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STUDIES ON THE FEEDING RELATIONSHIPS OF LEECHES
(ANNELIDA: HIRUDINEA) AS NATURAL
ASSOCIATES OF MOLLUSKS*

DONALD J. KLEMM™*

Museum of Zoology, University of Michigan

ABSTRACT

This study was designed to determine the degree
of host-specificity of leeches of the family Glos-
siphoniidae, genera Helobdella, Glossiphonia, and
Marvinmeyeria in their relation to freshwater mol-
lusks in southern Michigan. Four families and seven
species of operculates, three families and nineteen
species of pulmonates, and one family of three spe-
cies of sphaeriacean clams were examined for leeches
over a two-year period. Information is also pro-
vided on other parasites and symbionts found on mol-
lusks infested with particular species of leeches.
Leeches infesting mollusks within several different
habitats, such as lakes, ponds, woodland pools,
creeks, and roadside ditches are compared.

In the various habitats thehabits of both groups
coincide. ' The sites or organs inhabited by the
several species of leeches infesting specific snails
were mainly the mantle cavity, above and below the
mantle, and the kidney.
in the snails appeared to be above and below the
mantle, but some selection occurred among the vari-
ous leech species. Evidence was gathered on whether

* This investigation was carried out in partial

fulfillment of the requirements for the degree of
Doctor of Philosophy in the University of Michigan,
1974, and was supported by the U. S. Public Health
Service Training Grant No. 5 T1 Al 41 from the Na-
tional Institute of Allergy and Infectious Diseases
and under the sponsorship of the Research and De-
velopment Command, Office of the Surgeon General,
Department of the Army.

The preferred sites with-

leeches serve as regulators of snail populations
under natural conditions. The degree of multiple
parasitism and its effect on snails indicate that
the mollusk hosts are far more tolerant than anti-
cipated. Many snails infested carried only a sin-
gle leech; it is possible that snails with mul-
tiple infestations did not survive. However, the
majority of the multiple infestations were found on
the larger pulmonates. Serological tests of the
gut contents fromcertain free-liv' ng leeches showed
that some species had fed onmollusis and others had
not.

An extended literature search a. to the world-wide
distribution of leeches revealeu that, although
the information available is extensive, all too
little is known regarding the parasitism or preda-
tion of leeches on mollusks. Thus, information,
as it relates to the possibility for biological
control of snails by leeches, reveals that the
leeches studied are not especially promising asor-
ganisms for this purpose.

** Present Address: Environmental Protection Agen-
cy, National Environmental ResearchCenter, Meth-
ods Development and Quality Assurance Research

Laboratory, Biological Methods Branch, Aquatic

Biology Section, Cincinnati, Ohio 45268

A full‘Auble of contents for this paper will ap-
pear at the end of the paper.
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INTRODUCT I ON

The Leeches °

Whereas leeches (Phylum Annelida, Class Hirudi-
nea) are world-wide in distribution (Soés 1970 for
the world and Klemm 1972b, Sawyer 1972, and Davies
1973 for North America) in terms of taxonomic num-
bers they are few as compared with some of the oth-
er major invertebrate groups. The phylum consists
of threeorders (Bhynchobdellida, Gnathobdellida,
and Pharyngobdellida - J.P. Moore, 1959). Among
these orders the known leeches inthe world are re-
presented by 10 families, 97 genera, approximately
375 species, and 16 subgenera (Sods 1970). A su-
perficial survey of the orders would seem to indi-
cate a homogeneous assemblage since all leeches
have structural similarities and are built on the
same fundamental annelid plan. There are fresh-
water, terrestrial, and marine forms, but nearly
three quarters of the world’s genera are found in
freshwater and terrestrial habitats.

Leeches arehighly specialized predatory or para-
sitic annelids with terminal suckers serving for
attachment, locomotion, and feeding. They are said

to have a wide variety of food habits, but very .

little is known about their specific feeding re-
quirements. Leech abundance and distribution, how-
ever, are regulated by the availability of food or-
ganisms. The order Rhynchobdellida includes leeches
that suck blood and juices or eat the soft tissues
of their prey by means of a protrusible proboscis.

economic uportance
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This order contains no terrestrial or carnivorous
forms and consists only of freshwater and marine
species. The members are st.ncr.ly parasitic (Hard-
ing and J.P. Moore 1927), but Croll (1968) cited
cases of parasites killing their hosts outright,
notably among leeches, and one might consider such
a leech a predator rather than a parasite. In this
study, parasite and predator are placed in one ca-
tegory under ‘predation,’ unless a narrow distinc-
tion must be made between the two.

The proboscis, a feeding organ, serves as an im-
portant characteristic in this group. It is an ad-
aptation of the pharynx which has become highly mus-
cular, free, andprotractile and is so very capable
of being thrust through the small oral opening in
the leech’s anterior sucker and into the tissues
of its host. Few leeches of this order are large
and none reaches the formidable proportions attained
by certain predaceous leeches of the orders Gnatho-
bdellida and Pharyngobdellida. Adults may range
from 5 to 20 mm in length, and since they are in-
nocuous to mankind, they generally do not attract
the attention of the ordinary observer.

Two important freshwater families of this order
are the Piscicolidae (facultative fish parasites)
and Glossiphoniidae. The latter are said to pos-
sess awide range of hosts and supposedly have some-
what more catholic tastes or have been reported to
have unknown feeding habits.

The order Gnathobdellida includes the jawed lee-
ches, usually with dentition and without a probos-
cis; these are the typical leeches. They are fully
adapted to predaceous, sanguivorous, and truly pa-
rasitic habits of feeding; with few exceptions they
are the largest forms as well as those most inti-
mately affecting man and wild and domestic animals.
As far asnow known, they are freshwater or terres-
trial; none is truly marine. Most species as ad-
ults range from two to six inches long when nor-
mally extended. In this order, only a few spec1es
of the family Hirudinidae were reported occasion-
ally to feed on invertebrates. Many are important
blood sucking parasites of man and domestic animals.
Some genera tend to have the jaws and dentition re-
duced or absent’ and they have be come macrophagous
in their feeding habits.

The order Pharyngobdellida is made up of leeches
without true jaws, dentition, or proboscis. These
structures are replaced by a strong muscular, suck-
ing pharynx with which whole organisms are devoured,
and these leeches have extreme modifications for
predaceous life. The family Erpobdellidae has sev-
eral species that have been reported to feed on in-
vertebrates, including mollusks; in size the adults
range from 10 to 30 in length.

Rhynchobdellxd leeches have not hitherto attained
notoriety as dangerous parasites, and, as already
noted, they rarely draw blood from man. Neverthe-
less, they deserve close investigation toascertain
their feeding requirements and todetermine whether
they play a part in transmission of diseases of
(Robertson 1909, Barrow 1953,
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1958, Mann 1962, Becker 1964, Becker and Katz 1965,
Richardson and Hunt 1968, Soltys and Woo 1968, Woo
l_l969a, 1969b, 1969c, and Botzler et ol, 1973). It
is also important to ascertain their importance as
biological control agents of snail populations un-
der natural conditions, especially those of the
family Glossiphoniidae. Reductions of snails which
are intermediate hosts in trematode cycles would
affect the occurrence of trematodes which infect

man and other animals, including fish (Hoffman
1970).

The Molluscan Hosts

Freshwater mollusks include univalves (snails)
and bivalves (clams or mussels) and they are among
the most conspicuous animals constituting the lar-
gest invertebrate phylum after the arthropods. More
than 80,000 living species have been described.
Most of the families (Taylor and Sohl 1962, Te
1972) are represented in nearly all parts of the
world. Almost every conceivable type of freshwater
environment from the smallest pond and stream to
the largest lake and river has characteristic popu-
lations of snails or mussels,

The omnipresence ofmollusks has made them avail-
able to man as sources.of food. This relationship
is secondary and incidental when compared with the
role of mollusks as carriers of parasitic diseases
of man and other vertebrates. As vectors of human
diseases snails affect the lives of millions.of
people. They do not attack man directly but are
important intermediate hosts for flukes (Trematoda)
or worms that cause parasitic diseases of verte-
brates, including man (Malek 1961). All known tre-
matodes require molluscan intermediate hosts in
part of their life cycle. Some use additional in-
termediate hosts, such as crustaceans, fishes,
frogs, and leeches. Certain blood flukes cause
schistosomiasis in man (Malek 1961) and others in-
vade several species of birds and mammals. Man’s
cosmopolitan distribution has exposed him to these
and many other parasites. Also, the changes man
has made in his environment have enabled many pa-
rasites and their intermediate hosts to increase
enormously, It is generally conceded that schisto-
somiasis has now replaced malaria as amajor deter-
rent to progress in many underdeveloped regions of
the world, especially inNorth Africa (vander Scha-
lie 1960); the alarming increase in schistosomiasis
appears to be due to man's manipulation of the a-
quatic environment. Because of the rapid spread
of human blood flukes, itis desirable to find some
means of biological .control in endemic regions.

Certain leeches are known to feed on snails. The.

feasibility of using these predators for biological
control is still in doubt. This study was under-
taken in part to learn whether leeches can serve
this end.

1

LITERATURE REVIEW

A reviewof the literature indicates that several
papers have reported that certain leeches in the
family Glossiphoniidae and a few species in the fa-
milies Erpobdellidae and Hirudinidae feed on or de-
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vour mollusks. Their mode of feeding is either
predatory, parasitic, or both. Some other leeches
are associated with aquatic insects, freshwater
crustaceans, mollusks, aquatic annelids, frogs, sa-
lamanders, turtles, fishes, birds, and mammals.

