstomum spp., Strol1gylostol11a
radiatlll11 and G. herl11aphroditus) are protrandrous, where the testes develop
before ovaries (Hyman 195J; Luther 1960; Karling 1963; Rieger 1981).

Eggs and cocoons

Fertilised eags are enclosed in a cocoon or capsule before being released into
the environ~;ent. Each cocoon usually contains a single egg, although in some
species, e.g. Plagiostomlll11 lemani, Dalyellia viridis, Castrel/a truncuta and
Opisthocystis goettei, more than one egg has been reported 111 some
populations (Berg J938; Middelhoek 1948; Luther 1955; Karlmg 1963). The
shape of a cocoon is usually spherical or oval, and in P. lemani, C. truneuta,
Gvrotrix hermaphroditus and O. goettei it possesses a stalk. Many have an
o~erculum through which the young escape on hatching (e.g. species of
Dalyelliidae and Phael1ocora spp.) but some rupture (e.g. Mesostoma spp.).
Cocoon colour can be yellow, yellow-brown, red-brown, brown or dark
brown. Details of colour, shape and size of cocoons for many of the species

.. " .. ::: '~
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Subitaneous and dormant eggs

In the family Typhloplanidae, species of Mes~stol11C1, TetraceLis l11am1~rosa
and TvphLop/ww viridwu produce two types of egg: subltaneous anddolmant
(resti~g) (Bresslau 1903: Graff 1904-1908, 1909: Sekera 1904; Ste10man &
Bresslau 1913: Beauchamp 1924, 1926a.b; Ruebush J940; Ferguson & Hayes

1941: Mahan 1956: Legner 1979b).
Subitaneous eggs are enclosed in a thin covering or capsule and the

embryos develop rapidly inside the mother (ovoviviparous), eIther m the
uterus (e.g. Mesostoma spp.) or in the mesenchyme (e.g. TyphloplanCl
viridata). Studies on MesoSlOma ehrenlJergii indicate that the capsule JS

proteinaceous in composition, is permeable to the pas:age of parent:1
nutrients, and stretches for growing embryos (FJOre & Ioale 19?3; Gremw lo.l

& Domenici 1976, 1977). Subitaneous eggs may be self-fertIlised (FlOre &
Ioale 1973; Heltkamp & Schrade-Mock 1977; Dumont & Schorreels 1990) or
cross-fertilised (Heitkamp 1972a; Hebert & Payne 1985), and the young are
released by the rupture and death of the parent (Heitkamp 1972a) or they pass
through the gonopore (Fiore & loale 1973). The production of thIS type of egg

allows rapid population growth. . '
Dormant eggs are enclosed by a thicker, more resIstant, protectIve shelL

presumably composed of sclerotin (Domenici & Gremingi !977). Deve:oplOg

embryos utilise nutrients accumulated lD the yolk of vIteJlme cells (BIesslau
1903; Domenici & Gremingi 1977). Eggs are cross-fertIlIsed (Hebert & Payne
1985; Dumont & Schorreels 1990) though self-fertilisation is pOSSIble (Sekera
1906; Fiore & Joale 1973) Eggs are released on death of the parent (Flare &
Joale 1973) or can be extruded through the gonopore (Heltkamp 1972a).
Dormant eggs remain in their cocoons during harsh conditions such as Jow
temperature and drought, and hatch when conditions amellOrate:

Within particular species, the production of tbe two types of egg can vary
among populations (e.g. Heitkamp 1972a,b, 1977; Heitkamp & Schrade-Mock
1977). For example, in Tetrace/is mannorosa, one cytologlca] and ecologIcal
'strain' or 'race' occurring in north and bOt'eo-alpine continental Europe,
produces onl y dormant eggs, whereas a second southern' strain' produces both
types of egg (Papi 1952. 1954; Reisinger 1955: Luther 1963: Heltkamp] 982).,
Also. Heitkamp & Schrade-Mock (1977) report a spectrum of. populatlons of
Mesostoma lingua. These range from. at one extreme, cold, high aipIDe
locations where there is one generation each year, producing only dormant
(resting) eggs, to, at the other extreme, North Africa, where many generations
produce only subitaneous eggs. In between are found nOl1h, l1nddle and south

European populations producing more than one generation per year and both
types of egg. Thus the production of resting eggs tends to increase at higher
latitudes. Interestingly. Kolasa (1987) reports that tvlesostoma timbunke from
a seasonally submerged aquatic habitat in Papua New Guinea produces only
resting eggs, and in this respect resembles Mesostoma from high latitudes. He
speculates that this convergence may be an adaptation to the restricted time
available for reproduction in sholt-lived environments, and to the harsh
environmental conditions that tbe dormant eggs need to survive between
seasons.

Variables that determine production of tbe two types of egg and the
hatching of resting eggs have been studied in detail for Mesostoma
ehrenbergiii, M. lingua and M. productum.

In M. ehrenbergii, Fiore & loale (973) found no evidence for endogenous
determination of the life-cycle, but relative numbers of subitaneous and
dormant eggs produced by the typhloplanid may be influenced by genotype.
Several environmental factors have been implicated in determining which type
of egg is produced, e.g. dissolved oxygen levels and a chemical produced by
adults which inhibits the production of subitaneous eggs (Fiore 1971).
However, reproductive strategy is influenced chiefly by temperature, amount
of food, generation number, and the type of egg from which an individual
arises (Fiore & Ioale 1973; Heitkamp 1977; Beisner er af. 1996, 1997a). In
laboratory experiments, Heitkamp (I 977) found that individuals of M.
ehrenbergii derived from dormant eggs produce subitaneous eggs
independently of temperature (l0 to 25°C). In contrast, animals derived from
subitaneous eggs produce subitaneous eggs, dependent on temperature. When
he incubated cocoons at room temperature (20°C), the hatching success of
dormant eggs was increased by a period of exposure to low temperature. To
obtain maximum l1atcrung success, at least 30 and 90 days at 3.S oC is
necessary for cocoons with water, and cocoons covered with mud and water,
respectively. HatChing success decreases with longer exposure time at low
temperature.

Beisner er af. (l997a) determined the most favourable conditions for
subitaneous egg production in laboratory experiments in which M. ehrenbergii
was cultured at two temperatures (18 and 24°C) and five food levels. Low
temperature and a low food level were most favourable for individuals
hatching from dormant eggs. The most favourable conditions for animals
hatching from subitaneous eggs were either a high temperature and any food
level (but especially low), or a lower temperature and a high food level only.
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In experimental studies on four populations of M. linguo from Germany

and Finland (Heitkamp 1972a), detennination of the two types of egg is

especially influenced by the density of animals kept in small containers, and

changes in temperature. Sexually mature animals produce an unknown

substance that causes the formation of dormant eggs. To the laboratory, the

production of dormant eggs began at a population density of 15-20 animals

per J250 ml of water (20°C). With increasing density the percentage of

animals c<mying dormant eggs increased. This effect of crowding is dependent

on temperature; smaller oumbers of animals produce the same effect at lower

temperatures. The type of egg produced by individuals hatching from either

subitaneous or dormant eggs differed between the four populations, and the

type of egg produced varied witl1 temperature. For example, in three

populations, individuals hatching from dormant eggs produced individuals

that formed only subitaneous eggs at all experimental temperatures (within the

range 4-9 and 22-30°C); the fourth population also produced a small

proportion of dormant eggs, the ratio varying with temperature. In one

population, individuals hatching from subitaneous eggs produced individuals

which formed only dormant eggs at all temperatures; in the other populations,

a varying proportion of subitaneous and dormant eggs were formed in the first

set of eggs and this was temperature-dependent. The int1uence of other

environmental factors is of little importance, though in one population an

increase in dormant eggs during the summer months was probably due to

increasing oxygen deficiency, or other factors. Heitkamp (1972a) found that in

one population of M. lingua. a high hatching success was obtained by keeping

dormant cocoons at 4°C for 3 months. However, Heitkamp & Schrade-Mock

(1977) report that the dormant eggs of an Italian population have no dormancy

period, whilst in other European populations donnancy is facultative or

partial.
In laboratory experiments. Dumont & Schorreels (1990) found that

fertility parameters (clutch size, total offspring, daily offspring) in M. lingua