More specifically, the studies on leech-mollusk
feeding relationships were of two general types,
survey and experimental. The surveys may include
known leeches fromunidentified mollusks, knownmol-
lusks with unidentified leeches, or both the leech-
es and mollusks were identified. Such studies are
those of the following investigators: Moquin-Tan-
don 1846, Verrill 1874, Jacquet 1885, Castle 1900,
J.P. Moore 1901, 1908, 1920, 1923, 1924a, 1924b,
1929-30, 1939, Harding 1910, Nachtrieb, Hemingway,
and Moore 1912, Gee 1913, Elliott, 1917, Annandale,
Prashad, and Amin-ud-din 1921, Degner 1921, Henson
1922, Harding and Moore 1927, Wrede 1927, Richard-
son 1921, Bere 1929, Miller 1929, 1937, Juga 1931,
Krull 1931, Whitehead 1935, Antrum 1936, Boycott
1936, Herter 1929, 1936,Pawlowski 1936, 1955, Volz
and Fromming 1936, Wesenberg-Lund 1937, Bruun 1938,
Richardson 1947, Mathers 1948, 1954, 1963, Dorier
1951, Pennak 1953, ‘Mann 1953a, 1953b, 1962, 1964,
Michelson 1957, Dobrowolski 1958, Harry and Aldrich
1958, Malek 1958, Wisniewski 1958, Grasse 1959,
Hynes 1960, Karassowska and Mikulski 1960, Keith
1959, Klimek 1960, Paloumpis and Starrett 1960,
Lukin 1962, Moore 1964, 1966, Okland 1964, Soés
1964, 1966, 1967a, 1967b, 1967c, 1969, Sikorowa
1965, Taube 1966, Sapkarev 1967, Sawyer 1967, 1968,
1972, Chemberlin 1968, Janiszewska and Zmijewska
1968, McDonald 1969, Kopenski 1969, Klemm 1970,
1972a, Herrmann 1970, Wilkialis 1970b, Crewe and
Cooper 1973, and Gale 1973, All of these authors
indicated that certain leeches were enemies of mol-
lusks under natural conditions or in aquaria and
that the leech-mollusk relationship may be either
of the host-parasite type or of the prey-predator

type.

The foremost investigators of the survey type of
leech-mollusk association are Wilkialis 1964, Gruf-
fydd 1965a, Hatto 1968, Sarah 1971, andKlemm 1973.
Wilkialis (1964) investigated the ecology and bio-
logy of the leech, Glossiphonia heteroclita hyalina
(0. F. Miill.), living on various snails in Poland.
He concluded that this leech occurred abundantly
inside snails in late autumn for shelter and during
summer because of their need for food. Gruffyd
(1965a) in England and Hatto (1968) in Wales also
studied a closely related species of leech, Glossi-
phonia heteroclita (L.) which infested snails. This
leech lived as a facultative parasites on snails
during winter and became free-living during its
breeding season; the life-histories of the leech
and snail were closely synchronized.

Sarah (1971) in North America studied Helobdella
lineata Verrill, H. papillata (Moore), and Glossi-
phonia complanata (L.) from two species of pulmo-
nate snails in acreek inMichigan where they seemed
to attach themselves selectively tocertain snails.
Later Klemm (1973), also in Michigan, determined
the incidence of a parasitic leech (Marvinmeyeria
lucida Moore) and twocercarial types in estivating
snails (Stagnicola exilis Lea) in a woodland pool.



Some of the important experimental investigations
are those of Guibe 1936, Brumpt 1941, Chernin, Mi-
chelson, and Augustine 1956, Waffle 1963, Wilkialis
1964, McAnnally and Moore 1965, 1966, and Hatto
1968. They showed that certain leeches attack cer-
tain snails by sucking snail blood or eating the
soft animal tissues while both are confined in the
same aquarium. There may have been some discrimi-
nation by the leech when given a choice of mollusk
species, but certain leeches usually attacked snails
without discrimination after a period of fasting.
Those studies generally emphasized the prey-preda-
tor relationships. These associations and others
will be considered in the appropriate sections of
this paper.

Summary of all molluscan hosts cited
from the literature and this study

A comprehensive review of the published litera-
ture on mol lusk-leech association (Table 1) revealed
that several species of leeches are worldwide in
distribution while others are limited to North Am-
erica, Table 1 is a compilation of the published
literature and this study of all known leeches in
the family Glossiphoniidae and those leeches in the
families Erpobdellidae and Hirudinidae reported to
feed on molluscan hosts. This study and the recent
investigation of Sawyer (1972) showed some of the
earlier reports to be inaccurate. Only accounts
with strong proof that the leeches have specific
feeding habits should be considered in discussing
leech feeding behavior. In addition, Sods (1970)
listed 21 genera and more than 140 species of
leeches in the family Glossiphoniidae, but for many
of them the diets are unknown or questionable or
not properly recorded. Also, some species listed
in Table 1 appear to have specific molluscan hosts
under natural conditions and in aquaria or both.
In addition, many species of leeches in the fami-
lies Erpobdellidae and Hirudinidae have been re-
ported withunknown feeding requirements even though
their trophic dynamics do not seem very complex.
Only those leeches in these two families which have
been reported to feed on mollusks are included in
Table 1. Any species listed in Table 1 reported to
feed on a specific animal or animal group that may
be questionable are shown with a question mark. For
other animals which North American leeches feed on,
see Klemm (1972a) and Sawyer (1972), The distri-
bution of all North American leeches is given in
?tudies by Klemm (1972b), Sawyer (1972), and Davies
1973).

The feeding behavior of leeches is generally ac-
cepted asa form of predation. Nevertheless, wheth-
er their position inthe trophic scale is specific-
ally that of predator, parasite, or scavenger is
often questionable (Croll 1968 and Mann 1962). It
is generally accepted that predators kill or eat
their prey; parasites may feed on their hosts but
without killing them; and scavengers feed on dead
organisms.

Leeches inthe family Glossiphoniidae have a pro-
boscis and are adapted for sucking blood. In the
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process they may suck all the body fluids of a snail
and they may even devour all the tissues of the an-
imal as well. This process is clearly predation.
However, young specimens of the same leech species
were observed to live for a period inside its mol-
luscan host, probably taking only an occasional
blood meal. This mode of life may reasonably be
called parasitism. But supporting evidence in the
literature (Elliott 1917, Krull 1931, Antrum 1936,
Guibe 1936, Bennike 1943, Cherninet al. 1956, Har-
ry and Aldrich 1958, Waffle 1963, Moore 1964, McAn-
nally and Moore 1965, 1966, Moore 1966, Hatto 1968,
Klemm 1972a) also indicates that the leech-mollusk
association under laboratory conditions isa preda-
tor-prey relationship. However, strong evidence
in the literature (Bennike 1943, Wilkialis 1964,
Gruffydd 1965a, Hatto 1968, Sarah 1971, Klemm 1973)
also shows that under natural conditions the rela-
tionship. may be a parasite-host association. Ex-
perimentally and under natural conditions several
investigators (Wilkialis 1964, Moore 1964, Gruffydd
1965a, Hatto 1968, Sarah 1971, Klemm 1972a, 1973)
have demonstrated that certain leeches appear to
have a food preference for specific mollusks when
they are available.

In nature twopatterns, parasitism and predation,
exist. In both one species obtains food at the ex-
pense of another; the method has fundamental im-
portance to the predator or the parasite. The pro-
cesses are basic tothe way food is obtained in the
chain above the autotrophic level. As an example,
no functional difference exists between an herbi-
vore eating (‘preying upon’) a plant and a carniv-
ore killing (‘preying on’) an animal. An often ac-
cepted difference between predation andparasitism,
generally speaking, is that a predator is usually
larger than 1its prey and attacks its prey from
without, while a parasite is usually smaller than
its host and consumes it from within. Some believe
that since the predator-prey interaction causes a
reduction in the prey population, predation is de-
trimental to it. Such reasoning led to the concept
of ‘biological control’ which seems to have suc-
ceeded only with a few terrestrial organisms. Un-
fortunately with respect to this idea, coevolution
among species within natural ecosystems, both ter-
restrial and aquatic, leads to balanced populations
within a given community so that population sizes,
whether predator-prey or parasite-host, become in-
terregul ated by feedback mechanisms that effective-
ly control the population of both. Hence, they
will not drive each other to extinction.

Of the three families, Glossiphoniidae, Hirudi-
nidae, and Erpobdellidae (Table 1), the glossipho-
niids include most of the leeches that feed on
snails. In this table are included leeches that
have generally and specifically been reported as
feeding on mollusks, aswell as those whose feeding
habits are unknown although the are grouped in
this family which feeds on mollusks. Leeches which
appeared questionable are so indicated; within these
families only theNorth American genera and species
will be discussed here.

(Text continued after Table 1, next pagé et seq.)
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TABLE 1. Review of the literature and the present
study, showing leeches in the family Glossipho-
niidae and those other leeches associated with
molluscan hosts,

HOSTS AND LEECHES LEECH DISTRIBUTION

‘Family Glossiphoniidae
N. America

Actinobdella Moore (3)
Fishes, turtles (?)

Ancyrobdella Oka. (1) Japan
Unknown

Baicaloclepsis Lukin & |

Epshtein (2) Lake Baikal

Unknown ‘

Batracobdella Viguier (19] World-wide
Mollusks (?), Crustaceans
fishes, amphibians

B. kasmiana (Oka) Japan, China

Mussels (?): Dipsas sp.,

Anodonta sp.

B, michiganensis Sawyer
Unknown

B. paludosa (Carena)
Snails (?), tadpole

U.S.A. (Michigan)

Europe, Afghanistan,
China, Japan, N. Ameri-

(Pelobates fuscus) e

B. phalera (Graf) N. America
Snails (?), fishes

B. picta (Verrill) N. America

Snails (?), amphibians
B. reticulata (Kaburaki)
Anodonta (?)
B. tricarinata (Blan-
chard) ‘
Spatha wahlbergi Krauss

Boreobdella Johansson (1) N & C Europe, Siberia
Snails !

B. verrucata (Fr. Miill.)
Aplexa hypnorum (L.)
Bythinia tentaculata (L.)
Lymnaea auricularia (L.)
L. ovata Draparnaud
L. palustris O, F. Miller
L. stagnalis (L.) R
Paludina fasciata (O.F. Mill)
Planorbis albus (0.F. Mill.)

*P. corneus. (L.)

*P. nitidus (O.F. Mill.)

*P. planorbis (L.)

Sphaerium corneum (L.)

Valvata piscinalis (O.F. Mill,)

Dismobdella Oka (1) Brazil .
Unknown | .

India, Malay Peninsula

S, C, E Africa

Europe, except S. Eu{
rope

‘ Hosts are shown in roman and italics; leeches in
boldface. C: central, E: eastern, N: northern,
S: southern.

Following generic names of leeches, the numbers of
species and subspecies (indicated by the #) given
in parentheses.

* Indicates snail was eaten by a leech only under

" laboratory conditions. ;

*¢ Indicates the snail was eaten by a leech under
laboratory and natural conditions.
All others under natural conditions.

Glossiphonia Johnson World-wide
(11 + 3)
Aquatic invertebrates,
primarily snails, crus-
taceans, insect larvae,
worms, oligochaetes
G. annandaleri Oka
Tai intha Annandale
G. complanata (L.) Holarctic Region: (Ar-
*Bythinia tentaculata (L.) gentina?), Europe, N.
Gyraulus parvus (Say) America, India, Zaire
*'Helisoma anceps (Conrad)
H. campanulatum (Say)
*H. trivolvis (Say)
*Lymnaea reflexa
Lymnaea sp.
*L. stagnalis (L.)
*Lampsilis siliquoidea
(Barnes)
Hydrobia jenkinsi Smith
*Promenetus exacuous (Say)
*Physa fontinalis Tayler
*P. gyrina Say
*P. heterostropha Say
*P. integra Haldeman
Pisidium sp.
*Planorbis corneus (L.)
*P. wortez (L.)
Sphaerium simile Say
*‘S. transversum (Say)
G. cruciata Bhatia
Gastropods
G. heteroclita (L.)
*Ancylus sp. )
*Bythinia tentaculata
L
Enchytraeus albidus
*Leptolimnaea glabra
(Mill.)
*Lymnaea peregra Mill,
*L. stagnalis (L.)
Pachylabra maura Beeve
*Physa fontinalis (L.)
P. gyrina Say
P. heterostropha Say
*Planorbis corneus (L.)
*P. contortus (L.)
*P. nitidus O.F. Mull.
*P. umbilicatus
G. var. hyalina (0.
F. Mull.)
*Lymnaea stagnalis (L.)
*Planorbis corneus (L.)
*Radix ovata Draparnaud
*Stagnicola palustris (Miller)
G. intermedia Goddard Australia, Tasmania
Bythinia australis
G. novaecaledoniae
Johnson
Bythinia australis
G. swampia (Bosc)
Unknown (snails)
G. tasmaniensis Ingram Tasmania
Snails ‘
G. weberi Blanchard
Ampullaeria sp.

India

India

Holarctic Hegion: Eu-
rope, N. America, In-
dia, C. & E. Africa

Europe

New Caledonia

U.S.A. (Carolinas)

India, Burma, Indone-
sia, (?Uganda)



Lymnaea sp.
Paludina sp.
Viviparus oxytropis Benson

HaeTe?taria de Fillippi

5
Homoiothermic vertebrates.
also man

Helobdella Blanchard (31)
Aquwtic invertebrates, pri-
marily insect larvae, crus-
taceans, mollusks, tadpoles
(?), oligochaetes, *Bulinus
truncatus

H. elongata (Castle)
Snails (?), insect lar-
vae, oligochaetes

H. fusca (Castle)
*Australorbis glabratus

(Say)

*‘Helisoma anceps (Conrad)
*'H, trivolvis (Say)

*H. campanulatum (Say)
Lymnaea reflexa (Say)

L. stagnalis (L.)
*‘Promenetus exacuous (Say)
*'Physa gyrina Say

P. integra Haldeman

P. parkeri ‘Currier’ De Camp
Pisidium virginicum (Gmelin)

H. stagnalis (L.)

Mollusk (?), insect larvae,
oligochaetes, crustaceans
Asellus aquaticus (L.)?
Cincinnatia emarginata

(Kiister)

*Physa gyrina Say ?

*P. integra Haldeman ?
*Lymnaea reflexa (Say) ?
Promene tus exacuous (Say)
Planorbis albus O.F. Mill. ?

*Pisidium sp. ?

*‘Sphaerium transversum (Say)

Helobdella lineata (Verrill) N, C, S. America
*'Helisoma anceps (Conr.)
*’H. campanulatum (Say) .
*'H., trivolvis (Say)
*’Physa gyrina Say

H. papillata (Moore)
*’Helisoma anceps (Conr.)
*’H. parkeri ‘Currier’

DeCamp
*'H. trivolvis (Say)
*H. campanulatum (Say)
Lymnaea me gasoma Say
Physa gyrina Say
Gyraulus parvus (Say)
Stagnicola elodes (Say)

H. punctatol ineata Moore
*Australorbis glabratus Say
*Planorbis corneus (L.)

H. transversa Sawyer
Unknown (snails) :

Hemiclepsis Ve jdoysky (5)
Fishes, amphibians,
rarely mollusks

H. marginata (0.F.Mull.)
Mollusks (?)
Lamellidens sp. (?)

Neotropical Region

World-wide, excepting
Notogaea

N, C, and S America:

Cosmopolitan; unknown
from Notogaea’

N. America

Puerto Rico, U.S.A.

U.S.A. (Michigan)
Palearctic Region: 'In-
dia, Kashmir, Japan,
Sumatra - -

Palearctic Region: Eu-
rope, India, Japan,

China
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H, japonica Oka
Mollusks (?)

Japan

Marvinmeyeria Soos (1) North America

Snails

M. lucida (Moore)
Aplexa hypnorum (L.)
Gyraulus parvus (Say)

Helisoma trivolvis (Say)

North America

*Promenetus exacuous (Say)

Planorbula armigera (Say)

*Physa heterostropha (Say)

P. gyrina Say

Lymnaea emarginate Say
Stagnicola elodes (Say)
S. exilis (Lea)

Oculobdella Antrum (1)

Aquatic snails

0. socimulcensis

(Caballero)

Physa osculans Haldeman

Oligobdella Moore (¥)
Amphibians

Oligoclepsis Oka (1)
Unknown

Parabdella Antrum (5)
Amphibians, Reptiles

Paraclepsis Harding
Turtles, freshwater

crustaceans
Paratorix Lukin &
Epshtein (1)
Unknown

Placobdella Blanchard
Amphibians, reptiles,
fishes

P. gracilis Blanchard
Lymnaea acuminata (?)
Paratelphusa sp. (?)

P. montifera Moore
Mussels (?), Snails (?),
fishes

P. ornata (Verrill)
Snails (?), Turtles

P. parasitica (Say)
Snails (?), Taia shanen-
sis ?, turtles

Podoclopsls Dequal (1)
Unknown

Theromyzon Philippi
Birds, rept11es, mam-
mals

Family Hirudinidae
Macrobdella Verrill
(3)

(31)

Mexico

Mexico

U.S.A., Brazil, Japan,
Soviet Union

Japan

Ethiopian Region: Cey-

lon, India, China, In-
dia, Thailand

Lake Baikal
'W;rld-wide
Java, India

N. America

N. America, Mexico,
Japan (Lake Biwa)
N. America

Ecuador

World-wlde, except the
Notogaea

N. and C. America

Sanguivorous (Vertebrates)

M. decora (Say)
Snails (?), vertebrates,
also man
" Haemopis Savigny (7)
(:Mollibdella, Bdel-
larogatis, Percymoo-
rensis Richardson)
Macrophagous, oligochae-
tes, insect larvae
H. grandis (Verrill)
Snails, clams,
Lymnaea stagnalis (L.)

N. America, Mexico

Western Palearctic

N. America
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Physa ‘spp.
Helisoma campanulatum (Say)
Campe loma sp.
Anmnicola sp.
Sphaerium spp.

H. plumbea Moore
Macrophagous (Snails?)

H. sanguisuga (L.)
Macrophagous (Mollusks?)

N. America

W. Palearctic Region

H. marmorata (Say) Moore N. America
Snails, pelecypods, slugs,
Physa spp.

H. terrestris (Forbes) U.S.A.

(=H. lateralis (Say) Moore)
Macrophagous (snails?)
H. lateromaculatum
Mathers
Macrophagous (mollusks?)
H. kingi Mathers
Macrophagous (mollusks?)

U.S.A.

U.S.A.

Family Erpobdell idae

Nephelopsis Moore (1)
Macrophagous, oligochaetes,
insect larvae

N. obscura Verrill
Snails, oligochaetes, in-
sect larvae

Dina R. Blanchard (11-1)
Macrophagous, oligochaetes,
insect larvae

N. America
N. America

N. America, Soviet
Union, Europe, China
D. parva Moore

N. America
Snails (?)

Mooreobdella Pawlowski (3) N. America
Macrophagous, oligochaetes,
insect larvae

M. bucera (Moore) N, America (Michigan)

Snails (?)
M. fervida (Verrill) N. America
Snails (?) ‘
M. microstoma (Moore) N. America
Snails (?) '
Erpobdella Blainville World-wide: N. America,
(8-2) Europe, Asia, Africa

Macrophagous, oligochaetes,
insect larvae, crustaceans

E. punctata (Leidy)
Snails (?)

N. America

Although the glossiphoniid genus Batracobdella
has a world-wide distribution, in North America its
species are among the least known of all leeches.
The following four have been reported from this
continent: B. paludosa, B. picta, B. phalera, and
B. michiganensis, B. picta and B. phalera were re-
ported to feed on invertebrates (Mathers 1948), but
this claim probably is doubtful. Evidence adduced
by Richardson (1949), Brockleman (1968, 1969), and
Klemm 1972a showed that B. picta regularly feeds
on amphibians. Pearse (1924) supposedly removed
this leech from the white sucker (C. commersonni)
and the yellow perch (Perca flavescens), but that
report is doubtful. B. phalera was recorded by
Bere (1931) feedingon the bluegill (Lepomis macro-
chirus); fish of the same species were found by
Klemm (unpublished data) with this same leech. Waf-
fle (1963) reported that this leech fed on the Am-

erican toad (Bufo americanus) and Graf (1899) found
it on a turtle; Blanchard (1894) reported that it
fed on the gills of tadpoles. The species B. mi-
chiganensis has unknown feeding habits but may
well be an amphibian feeder.

The two main glossiphoniid genera, Glossiphonia
and Helobdella, have several species known to feed
on mollusks, as well asother animals. The members
of the almost world-wide freshwater genus Glossi-
phonia that feed mainly on mollusks,are represented
in North America by three widely distributed spe-
cies: G. complanata, G. heteroclita, and G. swamp-
iana. Several investigaters such as Nachtrieb et
al. (1912), Moore (1924), Miller (1929, 1937),
Bhatia (1939), Bennike (1943), Mathers (1948), Pen-
nak (1953), Mann (1955, 1957a) 1962, 1964), Grasse
(1959), Waffle (1963), Moore (1966) Soés (1966),
Sapkarev (1967), Wilkialis (1970b), Klemm (1972a),
Sawyer (1972), and others considered G. complanata
predominantly a predator on mollusks though it has
been reported to feed occasionally on other inver-
tebrates. Under laboratory conditions Moore (1964)
reported that ithad a feeding preference for Physa
heterostropha and Promenetus exacuous but did not
feed on Lymnaea emarginata. Sawyer (1972) observed
that it fed on Physa while still carrying young;
the young fed on it also. Sarah (1971) found two
juveniles parasitizing both Helisoma trivolvis and
H. anceps in acreek that had a large adult G. conm-
planata population. Gale (1973), furthermore, ob-
served it on Sphaerium transversum in the field;
it also fedon this bivalve in the laboratory. Dur-
ing this study, G. complanata fed in the laboratory
on H. trivolvis, H. anceps, H. campanulatum, G.
parvus, P. exacuous, P, gyrine, and P. integra.
Immunological data (Fig. 33) showed that the gut
contents of adults collected under natural condi-
tions, definitely contained molluscan tissue.