all depended on temperature rather than on food, and all showed a maximum

value as well. For clutch size and total offspring, this occurred at 20°C,

whereas for daily olfspling it was 25°C. Thus. the trade-off between higher

productivity but shorter life-span was such that 20°C was the optimum

temperature for the population of M. lingua under study. In nature, such

temperatures occur in May-June, while in July-August they overshoot the

optimum. This may be the signal required by the animal to start producing

dormant eggs.

In a population of /V!. productul11 with a living phase of 3-4 months.

temperature again was implicated in production of the two types of egg

(Heltkamp 1972b). The first generation hatching from dormant eggs produced

onl~ subltaneous eggs, and all subsequent generations hatched from

subltaneous eggs. Under optimum conditions of 20°C the population produced

subltaneous eggs. Average temperatures below (15"C) or above (25°C) this

temperature caused dormant egg formation by a bigh percentage of animals.

The maJonty of eggs formed towards the end of the life-cycle were dormant.

LIFE-CYCLES

Most of the information on ]ife-cycles of freshwater microturbellarians bas

been denved from studies in continental Europe, particularly Getmany

(Chodorowski 1959; Luther ]955, 1960, 1963; Rixen 196J, 1968; Karlin o

1.963; Kraus 1965; Porner 1966; Bauchhenss 1971; Kaiser 1974; SChwank

1976, 1981b; Kolasa 1979; Heitkamp 1978a, 1982; Smith 1991). Heitkamp

(1982) IS partIcularly IOformative. The life-cycle of many species is flexible

and can vary according to geographical location and type of habitat, e.g. if the

waterbody ~s permanent or temporary. Also, the existence of species with a

complex of slblll1g species or 'races' (e.g. Mesostoma lingua. Tetracelis

marmorosa and Gyratrix hermaphroditus (p. 12) may contribute to a variable

lIfe-cycle.

Life-cycles of the fifty-five species that Occur in the British Isles based

m~lI1ly on continental European studies, are summarised in Table 4. The

II1formation in this table should be regarded as tentative until further detailed

studies in Britain and Ireland have been carried out. Twelve species listed in

Table 4 have been recorded throughout the year, and no alternative life-cycles

have been reported. Another eleven species have been found all year or for a

speCifIC part of a year. The remaining species have been recorded in spring­

summer-autum~ and/or summer-autumn and/or summer only. Exceptionally,

Dalyellw Vtrlc!is and OplStol11um pallidum OCCur during the autumn-winter­

spnng, or mperiods within this time-span. Populations of G. hermaphroditus

can also exhIbit thIS last type of life-cycle.

~.--



114
BIOLOGY

LIFE-CYCLES lIS

1 . . !nfonnGlion is based mGinly on
T~bk 01. The seasonal occurrence of micrDturbel ,1nGn species.
S[LIdies of popularions in continental Europe.

LECITHOEPITHELlATA
CeoceIIlrvphora bolrica
Geocen/I'ophora Jphyrocephalu
Pl'Orhynclws sw;;rwlis

RHABDOCOELA:KALYPTORHYNCHIA
C."rcllr;x hermaphmdlrlC> All year or. occasionally, spring-suminer-autumn,

spring-summer. or autumn-winter-spring. or spring
Opisrhoc:vsrls goerrei Spring-summer-auttlmn or all year

Species

CATENULIDA
Cmellula lenll/ac
SuomiJl(l turgidCl
Rhvllclwscolex sill/plex
SlenOslOJI/Wn CfJ/wiroSfrLUFI.