Glossiphonia heteroclita is uncommon in North
America (Klemm 1972a, 1972b and Sawyer 1972). Its
biology was studied in England by Gruffydd (1965a)
and in Wales by Hatto (1968). In some habitats it
has been shown to have an intimate relationship
with a number of snails (Gruffydd 1965a and Hatto
1968) . Gruffydd (1965a) found it in the mantle ca-
vity of Lymnaea peregra; Hatto (1968) found that in
another habitat it fed mainly on Lymnaea stagnalis.
Bennike (1943) recorded Physa nitidus, P. contortus
and L, stagnalis as food of this species, and Her-
ter (1932) cited Lymngea peregra. Guibe (1936)
experimentally fed it on a variety of mollusks
(Lymnaea peregra, Planorbis corneus, P. umbilica-
tus, Leptulimnaea glabra, Physa fontinalis, Ancylus
sp.); and Mann (1955) observed it on Bythinia ten-
taculata. Pawlowski (1936) considered the state-
ment by Lukin (1929) that G. heteroclita feeds on
larvae of Tenidpedidae and Oligochaeta as open to
doubt. Mathers (1948) reported that in general it
fed on aquatic worms, snails, and insect larvae,
but its food preference appeared tobe snails. Saw-
yer (1972) stated that, as yet, no evidence of a
relationship  between G. heteroclita and a snail
existed in North America. During this study one
adult specimen of G. heteroclita was found parasi-
tizing Physa gyrina which in some areas may be its
preferred host. G. swampina is very uncommon and



is only known from South Carolina (Sawyer, 1973).

- Its feeding habits are unknown but since it is
closely related to G. heteroclita its food prefer-
ence may be snails. At present, more evidence is
required.

The genus Helobdella is also world-wide and many
of its species attack mainly freshwater inverte-
brates; some of its species prefer mollusks. This
genus has its center of distribution in South Ame-
rica (Moore 1939 and Sawyer (1972). Some of its
species are the most taxonomically confusing in the
Americas due to the unsettled problem of polymor-
phism in the H. triserialis complex in South Amer-
ica and the H. fusca complex in North America

Helobdella stagnalis has been reported to feed
on oligochaetes, aquatic insect larvae, and snails
(Nachtrieb et al. 1912; Miller 1929, 1937; Mathers

1948; Pawlowski 1936; Waffle 1963; Pennak 1953;
Bennike 1943; Mann 1955, 1957b, 1962; Miller 1929,
1937 and others). Under laboratory conditions

Waffle (1963) observed that it fed on a variety of
animals, including mollusks. Moore (1964) experi-
mentally fed it the soft tissues of Promenetus ex-
acuous; it would not eat Helisoma trivolvis, Lym-
naea emarginata, and Physa heterostropha. Hilsen-
hoff (1963) and Thut (1969) observed that it fed
readily on chironomid larvae and oligochaetes; Sap-
karev (1967) listed chironomid larvae, tubificids,
and the amphipod Hyalella azteca, and possibly other
leeches, rather than feeding on snails. Mann
(1957b) also listedchironomid (tendipedid) larvae.
Sawyer (1972) in his laboratory was unable to get

it to feed on the snails Physa, Stagnicola or He-

lisoma. Bennike (1943) also recorded that it sucked
larvae and the isopod (Asellus sp.) and snails;
Moore (1966) experimentally fed this leech chiro-
nomid larvae, oligochaetes, and small snails. Gale
(1973) found Helobdella stagnalis on Sphaerium
transversum and experimentally fed it this bivalve.
During this study it. was seen as free-living on
sphaeriid clams but was not observed feeding on
* them under 1aboratory conditions. Herrmann (1970)
stated that in many Colorado waters Glossiphonia
complanata was found with Helobdella stagnalis.

While he considered the food habits of these two
leeches as similar, subtle dietary differences
seemed to be present. Both fed on chironomid lar-
vae, oligochaetes and small snails. However, Paw-
lowski (1936) stated that snails were preferred.by
G. complanata, but that H. stagnalis took oligo-
chaetes and chironomid larvae in preference to
snails.

The leech Helobdella elongata has been reported '

to feed on various snails, worms, and insect lar-
vae (Nachtrieb et al. 1912 and Mathers 1948), but
some of these are probably doubtful as food organ-
isms. Very little is known about its biology ex-
cept thatit does not usually feed on Tendipes lar-
vae (Hilsenhoff 1964) under laboratory’ condltxons

Helobdella fusca and the closely related species '

H. lineata, H. papillata, and H. punctatolineata
favored snails as food, and it was suggested by
Moore (1939), Chernin et al. (1956), McAnnally and
Moore (1965, 1966) and Hoffman (1970) ‘that these
species might serve as a means for biological con-
trol.

" phalaria) glabratus

‘neata, papillata,
- feeds mainly on mollusks.
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A literature search gave only one tangible report
(Crewe and Cowper, 1973) of an unidentified species
of Helobdella feeding on a laboratory culture of
Bulinus truncatus which was obtained in the field
of an endemic area of schistosomiasis in Egypt. No
field studies, however, have been done under natu-
ral conditions.

In North America Sawyer (1972) found H. fusca at-
tached to the snail Helisoma, a probable host.
Klemm (1972a) found it feeding on H. trivolvis, L.
stagnalis, and P. parkeri. Waffle (1963) listed
it as consuming Pisidium virginicum, Physa gyrina,
P. integra, Promenetus exacuous and the insect lar-
vae Tendipes sp. During the present study it fed
on a variety of mollusks (H. anceps, H. trivolvis,
H. campanulatum, P. gyrina, P. exacuous) in the la-

boratory. Under natural conditions there was a
snail preference for H. trivolvis and H. campanu-
latum.

Helobdella lineata fed on H. trivolvis (Klemm,
1972a) and under laboratory conditions it fed on H.
anceps, H. trivolvis, H. campanulatum, and P, gyri-
na. Sarah (1971) noted a selective association
between this .leech and H. trivolvis; in this study
there was also a selective preference for H. tri-
volvis.

Helobdella papillata fedon H. anceps, H. trivol-
vis, P. parkeri (Klemm 1972a). Sarah (1971) indi-
cated a'definite food preference for the snail He-
lisoma anceps in the field. In our laboratory it
also had a preference for H. anceps, P. gyrina, S.
elodes, and L. megasoma.

Helobdella punctatolineata is widely distributed
in Puerto Rico but 1is found occasionally in North
America (Richmond, 1972 and Klemm, unpubl.). J
Moore (1939) suggested that this species might pos-
sibly serve as a biological control agent against
snail intermediate hosts since it was observed to
feed on Planorbis corneus and Australorbis (=Biom-
(the latter the intermediate
host of Schistosoma mansoni) in aquaria. Harry et
al. (1958) found this leech in association with
Australorbis glabratus under natural conditions.
It readily decomated laboratory colonies of snails.
McAnnally et al. (1965, 1966) experimentally found
Helobdella leeches were a significant potential
hazard among laboratory snail colonies.

Helobdella transversa from southern Michigan (Saw-
yer 1972) as yet has unknown feeding habits. Like
the other similar species in this genus (fuscae, li-
and punctatolineata) it probably

' The leech, Marvinmeyeria lucida, is known only
from North America and evidence obtained from vari-
ous studies has shown that it has definite snail-
eating habits. J. E. Moore (1964) observed this
species feeding on Physa heterostropha, Promenetus
exacuous, and Lymnaea emarginata. He also found
that when M. lucida was segregated and supplied
with all three of these snails, there was a definite
preference for Physa heterostropha. Klemm (1972a)
removed this species from the mantle cavity of a
common woodland pool snail (Lymnaea palustris).
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Klemm (1973) found young of this leech seasonally
parasitizing a variety of snails (H. trivolvis, P.
exacuous, G. parvus, A. hypnorum, P. armigera,and
S, exilis). ‘

The genus Placobdella is well represented inNorth
America. There is strong evidence that the members
of its species feed specifically on turtles, amphi-
bians, and fishes, but not on mollusks. Although
P. ornata and P. parasitica have been reported to
feed on mollusks, this is doubtful since evidence
by Kopenski (1969), Klemm (1972a), Sawyer (1972),
and others indicates that they feed predominantly
on turtles but could attack other animalsoccasion-
ally.

The leech P. montifera was reported to feed on
mollusks, turtles, fish, frogs, and toads by Math-
ers (1948) and Nachtrieb et al. (1912). The latter
(1912) stated that this species habitually enters
the shells of living mussels, although it is not
known definitely whether it feeds upon their tis-
sues. Evidence by various authors (Harms 1959,
1960; Here 1931; Pearse 1924;Hoffman 1967; HRyerson
1951; Bangham 1933; Bangham and Hunter 1939; Rich-
mond 1972; Poe 1972; Klemm, unpubl. data) have shown
" that its only specific host records involve a var-
iety of fishes.

The genus Theromyzon is cosmopolitan in distri-
bution. The three North American species are true
bird leeches as recorded by Sooter 1937; Moore and
Meyer 1951; Meyer and Moore 1954; Moore 1966; Mc-
Donald 1969; and Klemm 1972a. Records stating that
;his genus feeds upon mollusks are probably doubt-
ul.

Many hirudinid leeches are blood sucking para-
sites of man and domestic animals; others live on
invertebrates. The North American species are con-
tained in two genera: Macrobdella and Haemopis
(sMollibdella, =Bdellarogatis, and =Percymooren-
sis).
different degrees of dentition and have either san-
guivorous or macrophagous feeding habits.

Macrobdella decora, known only from North Ameri-
ca, is a voracious predator, feeding on many ver-
tebrates (Mann 1962, Kopenski 1969, Klemm 1972a,
Sawyer 1972). Stomach contents also include large
numbers of tubificids, and occasionally insect lar-
vae (Ward 1902 and Nachtrieb et al. 1912). Brock-
leman (1968) stated that it preyed on eggs of Bufo
americanus and tadpoles of R. catesbeiana, and Klemm
(1972a) also observed .it feeding on salamander
eggs.

Haemopis (“Mollibdella) grandis is known only
from North America. It lacks jaws and is toothless,
and is a predator and scavenger rather than a para-
site, Items in stomachs include various pulmona-
tes, bivalve shells, and other leeches. It also
eats oligochaetes, leeches, snails, aquatic in-
sects and their larvae, and crustaceans (Nachtrieb
et al. 1912; Moore 1922, 1923; Ryerson 1915; Mil-
ler 1929, 1937; Mathers 1948; Meyer andMoore 1954;
and Mann 1962). Rupp and Meyer (1954) found it at-
tached to wounds of brook trout (S. fontinalis)

These species have large mouths with no or.

caused by M, decora. Chemberlin (1968) found in
its gut contents a variety of organisms: Physa,
Lumbricus ubellus, Hydrophilidae, N. obscura, Dina
sp., H. campanulatum, Sphaerium sp., Amnicola sp.,
L, stagnalis, Campeloma sp., tadpoles, and unident-
ified earthworms, leeches, and snail parts.

The rare leech Haemopis (=Bdellarogatis) plumbea
from North America, is reported to feed on snails,
earthworms, aquatic annelids, aquatic insects and
crustaceans, according to Nachtrieb et al. (1912);
Mathers (1948); Miller (1929, 1937); and Mann
(1962)

The genus Haemopis (“Percymoorensis) is also re-
presented in North America by four other species:
H. marmorata, H. terrestris, H. kingi, and H. la-
teromaculatum. These are considered somewhat am-
phibious, especiallyH. terrestris which isreported
to be terrestrial (Sawyer 1972).

Sawyer (1972) reported observing H. marmorata at
night along shorelines eating small invertebrates,
especially Physa, slugs, and oligochaetes. Young
individuals ate the soft parts of snails, but some-
times ingested shell as well. Stomach contents in-
clude pulmonate shells and large oligochaetes. This
species is a scavenger and predator rather than a
parasite and has been reported eating oligochaetes,
pelecypods, dead fish, insect larvae, and leeches
by Nachtrieb et al. 1912; Moore 1924; Moore 1966;
Miller 1929, 1937; Mathers 1948; and Mann 1962.
Klemm (1972a) found it feeding on the tissues of a

_ dead fish, eating the leech N. obscurae, and con-

suming frog eggs.

Haemopis (=Percymoorensis) kingi, found only oc-
casionally in Iowa, is reported by Mathers (1954)
probably to feed on many snails, especially Succi-
nea spp., slugs, earthworms, and various insect
larvae. The leech H. (=P.) latomaculatum, known
also from Iowa and found enly occasionally, was re-
ported byMathers (1963) as likely to feed on small
earthworms, terrestrial and amphibious snails,
slugs, and soft bodied insect larvae.

Haemopis (<Percymoorensis) terrestris, a unique
and seldom found North American leech, is truly
terrestrial (Sawyer 1972) and occurs in damp soil
and under rocks and logs. Stomach contents of this
leech (Sawyer 1972) contained large oligochaetes.
Forbes (1890a, b) also reported it to feed on oli-
gochaetes, and Nachtrieb et al. (1912), Miller
(1937), and Mathers (1948) recorded its food as an
added variety of organisms such as earthworms, a-
quatic annelids, snails, aquatic insects, and crus-
taceans.

The family Erpobdellidae has leeches which are
adapted for a predaceous way of life. All species
have a large mouth, without dentition, some are a-
quatic, devouring freshwater invertebrates; others
take up a burrowing existence at the edge of water
where they devour oligochaetes. Four genera and
one subgenus are represented in North America, Moo-
reobdella (=Dina), Dina, Erpobdella, and Nephelop-
sis. The genus Mooreobdella (=Dina) and Dina are
widespread in the Northern hemisphere. In feeding
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widespread in the Northern hemisphere. In feeding
they are macrophagous. M. fervida and M. micro-
gtoma were reported to consume aquatic worms in-
sect larvae, andsnails (Mathers 1948, Nachtrieb et
al. 1912, Miller 1929, 1937). Hermann (1970) re-
ported that M. microstoma fedextensively on snails,
chironomids and tubificids. Moore (1920) reported
the stomach contents of M. fervida to be -mainly
tubificid worms and some insect larvae. It was al-
so commonly found on dead animals (coot, duck,
shrew) near the edge of water. M. microstoma feeds
on small tubificid worms (Miller 1929, 1937). Dina
(=M.) bucera has unknown feeding habits, but it is
probably a scavenger and predator like M. fervida
and M. microstoma, rather than a parasite.

Mathers (1948) reported D. parva to be predaci-
ous feeding upon aquatic insect larvae, snails,
and worms. Nachtrieb et al. (1912) reported it to
be a scavenger, feeding on dead turtles and a dead
shrew. Herrmann (1970) reported it exten31vely fed
on snails, chironomids, and tubificids.

The leech species, D. dubia, has not been studied
in terms of its feeding habits. Sawyer (1972) found
insect larvae in its gut contents. Mathers (1948)
and Nachtrieb et al. (1912) reported its foods as
aquatic annelids, snails, insect larvae and crus-
taceans.

The genus Nephelopsis 1is represented in North
America by only one species, N. obscura. Stomach
contents contained insect larvae according to For-
bes (1893), Nachtriebetal. (1912),and J. E. Moore
(1966). Mathers (1948) reported it fed on oligo-
chaetes, snails and insect larvae and Hermmann
(1970) reported that it fed on snails.

The genus Erpobdella is represented in North Am-
erica by one species, E. punctata. Klemm (1972a)
found it feeding on a dead fish and also om fairy
shrimp (Chirocephalopsis bundyi) in a collecting
container. Mathers (1948), Nachtriebetal. (1912),
and Miller (1937) recorded small worms, leeches,
aquatic snails, insect larvae, dead animals, fish,
frogs, and crustaceans. Herrmann (1970) reported
it fed oh snails; Moore (1966) found it fed on va-
rious types of beetles, oligochaeus, and chirono-
mid larvae as indicated in its gut contents. Sap-
karev (1967) also reported this species to feed on
chironomids and oligochaetes. Sawyer (1970) ob-
served it consuming dead earthworms (Octolasium
lacteum), and eating damselfly nymphs and other
small unidentified aquatic insects. This species
is also a predator and scavenger rather than a pa-
rasite.

Leech and Mollusk Ecology

Many European investigators have stated that eu-
trophic habitats were usually favorable waters for
leeches (Pawlowski 1936, Bennike 1943, Sandner
1951, Mann 1955, Dobrowonkil958, .Sqnfinslu 1958,
Lukin 1962, Kalbe 1966, Wilkialis 1970a, and San-
der and Wilkialis 1972). Others adducing similar
data and comparing lentic with lotic waters in the

patemon (Strigea) gracilis.
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United States, areKopenski (1969), Herrmann (1970)
and Klemm (1972a). In addition, leech communities
in these waters were clearly differentiated and
their character was mainly dependent on the degree
of eutrophication of the specific habitat types.

Data available in the literature show that leeches
tend to avoid dystrophic waters and are usually
less numerous in oligotrophic ones. Boycott (1936)
also reported that aquatic mollusks could general-
ly be scaled so that at one end one would find to-
lerant mollusks which frequently could be found by
themselves or with other species; these tended to
have a wide geographic range while other more ex-
acting species often had a number of others living
with them which may be equally or less particular
and.they would have amore restricted distribution.

Most leech and mollusk investigators have empha-
sized the importance fordistribution and abundance
of such environmental factors as temperature pH,
cleanness of water, suitahle substrates presence
of places to which these leeches adhere, and de-
sirable foods. According to the literature certain
leeches and mollusks prefer cooler waters with al-
kaline pH ranges; they are reported not usually to
tolerate extremes in both for long,periods of time
(Bennike 1943, Mann 1962, Hermann 1970, Klemm
1972a). Warm waters tent to favor growth and breed-
ing of both leeches and mollusks. Hydrogen ion
concentrstions of acid-peaty waters with pH 6 or
less usually contain no snails (Boycott 1936) or
leeches (Klemm 1972a). As alkalinity increases,
the numbers of leeches and mollusks usually also
increase.

Parasites of Leeches

Campbell (1973a) reported that lymnaeids and cer-
tain leeches in the genus Helobdella (Ulmer,un-
published data) could serve as second intermediate
hosts in which cercariae encyst and undergo devel-
opment into metacercariae of the tetracotyle type.
He found that the genus He lobdella served as sec-
ondary intermediate host, along with Lymnaea stag-
nalis and Stagnicola reflexa, in the life cycle of
Cotylurus flabelliformis.

Mann (1962) found in working with Erpobdella oc-
toculata that itwas often possible tosee numerous,
clear cysts, called Tetracotyles typica inthe me-
senchyme; they were shown to be metacercariae of
strigeid trematodes. Bennike (1943) found tetra-
cotyles in Haemopis sanguisuga and E. octoculata;
they possibly belonged to the trematode species A-
_ Wesenberg-Lund (1934
and 1937) alsofelt that these tetracotyles belonged
to Apatemon (Strigea) gracilis. The tetracotyles
of this species.were formed from furcocercariae o-
riginating in Bythinia tentaculata and they devel-
oped to mature flukes in ducks (Szidat 1930). Wis-
niewski (1935) has, furthemmore, described a furco-
cercaria Cercarta dubia, which likewise forms
tetracotyles in E. octoculata. Meyer and Moore
(1954) found specimens of Haemopis (Percymoorensis)
marmorata heavily peppered with metacercariae, and
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J. E. Moore (1964) also found young and adult E.
punctata spotted with metacercariae of strigeid
trematodes. Bennike (1943) also found few speci-
mens of G. heteroclita infected with tetracotyles.

In Czechoslovakia, Vojtek et al. (1967) discov-
ered four metacercariae of trematodes (Apatemon
gracilis, Prohemistomulum sp., Prohemistomulum opa-
cum, and Cotylurus sp.) in leeches. In the liter-
ature there are reports that certain leeches and
mollusks may participate as second intermediate
hosts in the life cycles of some flukes that cause
dangerous helminthoses to birds. The definitive
hosts of these flukes belong mostly in the order
Anseriformes. The disease caused by them may be
fatal to domestic ducks. In some interesting hel-
minthological localities they found a high inten-
sity and anextensity of invasions in leeches which
provided suitable conditions for massive invasions
of waterfowl by these flukes. It was also reported
by Vojtek et al.(1967) that theycould not draw any
conclusions as to the specificity of these larvae
to their second intermediate hosts, although they

resumed that the most important supplementary
osts of 4. gracilis were leeches in the genus Er-
pobdella and the species Haemopis sanguisuga Par-
ticularly the latter had heavy invasions which may
be attributed to the large size of this leech since
much smaller leeches inthe genus Erpobdella would
certainly succumb to similar' invasions. Since
leeches belonging in the Glossiphoniidae are small
heavy infections would also kill them and they are,
therefore, not suitable as second intermediate hosts
for certain trematodes. Campbell (1973b) found that
under laboratory conditions successful development
occurred in L. stagnalis and S. reflexa of all
sizes, but few tetracotyles developed in the smal-
ler snails; also the number of metacercariae was
limited by temperature, snail size, and host spe-
cies. This relationship may also pertain to cer-
tain leeches.