SlenOSfOJ1f.LllJ1 grabbskogeJ1Se

Stenostomlfl71 Ictu.:ops
Sf(!f10Sf0I11lf11l Itnicolor

MA CROSTOiVlIDA
Macros/omum disril/ijUelldlll71
!v!aCI'OSlOmwn jo/ml
MocroslOmum IVs/rOWI71
i'v[aCIVSlOmUI71 luba
l\t/acrost01l1um IIl/eare

PROLECITHOPHORA
Plagiosr.oll1ul11 lemani

PROSERlATA
Bo/hrloplwlCl semperl
Oromesosrol71a audi/lvum

Seasonal occurrence

All year
All year
All year
"AIl year"
"s pri ng-su mmer-aulU mn'J

All year or spring-summer-Gutumn. or summer
All year or spring-summer-autumn

Spring-summer-autumn or all year .
Unknown (only recorded in February and Decembel)
Spring-summer-autumn or all year " .
Unknown (only found in ,\quaria in Bntam and North EUlOpe)
All year or spring-summer-uutulnn

All year

All year
All year
All year

All year
All year

t'vleso.l'roma lingua

Mesosroll1a p/arvceplw/am
Mesostoll1C1 prodaclUlTl
Mews/,oll1u reEragol1U11l
Olisrhanella obrllsa
Olisthanel/a Erwlcula
Opistol11wn pa/lidllTll
Phaenocoru ryphlops
P/wenocera unipUllcwW
Rhvnchomesosloll1C1 rosrralwl1
Casrmda arnW{(I
CCI,wmda Inrerll1edia
CClslrcu:!CI laltceola
Cl/S'Erada IllIeo/a
CCls/mda neoco11lensis
Casrrada sEas"orul71
CasErada virldis
Lil17Horucmis rOllLC(JlOe

SEmngylosEOma e/ongawn7
Slrongy/o.l'toma radiaEum

TeErCtcelis marnlOrosCl
Tvphloplalta viridaECI

Summer-uutLIrnn or spring-summe"-autumn or,
occasionally. all year

"Summer or summer-autumn?
Summer-autumn or summer
Summer-autumn or summer
All year or spring-summer-aUIUll1l1
Spring-summer-autumn or summer-autumn
Autumn-winter-spring or, sometimes. winter-spring, or spring
Sprillg-summer-au(umn
Spring-summer-autumn or all year
All year or, occasionally, summer-autumn. or summer
?Summer-autllmll')
Spt'illg-summer-autumn or summer
Summer-aurumll or spring-summer-autllmn
?Spring-summer-autumn?
?Spring-summer-aulumn?
Spring-summer-autumn
All year
All year
?Spring-summer-autumn Ot'summer-autumn?
Spring-summc::r-autumn. or spring-summer. or

summer-autumn
Spri ng-su mmer-autu in n
Summer-ulltumn or spring-summer-autumn

l'vlicroda/vellia schmid/i

Gin'.I':rvrla diadellw
Ciev.I':loria exped;ta
Cie'vs:tol"la i/lfllndibu!iformls
Giev.I':roria ruhra
Gieys-:}oria Iriquelra

Miervdllive/lia armigera
Microuulwllia !Jrel,lmww
!\!Iierodaive/lia jillrchildi

RHABDOCOELA:DALYELLIODA
COJrrellll ErUIlCCLla All year or spIing-summer-autumn ,

Autumn-winter-spring (varies according to period when
Dalyellia virldls

habitat is withoul water)
Urlknown
Summer-autumn
Summer-aulllmn
Spring-summer-autllmn
Summer-autumn
All veal'
Spri"ng-summer-autumn or summer-autumn
Spring-summer-autllmn. or SlllmneH1Utllmn. or summer

I)r. sometimes. ~II yeur
All year. bUI other periods possible

RHABDOCOELA:TYPHLOPLANOIDA
[JOfhmmesos/011Iu perSOl1a/wlI Summer-autumn or summer
YlesoslOl1wehrel/bergii Summer-autumn or summer

f

I
I
I

I,
~

i
I

Most species produce several generations within a year or part of a year
when they are active. The number of generations is determined by several
variables, such as temperature, food and the presence of water in the habitat.
Single generations have been reported for populations of Rhynchoscolex
simplex. Prorhynchus swgnaLis, D, viridis, Olisthanella obtusa, Opistomum
pallidum, Phaenocora typhlops, Ph. unipunctata and G. hermaphmdirus.

The life-cycles of microturbellarians have rarely been studied in detail.
Exceptionally, Mesostoma ehrenbergii, M. lingua and M. productum. all of
which can produce subitaneous and dormant eggs (p, 110), have been studied
extensively in German ponds (Heitkamp 1972a,b, [977, 1988; Heitkamp &
Schrade-Mock 1977). All three species have a living phase from spring or
summer to autumn (Fig, 70). Mesostoma ehrenbergii has six generations per
life-cycle. The first generation hatches from resting eggs in May,
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Life-cycles of three species of /vJesostoma in German ponds. In spring,

the first generation of young animals (dark blocks) hatch from

overwintering, dormant eggs (DE). The following generations (grey

blocks) are produced from subitaneous eggs (SE). However, these

successive generations produce a few eggs which undergo a period of

dormancy before hatching. In late summer and aUQII1111, a rising number

of overwimering, dormant eggs are produced (increasing width of

arrows), and the final autumn generation produces only dormant eggs.

(Reproduced with permission from Heitkamp 1977).

Fig. 70.

Animals from resting eggs produce subitaneous eggs. All other generations up

to October hatch from subitaneous eggs. A small proportion of dormant eggs

may be produced by animals during Summer but are produced mainly in the

autumn. The dormant eggs survive cold and/or dryness over winter. The life­

cycles of M. lingua and M. productum differ from that of M. ehrenbergii in the

length and number of generations. In these, seven generations OCCur over

periods of 7.5-8 months in M. lingua and 4 months in M. productum (Fig. 70).

[n Britain, the life-cycles of only three species, namely D. viridls, Ph.

typhlops and Ph. unlpunctata, have been studied in detail, though information

on seasonal Occurrences also has been obtained from general co1Jections of

microturbellarian species (Young 1970, 1973a). Bevercombe et at. (1973) and

Cox & Young (J 974) investigated populations of D. viridls in a temporary

pond and a ditch that were without water for several months in the

summer/early autumn. After re-flooding in late autumn, resting cocoons did

not hatch until February because the overwintering temperature was too low.

AnimaJs continued to grow and mature until the habitats dried up in May-June

when the microturbellarians died, releasing their COcoons. Young (1975a)

studied a population of Ph. typhLops in a permanent pond. The active phase

spanned May to September and the rest of the year was spent in the resting

cocoon stage. The eggs entered an obligate diapause which was released by a

periOd of low temperature (5°C or lower) followed by a higher temperature

(9°C or above) (p. 109). Young (1977a) investigated a population of Ph.

ullipunctata inhabiting a pond that dlied up in the autumn. The COCOons

survived the drought conditions and low winter temperature. They hatched in

spring when the temperature exceeded 6°C. All three species produced a

single generation during their active phase.
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bacteria (as food) 84, 86, 87
biological control 7, 89, 90
Bothrioplana semperi 10, 20, 24, 30.