Another metacercaria found inmollusks and leeches
(Vojtek et al. 1967) was designated as Tetracotyle
typica de Fillipi; they were recognized ‘for a con-
siderable time in the literature. The data con-
cerning their supplementary hostmention both leech-
es and mollusks. Some authors considered metacer-
cariae from mollusks as belonging to the same spe-
cies, Cotylurus cornutus (Rudolphi 1808); Szidat
(1930) and others considered them two spacies. The
species representation of the Tetracotyle form from
mollusks was confirmed repeatedly in experiments
by Ercolani 1881, Lutz 1921, Mathias 1925, Timon-
David 1943, Zajicek and Valenta 1964 and Zdarsks
1964. Szidat (1930) fiwst succeeded in rearing &d*
ult flukes from leeches. The metacercariae found
by him in the gonads of Erpobdella octoculata and
Haemopis sanguisuga developed inducklings into ad-
-ult flukes, Cotylurus cornutus. Tetracotyles from
leeches are congidered the larvae of the specie
C. cornutus also by Timon-David (1943), Dobrowolski
(1958) and Wisniewski (1968). Sudarikov (1959) and

Sudarikov et al. (1962) sssuped that tetracotyles .

from the lacunary system in the following leeches,
E. octoculata, Glossiphonia complanata, and Helo-
bdella stagnalis, probably belonged to another spe-
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cies than C. cornutus, therefore, designating them
Tetracotyle sp. Vojtek et al. (1967) are of the

opinion that tetracotyles of the genus Cotylurus

from leeches belong to different, although close-

ly related species, than the tetracotyles from
mollusks., Evidence supporting this fact was found

in experiments with cercarial invasions of second-

ary intermediate hosts. The cercariae developed
in Planorbarius corneus penetrated the leeches of
the species Haemopis sanguisuga, Erpobdella octo-

culata, Glossiphonia complanata, G. heteroclita,

Hemiclepsis marginata, andProtoclepsis tesselata.

The larvae of Cotylurus sp. were well distributed.

In some localities the extensiveness and intensi-

ty of invasions was very high. The leech H. san-

guisuga is probably playing the most important
role as the second intermediate host of Cotylurus

and it may cause serious disease to waterfowl.

As to the metacercariae of Prohemistomulum opa-
cum in leeches, no information has been available
on the life cycle of these larvae and there are
only varied views as to which genus the adult flu-
kes belong. By feeding metacercariae toducklings,
they recovered adult flukes of the genus Cyatho-
cotyle. These flukes can be dangerous to water-
fowl if the invasion is heavy (Shevtsov, 1958).Me-
tacercariae from five locations indicated ithad a
wide distribution. The most important second in-
termediate hosts in the developmental stagesof this
species are leeches of the species Haemopis sangui-
suga. Metacercariae of Prohemistomulum sp. are si-
milar toP. opacum, but when these larvae were fed
to young ducklings, coots, crows, and chicks, no
adult worms were recovered. This fact and the ob-
servation of morphological differences led to the
assumption that these larvae were not fully devel-
oped larvae of P. opacum. Vojtek etal. (1967) in-
dicated that these metacercariae mostprobably be-
long to the genus Cyanthocotyle. These associa-
tions and others will be considered in the appro-
priate sectiong of this paper.

OBJECTIVES OF THE STUDY

More exact knowledge of the ecology of leeches
(Hirudinea) has been needed for many species. Par-
ticularly. information on the complete diets of
most species is unknown even though their general
habits are not complex. Many leeches are suspected
of feeding on mollusks and other-animals. J. P.
Moore (1939) indicated that most of the smaller
species belonging to the family Glossiphoniidae were
habitually malacophagous and that they fed almost
exclusively upon aquatic snails. The more preda-
ceous leeches of the families Erpobdellidae and Hi-
rudinidae also fed on snails, as well as other in-
vertebrates and dead animals of all kinds. The
true blood sucking aquatic leeches in the families
Glossiphoniidae and Hirudinidee were thought usu-,
ally to tonfine their attacks to vertebrates, ex-
cent when hungry; and, if no vertebrates were ‘avail-
able, they would occasionally attack invertebrates.
Therefore, it seemed important in making a begin-
ning that a thorough review of feeding hebits of
leeches in the family Glossiphoniidae under natural
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conditions was necessary. Such information would
serve to indicate the number of species that are
likely to feed exclusively on the snail hosts of
schistosomes as well as other trematodes. The in-
vestigation might alsoreveal the leeches most like-
ly to tolerate the ecological conditions of the
snail intermediate host.

Because genera of the family Glossiphoniidae,
especially Helobdella and Glossiphonia, which are
world-wide in distribution and include some so-
called snail leeches, are abundant in southeastern
Michigan, there was ample opportunity to add to
the little data available ontheir feeding require-
ments under natural conditions. Consequently, -this
study was initiated to meet the following object-
ives: (1) to determine the degree of host-speci-
ficity among leeches in the family Glossiphoniidae
for freshwater mollusks occurring in southeastern
Michigan; (2) to learn what other parasites and
symbionts are found in mollusks infested with par-
ticular species of leeches; (3) to compare and de-
scribe leeches infesting mollusks within different
habitats such as woodland pools, ponds, lakes,
creeks and roadside ditches; (4) to determine the
sites inhabited by leeches inside specific snails;
(5) by concentrating on winter collecting to ob-
serve leech frequency in the snail populations;
(6) to find evidence as to whether leeches serve as
regulators of snail populations under natural con-
ditions; (7) to determine the degree to which mul-
tiple parasitism occurs; (8) to make serological
tests of gut contents of free-living leeches to ob-
tain evidence as to their molluscan feeding require-
ments; (9) to determine from the literature the
world-wide status of knowledge on leech-mollusk re-
lationships.

MATERIALS AND METHODS

General Procedure

Periodic collections made during 1972 and 1973
in Michigan yielded a total of 14,479 mollusk spe-
cimens. These specimens were from 10 permanent
stations and 25 incidental sites representing lakes,
ponds, woodland pools, roadside ditches, rivers and
creeks. Data on mollusk-leech ' associations were
recorded. The collections of mollusks from the
permanent sites were made monthly; incidental sta-
tions were sampled only in the different seasons.
Groups encountered were as follows:

(1) Order Mesogastropoda. Four families and 7
species of operculates: Viviparidae: Viviparus
(=Cipangopaludina) malleatus (=chinensis) Reeve,
Campe loma decisum (Say); Valvatidae: Valvatae tri-
carinata Say; Pleuroceridae: Pleurocera acutum Ra-
finesque, Goniobasis livescens (Menke); Amnicoli-
dae: Amnicola limosa (Say);, Bythinia (=Bulimus)
tentaculata (Linnaeus).

(2) Order Basommatophora: 3 families. with 19 spe-
cies of pulmonates. Lymnaeidae: Lymnaea stagnalis

and S. (M.) fabale Prime.
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appressa (Say), L. (=Fossaria) humilis (=obrussa)
Say, L. (Bulimnaea) megasoma (Say), Pseudosuccinea
(=Lymnaea) columella Say, Stagnicola (=L.) cata-
scopium Say, S. (=L.) elodes (=palustris) (Say),
S. exilis (Lea);Planorbidae: Helisoma anceps (=an-
trosum) (Conrad), H. trivolvis (Say),H. campanula-

tum (Say), Planorbula armigera (Say), Promenetus
exacuous (Say), Gyraulus (=Armiger) hirsutus
(Gould), G. (=A.) parvus (Say); Physidae: Physa

sayii Tappan, P, gyrina Say, P. integra Haldeman,
P. parkeri ‘Currier’ DeCamp, Aplexa hypnorum (Lin-

‘naeus).

(3) Order Sphaeriacea: one family yielding 3 spe-
cies of sphaeriacean clams: Sphaeriidae: Sphaerium
simile (Say), S. (zMusculium) lacustre '(Miiller),

Sampling Methods

It was necessary to select study areas with re-

. latively large mollusk populations since only in

such a situation could reliable data be obtained
during repeated sampling. The effects of over-col-
lecting, destruction of the aquatic habitat, and
interference with the dynamics of a natural popula-
tion were minimized. The possible adverse effects
of over-collecting could have been especially im-
portant at the permanent collecting sites because
they were sampled monthly for 2 years.

The clustered distribution of mollusks prompted
the use of a ‘time’ capture method which was well
established and tried formollusks by Macan (1950).
This method gives ample opportunity to find the
places of occurrence most favored by mollusks. The
average time to obtain a sample was about 45 min-
utes.

Within each sampling period at least 25 or more
mollusks, sometimes fewer and depending on the spe-
cies availability, were removed at random. As each
specimen was collected it was examined for attached
leeches andplaced individually in separate plastic
bags (sandwich size) with some water. The animals
were then taken to the laboratory for careful ex-
amination. When collections .were large, the mol-
lusks in their respective plastic bags were stored
temporarily in a refrigerator until they could be
examined. The incidental collecting sites served
to provide additional data on leech-snail associa-
tions and their distribution; they also yielded
other species of snails not found in southeastern
Michigan.