3l, 54.55, 84, 86,95, 96, 99,
114

Bothrioplanidae 10, 18
BOfhromesostoma personafum 11,

17,22.38.39,76,77,84,85,
87,96.97, 114

Castrada armata t1, 22, 23, 36, 37,
70,71,87,97,99,115

Castrada infermedia I J , 22, 23, 36,
37,72,73,87,93,97, 117

Castrada lanceola 1J , 22, 23, 36.
37,72,73,87,99,115

Castrada luteola 1], 22, 23, 36, 37,
70,71. 87. 97, 99,115

Castrada neocomensis 11, 22, 23,
36. }7, 72,73,87. 115

Castrac/a swgnorum 11, 22, 23, 36.
37,72,73, 87, 115

Casfrada viridis It, 22, 23, 36. 37.
72,73,85.87.99, liS

139

habitat 7,96,97. 11 J
Hydra (as food) 84, 86

Ceocentrophom bultica 10. 12, 20,
24,30.31,52.53,84.86,97.
114

Ceocentrophoru sphyrocephala la,
12,20.24,25,30.31,52,53,
84-86,93,95,97,114

Cieysztoriu diadema 10,22,23.32,
33.60,6/,86,97,99, [14

Cieysz.toria expedita 10, 22, 23, 32.
33,60,6/.86,93,97, j J4

CieysGtoria infundilntiiformis 10.22.
23, 3~ 33, 60, 61, 86, 93, 97. .
114

Cieysztoria rubra 10,22, 23, 32. 33,
60,6/,86,97, 108, 114

Cieysztoriu triquetra la, 12, 13, 22,
23, 3~ 33,60,61, 86, 93, 97,
114

gregruines (as parasites) 92
groundwater 13, 97
Cyratrix hermaphroditus 7, ll, l2,

22-24, 34. 35, 62, 63, 83, 86, 87,
92, 93, 99

insect larvae (as food) 84. 86, 87
insects (as predators) 93

Kalyptorhynchia 9, IJ, 22.24.25
27, 62, 83,85, 87. 109. liS '

keys 27, 42, 50,54, 56, 62

lakes [3,96
Lecithoepitheliata 9. 10,20,24,27,

50,86, 114

INDEX

copepods (as food) 85, 87, 88
copepods (as predators) 94
crustaceans (as food) 84. 85. 87
cfllstaceans (as predators) 93
cysts 95, 102

Dalyellia penicilla 91, 93
Dalyellia vlridis 10, J 7, 22, 24, 25,

26,32.33,56,57,86.91-93,97,
102, 108, 109, 113-115

DalyeJliidae 10, 18, 21-25, 85, 108
Dalyellioida 9, 10, 21, 22,24,25,

27,56,86, 97, 114
desmids (as food) 84, 86, 87
diatoms (as food) 84, 86, 87
dipterans (as food) 86
dispersal 95, 96, 102
distribution and abundance 98-105
dormant eggs 89, 102, 11 0- J13
drought (dryness) 109, 117
Dugesia dorolocephala 90
dytiscid beetles (as predators) 94

eggs 7, 12,26,90, 102, lOS,
108-113

ephemeropterans (as food) 86, 87
excretory system 17, 24, 25
eyes 17, 25, 95

fairy shrimp (as food) 85, 87, 88
fairy shrimp (as predator) 94
feeding behaviour 82, 83
fish (as predators) 94
flagellates (as food) 86. 87
flagellates (as parasites) 92, 93
food 82-88, 104. 111, 112

fNDEX

GENERAL INDEX

138

Page numbers in bold type indicate main reference to micromrbellarians in
the keys. and those in italics indicate illustrations.

Acoela 7, 9, 90 Castrella Inmcata 10,22,24,32.
adhesive papillae 25 33,56,57,86,99, 108, 114
algae (as food) 84-87 CatelZula lemnae 10,28, 29,42,43,
annelids (as predators) 93 86,92,99, 1]4
anurans (as predators) 94 Catenulida 9, 10, 19,24, 27, 42, 84,
asexual reproduction 7, 19, 107 86, 109, 114
axolotyl (as predator) 94 Catenulidae la, 12. 18,42

ceratopogonids (as food) 86
Cestoda 7
cestodes (as parasites) 93
chaoborids (as food) 87
chaoborids (as predators) 94
chironomid larvae (as food) 85-87
chironomid larvae

as predators) 94
Chlorella vulgaris 91, 92
Chlorohydra viridissima

(as predator) 94
chromosomes 12
ciliated pits or grooves 17, 25, 82
ciliates (as food) 86, 87, 89
ciliates (as parasites) 92, 93
cladocerans (as food) 83, 85-89
classification and checklist

of species 9
cocoons 7,91. 95, 96, lOS, 107,

108- 113. 117
collection, examination and

preservation 13-17
Collembola (as food) 87
colour 17, 26, 108
competition 100, 104, 105, 107