Collecting Sites

The 10 permanent stations* at which I obtained
collections of mollusks and recorded meteorological,
physical, chemical, and biological data were at
the following locations in southern Michigan:

Bert Pond (T1S, R3E, S19), E. S. George Reserve,

* These sites were designated using the standard
methods on old county maps of Michigan. T: town-
ship, R: Range, and S: section.
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Livingston County

Crane Pond (TlS R3E, S19),
Livingston County

George Pond (TlS R3E, S19),
Livingston County

Lake (T2S, R3E, SINE), Washtenaw County

Woodland Pool (T2S, R3E, S9SW), Washtenaw Coun-

E.S. George Reserve,

E.S. George Reserve,

ty

Fleming Creek (T2S, R6E, S25SE), Washtenaw Coun-
ty

Roadside Ditch (T1S, R3E, S19SE), Washtenaw Coun-
ty

Four-mile Lake (T2S, R4E, S4SE), Washtenaw Coun-
ty

Woodland Pool (T2S, RSE, S28SE), Washtenaw Coun-

ty
Murray Lake (T2S, R7E, S10NW), Washtenaw County
The 25 incidental sites (24 in Michigan and 1 in
Ontario, Canada) were as follows:
Northeast Marsh (T1S, R3E, S30NE),
Reserve, Livingston County
Cressman Pond (T1S, R3E, S30NE),
serve, Livingston County
Roadszde Ditch (T25S, R4I:. S10SW), Emmet County
Joslin Lake (T1S, R3E, S3NE) Washtenaw County
Duck Lake (T2S, R3E, Sl2), Jackson County
Triangle Lake (T2S, R4E, S27), Livingston County
Huron River (T2S, R6E, S17SE), Washtenaw County
Sugar Loaf Lake (T2S, R3E, S3INE), Washtenaw
County
Fleming Creek (T2S, RTE, S8SE), Washtenaw County
Woodland Pool (T1S, R3E, S29NW), Washtenaw County
Mill Lake (712S, R3E, SANE), Washtenaw County
Cedar Lake (T2S, R3E, S9SE), Washtenaw County
Impoundment (T1S, R3E, S29SW), Washtenaw County
Waffle’s Pond (T4S, R7E, S33SE), Washtenaw County
Honey Creek (T1S, R4E, S26N), Livingston County
North Lake (T1S, R4E, S18NE), Washtenaw County
*South Lake (T1S, R3E, S10SW), Washtenaw County
Baw Besse Lake (T12S, R16E, S33), Muskegon County
Big Blue Lake (T12S, RI6E, S28), Muskegon County
*Roadside Ditch (T23S, R4E, S31S), Missaukee Coun-

ty :
*Douglas Lake (T37S, R3E, S27), Cheboygan County
Au Sable River (T26S, R3E, S7f12), Crawford County
Frains Lake (T2S, R7E, SONE), Washtenaw County
Pond (T2S, R4E, S25SE), vamgston County
Reef Channel, Detroit vaer (40009 30”) Lat. N.,
83907’ 30" Long. W), Ontario, Canada.

E. S. George
E.S. George Re-

See Appendix I for the geographic location of all
collection sites.

* Sampled twice

Collecting Methods

Mollusks were collected either individually by
hand or with the aid of a rectangular net (14 X
14’, mesh size 1/8”). At only one site (Reef Chan-
nel, Detroit River) were they collected in 9 feet
of water with a clam dredge.
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ldentification of Mollusks, Leeches,
Chaetogasters and Cercarial Types

The snails studied - were identified to species
using available taxonomic keys (Berry 1943, Baker
1928, Goodrich 1932, Walter and Burch 1957); the
sphaerud clams were identified with keys by Her-
rington (1962) and Burch (1972). The leeches were
identified to species using Klemm (1972b). Chae-
togasters were determined withPennak (1953), Brink-
hurst and Jamieson (1971). Trematode cercariae were
checked using Dawes (1968) and Schell (1970); the
midges with Mason (1973).

Examination of Snails for Parasites and Symbionts

Infestation of snails by leeches, parasite in-
fections with trematode larvae and the presence of
symbionts (chaetogasters and midges) were assessed
by carefully examining the outer shell of the mol-
lusk; then the shell was crushed with forceps or
probe and, after removing broken pieces of shell,
the exposed animal was examined. Under a dissect-
ing microscope the animal was carefully teased a-
part, The chaetogasters and cercariae were placed
on slides and identified under a compound micros-
cope. All ‘leeches present in the mollusks were
counted and their anatomical associations noted.
Chaetogasters or cercarial types were not counted
but their locations and relative abundance were
recorded.

Meteorological, Chemical, Physical,
and Biological Data

At the 10 permanent stations only one chemical
component, pH (Appendix II) of the water was meas-
ured. The physical methods involved a description
of bottom composition, based on a bottom classifi-
cation system by Roelofs (1944). Water temperature
was measured to the nearest degree with acentigrade
thermometer. Biological datataken included the
identification of the free-living inhabitants which
were found along with the mollusks collected at the
10 permanent sites.

Immunological Data

The procedures used were a modified micro-Ouchter-
lony agar gel diffusion method after Davies (1969)
and Burch and Lindsay (1970). Briefly these proce-
dures were as follows: Antibodies against H. tri-
volvis antigens were produced in 2 virgin female
rabbits by introducing intravenously into the exter-
nal marginal vein of each rabbit’s ear 2 consecutive
series of 5 one ml. injections of whole snail (the
antigen) in increasing concentrations, given on al-
ternate days. The injections consisted of the su-
pernatant liquid obtained after centrifugation of
the homogenized whole snail tissue. The series were
spaced 1 month apart and proceeded according to the
following schedyle:
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Day Started Weight in mg. of tissue homogenized

in 1 ml physioclogical saline

1,39 15.00
3, 41 36.00
5, 43 75,00
7, 45 150.00
9, 47 214.00

After 3, 5, and 10 days of the last injections,
50 ml of whole blood were drawn from the external
marginal ear vein of the rabbits. This blood was
allowed to clot at room temperature for 30 minutes
and cooled to 30 C for another 30 minutes to shrink
the clot. The clot and the serum were placed sepa-
rately in centrifuge tubes and spun at 3000 revo-
lutions per minute for 30 minutes, during which
time the temperature was maintained at 3° C. The
sera from the 2 tubes were combined and similarly
spun; this combined serum contained the antibodies.
The serum was freeze-dried into a finely powdered
substance and stored for further use.

Plates for the micro-Ouchterlony double diffusion
test (Ouchterlony 1949) were prepared by fastening
a glass ring (21 mm inside diameter and 10 mm in
height) to a microscope slide with petroleum jelly
(Appendix IV). The semi-solid medium used to fill
the rings was a 1% agar gel with 0.4% NaCl and
0.001% merthiolate (mold inhibitor).

The gel medium was prepared by combining 50 gm
of 2% deionized agar cubes, and 40 ml of 1% NaCl
solution. It was placed in an autoclave and heated
to 121° C at 10 lbs. pressure for 30 minutes. The
gel solution was cooled to 40° C in a water bath.
After adding 10 ml of the 1/1000 merthiolate solu-
tion, the gel was ready for use.

Two ml of the gel solution were added to each
plate and allowed to cool; as it cooled it solidi-
fied. The desired pattern of 4 wells was cut into
the gel using a special cutting device devised by
J. B. Burch in the Mollusk Division, University of
Michigan. The plate was ready for the immunodif-
fusion test.

The gut contents of starved, fed, and naturally
occurring leeches were removed and tested against
the prepared anti-snail serum. Four wells were cut
in the gel. With this type of well pattern two
leeches were tested against each other to show qua-
litative differences in their antigen-antibody re-
actions. Differences between homologous and hete-
rologous extracts were seen by comparing the pre-
cipitin reactions between wells A and B and between
wells A and C, respectively. Proteins occurring
.in the gut contents of one leech but not in the
other, can be observed by the reaction between wells
B and C. This is because the antiserum in well B
must pass through a surrounding barrier of hetero-
logous antigen, allowing only those antibodies
through to react that are not common to the gut
contents of the second leech. Thus, one can deter-
mine whether or not the leeches in question had
eaten or fed on snails, especially H. trivolvis.
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The presence or absence of precipitin reactions
between wells B and A were of prime interest in
this study. The space between wells C and A served
as control. e

The procedure for filling the wells with antigen
and antibody was as follows: Well B was filled with
the antigen of leech 1. Well C was filled with an-
tigen of leech 2 and wells A were filled with the
antibodies of H. trivolvis. In preparing these
plates, full strength antisera were used. The fluid
containing the antigen was the supernatant obtained
from centrifuging whole snail tissue homogenized in
4.0 ml physiological saline. The gells were allowed
to incubate for 3 to 5 days to allow the migration
of protein fractions and then observed for the
presence of precipitin bands.

RESULTS

Part |. Mollusks, leeches, chaetogasters, and
trematode cercariae listed by habitats under
natural conditions

Two objectives of this study were to determine
which mollusks were parasitized or eaten by leeches
and to learn which other parasites and symbionts
were found on mollusks infested with leeches.

Tables 2 through 11 give data gathered from 10
permanent collecting sites. A variety of mollusks
was collected from these habitats during 1972 and
1973.

A total of 12,027 mollusks was collected from
these 10 permanent stations and examined. Fifteen
species of pulmonate snails (Helisoma trivolvis,
H. campanulatum, H. anceps, Physa gyrina, P. inte-
gra, P. sayii, Aplexa hypnorum, Lymnaea columella,
L. humilis, Stagnicola elodes, S. exilis, Planor-
bula armigera, Gyraulus parvus, G. hirsutus, and
Promene tus exacuous), four species of operculate
snails (Amnicola limosa, Campeloma decisum, Valva-
ta tricarinata, Viviparus malleatus), and two spe-
cies of sphaeriacean clams (Sphaerium (Musculium)
lacustre and S. (M.) fabale) were examined.