I·W INDEX INDEX [41

life-cycle 100, 112. 113-1l7
light refracting organs 17.25
Liml1oposrhia polonica 9
Limnoruallis romwwe 11, 22, 24, 34-

35,64,65,84,85,87,97, 115
lu mbliculid oligochaetes

(as food) 85, 87

Macrostomida 9, 10, 19,21, 22, 24,
27,42,86, 109, 114

Macrostomidae 10, 18, 21
Macrostol1JllIn distillguendum 10.

19,23,25,30,31,48,49,86.97,
114

/vlacrostomlllnjohni 10, 19.23,25,
30,31, 48, 49,86,97,114

/V/acrostomum rostratum la, 19,23.
25,30,3],48,49,86,93,114

MacrosfOl71um tuba 10, 12, 19,23,
25,30,31,48,48,86.95,97,
114

Mesosroma appinum 90. 94
Mesostoma ehrenbergii 7, 11, 14,

22,23,26,38,39,80,80,82,83,
85.87-89,92.94,95,97, 101,
102,107,110, 11L 114-I17

Mesostoma ling~ta 7.11,12,14,22,
23, 26,3~ 39, 81,8/,82, 83, 85,
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ltO-1l3, lJS-ln

Mesosroma platycephalum 11-13,
22,23,26,38,39,78,79,87,
lIS

Mesostoma producrum I J, 22, 23,
38, 39,81. 81, 87, 96, 102, Ill,
113. 115-/17

Mesostoma tetragonum 11,22, 23,
26.38,39,78,79,83,87, 115

lv!esostoma till1vul1ke 90, 94, III
Mesostoma wal1um 90
/v!esostoma ::.ariae 90, 94
Mesostominae 11,22,24,
microcrustaceans (as food) 86. 87
Microdah'ellia ormigera 11, 22, 23,

32.33, 58, 59, 87, 92, 93, 99,
108. 114

Microdalyelli([ brevimana 11,22,
23,32,33,58,59,87,93,114

Microdalyeilia fairchildi 11, 22,23,
32,33,58,59,87,97, 114

Microdalyellia sclzmidti
(syn. M. Iwpelwieseri) 11, 12,
22,23,32,33.58,59,87,92,
114

Microstomidae la, 18, 19
Microstomum lil1eare 10, 19,30,31,

48,49,84,86,92-94. 101,104,
107, 114

microsporidians (as parasites) 92
microturbellarians

(as food) 85-87, 93
microtw-bellarians

(as predators) 93
molluscs (as food) 86, 87
mosquitoe larvae

(as food) 83, 85, 87, 89, 90
mosquitoe larvae

(as predators) 94
mucus 82, 83, 95

naidid oJigochaetes (as food) 87
nematodes (as food) 84-86
nematodes (as parasites) 92, 93
nematodes (as predators) 93

Odonata (as predators) 94
Oligochaerus limnophilus 9

oligochaetes (as food) 84-87, 89
oligochaetes (as predators) 94
Olisrlwne//a obtusa 11, 22, 36, 37,

74, 75, 87, 115
OlisthanelLa truncula 11, 22, 36, 37,

74, 75,84,87, 115
Olisthanellinae I J, 22, 24
Opisthocystis goettei 11,22,23,24.

34, 35, 62, 63, 87, 108, 109, 115
Opistominae 11. 22, 24
Opistomu/11 pallidum 11, 22, 25, 27,

34,35,64,65,87,92,97, 108,
1/3, 115

ostracods (as food) 86-88
Otomesostoma auditivum 10, 20, 24,

30,31,54,55,84,86,97,108,
114

Otomesostomidae 10, 18
oxygen 91, 92, 95, 101,104

parasites 92, 93
penis 19, 22, 108
penis stylet 19,21-24,83,108
P/wenocora ryphlops 11, 22, 26, 34,

35,66,66,85,87,89,91,94,
101,105,106,109.115,117

Phaenocora unipunctata 11, 22, 26,
34, 35, 66, 66, 85, 87, 89, 93-95,
97,101, 107, 109. ll5, 117

Phaenocorinae 11, 22, 24
pharynx 17, 18-20,82
pigment spots 17, 25
Plagiostomidae J0, 18
Plagio.l'tol11u/11 lel71ani J 0, 20, 24, 30,

31,50,51,84,86,97,99, 114
Platyhelminthes 7, 9
pollution 7, 104
Polycladida 7
Polycystidae 11, 18

ponds (pools) 96, 97, 10 I, 102, 105­
107, 109

population dynamics 88, 89, 104,
105-107

prawns (as predators) 94
precipitin test (serological technique

85, 105
predators 93-95
prey 82-90
proboscis 25, 83
ProJecithophora 9, 10, 20, 24, 27,

50,86,114
Prorhynchidae 10, 18
Prorhynchus stagnalis 10, 20, 24,

3Q 31,50,51,83,84,86,95,97,
99, 114, 115

Proseriata 9, 10, 20, 24, 27, 54, 86,
114

protozoans (as food) 84-86

reproductive system 17, 19-24
Rhabdocoela 9, 10,20,22,27,56,

62,86,87, 114,115
rhizopods (as food) 86, 87
rivers 13,97,102-104
rod tracks 25
rotifers (as food) 84-87
Rhynchomesostol11a rosrratum 11.

22,26,36,37,74,75,87,92,93,
97,99, J]5

Rhynchomesostominae I J , 22, 24
Rhynchoscolex simple,Y 10,26,28,

29,43,44,86,97, 108, J 14, 1J5

salamanders (as predators) 94
seasonal Occurrence 99,101. 104,

114, 115
sensory structures 25
sexual reproduction 17, 19, 107,108



142 INDEX
FBA PUBLICATIONS

shape 7,17.23.26, 10S.
size 7,17,23,26. lO8
snails (as food) 87
snails (as predarors) 94
sporozoans (as parasites) 92
~arocYst 17,25,26
Steno~tomidae 10, 18, 22, 42
Stenostoll1um onatirostrum

(syn. S. bryuphilum) 10. 12. 28,
29.46.47, 86, 114

Stenostumum grobbskugense 10. 28,
29.46,47, 86, 114

Stellostomwn leucops 10, J2. 28, 29,
44.45.86,92.93,97, 104, 108,
114

Stenostumwn unicolor 10. 28, 29,
44,45,86.89,95,104, 114

streams 13,97. 102-104
SrrongyLostoma eLongatwn 11,22,

38, 39,76, 77, 85, 87, 96, 97,
108,115

Slrongy!oslOl11Cl radiotul11 11, 22, 38,
39.76,77,85,87,96,97, 108,

115
subiraneous eggs 89. 102. llO-113
Suumina wrgida lO, 25, 28, 29,42.

43.86, 114
surface features 25

Temnocephalida 9
temperature 83. 85,95, 100. 102.

104. lOS. 107-109, IJ 1-113.117
Tetl'acelis mannarosa 11, 12, 22, 34.

35.67,67,87,97, 108-1 LO, 113,

115
toxin 83, 88
Trematoda 7
trematodes (as parasites) 93
Tricladida 7, 8.13,90
tubificid oligochaetes

(as food) 85"87, 91,105
Turbel1aria 7, 9, 90
turbellarians (as food) 84
tu rbellarians (as predators) 93
TyphLopLana viridata 11, 17, 22, 26,

34,35,68,68,85,87,92,97,
J09, II 0, liS

Typhloplanidae 11, 18, 21,22,24,

25,65,110
TyphlopJaninae 11. 22, 24
Typhloplanoida 9, I], 21, 22, 24, 27,

62,87,93,97, 109,114

zoochJorellae
(symbiotic algae) 17,26,90-92,
105

zooplankton (as food) 7, 88
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