These data (Tables 2 through 11 show the total
number of mollusks examined from each habitat and
the total number of leeches on each mollusk spe-
cies. All the mollusks carrying the symbiont, an
oligochaete (Chaetogaster limnaei v. Baer), and
those mollusks infected with the cercariae of am-
phistomes, and the distomes (cystocercous, gymno-
cephalous, echinostome cercariae, xiphidiocercari-
ae, strigea cercariae, furcocercariae, and macro-
cercous) are also indicated. The total snail-leech-
cercarial association and the total cercarial types
are given,

The presence of the aquatic oligochaete varied
from specimen to specimen - and from pond to pond.
Chaetogaster limnaei was as abundant on snails free
of trematode parasites as those infected with tre-
matode larvae and those infested with leeches. The
cercarial types varied with the snails, the season



STERKIANA NO. 58, JUNE 1975

Table 2, Snails examined from Bert Pond (T1S,R3E,S19), E. S, George Reserve,
Livingston County, Michigan, shows total snails, leeches, chaetogasters,
snail-leech-cercarial associations and cercarial types recovered,
Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total [Total [chaeto- | leech- with Distomes
Host moll-|leeches |gasters | cercarial | Trema- Amphi-| Cysto-| Gymno~ |[Echinostome|Xiphidio-|Strigea |[Furco-
usks assoc. todes stome | cercous|cephalous| cercariae |cercariae|cercariaecercariae
Helisoma
trivolvis | 885 523 831 17 50 1 0 9 31 14 2 2
Physa
gyrina 31 0 at 0 6 0 0 0 0 5 0 1
Lymnaea
humilis 1 0 0 0 0 0 0 0 0 0 0 0
Lymnaea
columella 24 0 0 0 0 0 0 0 0 0 0 0
Total 941 523 862 17 56 1 0 0 31 19 2 5
Table 3. Snails examined from Crane Pond (T1S,R3E,S19), E. S. George Reserve,
Livingston County, Michigan, shows total snails, leeches, chaetogasters,
snail-leech-cercarial associations and cercarial types recovered.
Total: Total Cercarial Types
Total | smail- Infected
Mollusk Total {Total |chaeto-| leech- with Distomes
Host moll-|leeches|gasters| cercarial| Trema- Amphi~| Cysto-| Gymno- Echinostome|Xiphidio-|Strigea [Furco-
usks assoc. todes stome |cercous |cephalous| cercariae |cercariae|cercariae|cercariae
Helisoma
trivolvis 317 96 317 1 22 0 0 0 10 3 5 4
Helisoma i
campanul-
atum 5481 122 548 2 99 1 0 0 49 32 2 16
Helisoma
anceps 224 108 224 0 1 0 0 0 1 0 0 0
Physa
gyrina 38 5 38 0 3 1 0 0 2 0 0 0
Lymnaea
humilis 2 0 0 0 0 0 0 0 0 0 0 0
Stagnicola
" elodes 7 0 4 0 2 0 0 0 1 0 0 ¥
Planorbula
armigera 4 4 4 0 (¢} 0 0 0 0 0 0 0
Physa i
sayii 11 0 11 0 0 0 0 0 0 0 0 0
Total 25T 33550111, 146 e 127 2 0 0 61 37 7 21
Table 4. Snails examined from Ceorge Pond (T1S,R3E,S19), E. S. George Reserve,
Livingston County, Michigan, shows total snails, leeches, chaetogasters,
snail-leech-cercarial associations and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total|Total [chaeto-| leech- with Distomes
Host moll-|leeches|gasters | cercarial | Trema- | Amphi-| Cysto-| Gymno- Echinostome| Xiphidio~|Strigea |Furco-
usks assoc. todes stome |cercous|cephalous| cercariae |cercariae|cercariae|cercariae
Helisoma
trivolvis | 485 182 485 3 18 0 2 1 11 4 0 0
Lymnaea
‘humilis 19 0 19 0 1 0 0 0 1 0 0 0
Gyraulus
parvus 2 0 2 0 1 1 0 0 0 0 0 0
Total 506 182 506 3 20 1 2 1 12. 4 0 0
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Table 5. Snails examined from a lake (T2S,R3E,SINE), Washtenaw County, Michigan,
Shows total snails, leeches, chaetogasters, snail-leech-cercarial
associations and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total|Total chaeto- | leech- with Distomes
Host moll-| leeches |gasters | cercarial | Trema- Amphi-| Cysto-| Gymno- Echinostome|Xiphidio-|Strigea Furco-
usks assoc. todes stome | cercous|cephalous| cercariae |cercariae cercaria_e_{ cercariae
Helisoma
trivolvis| 649 104 638 2 41 0 0 0 7 29 5 0
Helisoma
campanu-
latum 59 14 59 0 2 0 0 0 0 2 0 0
Helisoma
anceps 16 3 16 0 0 0 0 0 0 0 0 0
Planorbula
armigera 4 0 4 0 0 0 0 0 0 0 0 0
Promenetus
exacuous 8 1 8 0 (6] 0 0 0 0 0 0 0
Lymnaea
columella 7 0 0 0 0 0 0 0 0 0 0 0
Lymnaea
humilis 30 0 30 0 1 0 0 0 0 1 0 0
Physa |
gyrina 46 0 46 0 - 3 0 0 0 2 0 0
Gyraulus
parvus 15 0 15 0 0 0 0 0 0 0 0 0
Amnicola !
limosa 775 0 0 0 0 0 0 0 0 0 0 0
Total 1,609 122 816 2 49 3 0 0 7 © 34 5 0
of the year, and the ponds sampled, and no mul- S. elodes, L. megasoma, L. stagnalis, P. parkeri,
and S. simile. None was found on the pulmonates:

tiple cercarial types were found.

Mollusks from Incidental Aquatic Habitats

A composite of the 25 incidental sites sampled
(Table 12) throughout Michigan has the following
distribution of habitats: 12 lakes, 3 rivers, 2
roadside ditches, 3 ponds, 2 creeks, 1 woodland
pool, 1 marsh, and 1 impoundment. Altogether 2452
mollusks were collected from these various habit-
ats. The sites were sampled to determine distri-
bution of leeches and other species of mollusks
found outside the 10 permanent collection stations.

Both the abundance and the diversity of mollusks
varied somewhat among these different habitats.
This study involved an examination of 18 pulmonates:
H. trivolvis, H. campanulatum, H. anceps, P. gyri-
na, P. integra, P. parkeri, P. sayii, L. humilis,
L. megasoma, L. stagnalis, L. emarginate, L. cata-
scopium, A. hypnorum, P. armigera, S. elodes, S.
exilis, P. exacuous, G. deflectus; 5 operculates:
C. decisum, Pleurocera acutum, Goniobasis lives-
cens, Amnicola limosa, Bythinia tentaculata; and 1
fingernail clam, S. simile, a total of 24 species.

To summarize, these data from the 10 permanent
and 25 incidental sites show a wide diversity of
mollusks were collected and examined; they harbored
an abundance of leeches, trematode larvae, and sym-
bionts. Leeches were especially abundant on H.
trivolvis, H. campanulatum, H. anceps, S. exilis,
and P. gyrina; they were found least on P. exacuous,
G. parvus, P. integra, P. armigera, A. hypnorunm,

L. columella, L. humilis, P. sayii, G. hirsutus,
L. catascopium; nor onthe operculates: V. tricari-
nata, C. decisum, V. malleatus, A. limosa, P. acu-
tum, G. livescens; nor on the sphaeriid clams S.
lacustre and S. fabale. Chaetogasters of the Chae-
togaster limnaei type were abundant on all mol-
lusks, except L. columella, A. limosa, V. trica-
rinata, P. parkeri, L. catascopium, and G. deflec-
tus. The cercarial infections varied not only in
terms of the species of mollusk but also from ha-
bitat to habitat. No mollusks had multiple cer-
carial types, and none was infested with multiple
species of leeches even though sites harbored in-
festations with many leeches. Only H.. trivolvis,
H. campanulatum, S. elodes, S. exilis, A. hypno-
rum, H. anceps, and P. gyrina had the leech-cerca-
rial association; H. trivolvis and S. exilis had
the highest number of such associations.

The woodland pools had less snail diversity than
the lakes or ponds even though some of the same
species of snails were present in all of these ha-
bitats.

Part 1l. Seasonal Variations among Snails
infested with Leeches from nine Permanent
Collecting Stations

The seasonal variations (inpercentages)of snail
infestation with leeches, as shown by monthly sam-
ples during 1972 and 1973, are tabulated in Figures
1 to 25. These data were recorded for one woodland
pool, three lakes, three ponds, one creek, and one
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Table 6. Mollusks examined from Four-Mile Lake (T2S,R4E,S4SE), Washtenaw Countys
Michigan, shows total mollusks, leeches, chaetogasters, snail-leech-cercarial
associations, and cercarial types recovered.
Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total|Total |chaeto- | leech- with Distomes
Host moll-|leeches|gasters | cercarial | Trema- Amphi-| Cysto-| Gymno- |Echinostome [Xiphidio-|Strigea |Furco-
usks assoc. todes stome |cercous |cephalous| cercariae |cercariae|cercariae|cercariae
——
Stagnicola
elodes 35 0 33 0 0 0 0 0 0 0 0 0
ea
columella 15 0 0 0 0 0 (] 0 0 0 0 0
Physa
Byrina 109 | 41 109 | 0 11 8 (4] 0 0 3 0 0
Physa
integra 31 0 31 ] 1 1 0 0 0 0 0 0
Helisoms
anceps 2 2 2 0 0 0 0 0 0 0 0 0
Helisoma
trivolvis 398 | 109 390 (o] 48 1 0 0 39 6 2 0
Helisoma
campanu-
latum & 3 4 " 3 0 0 0 0 3 0 0
Planorbula
armigera 11 0 11 0 0 0 0 0 0 0 0 0
Promenetus
exacuous 18 1 18 0 0 0 0 0 0 0 0 0
Gyraulus
hirsutus 6 0 6 0 0 (0] 0 0 0 0 0 0
Gyraulus
parvus 75 3 75 0 1 1 0 0 0 (1] 0 0
Valvata
tricar-
inata 329 (1} 0 0 0 0 0 0 (4] 0 0 0
Viviparus
maleatus 287 0 0 0 0 0 0 0 0 0 0 0
Campe loma
decisum 96 0 96 0 s 1 (4] 0 0 1 0 0
Amnicola
limosa 367 0 0 0 0 0 0 0 0 0 [} 0
Clam:
Sphaer fum
(Musculium)
lacustre 120 0 25 0 3 0 3 0 0 0 0 0
Sphaerium
1lium
fabale 140 0 39 0 7 0 7 0 0 0 0 0
Total 2,043 | 159 839 0 77 13 10 0 39 13 2 0
roadside ditch. Each of these stations provided woodland pool, followed by A. hypnorum, P. exacuous,
leeches. A percentage figure for infestation was and P. armigera.

obtained as follows: the number of snails infested
divided by the number of snails sampled, then mul-
tiplied by 100; this calculation gave the percent
frequency of occurrence. In this study if more
than one leech species was parasitizing various
snails in a particular habitat, these leeches were
grouped together, unless otherwise stated.

As shown (Figures lto 5), five species of smails,
S. exilis, d. trivolvis, P. exacuous, P. armigera,
and A. hypnorum, collected from a woodland pool
were leech infested but only one leech species, N,
lucida, was associated with them. S. exilis and
H, trivolvis were the most abundant snails inthe

The pool was first sampled in early spring of
1972 and yielded very few S. exilis. The snail po-
pulation increased, and on June 10, 1972, it was
infested with leeches. In July when the snail po-
pulation increased in number and size, the percen-
tage of infestation with leeches also increased.
H. trivolvis (Fig. 2), P. exacuous (Fig. 3), P.ar-
migera (Fig. 4), and A. hypnorum (Fig. 5) all con-
tained leeches. In July of 1972 the woodland pool
began to dry up and by August all of the S. exilis
collected were removed while aestivating in both
decaying and living vegetation. These snails when
collected had secreted an epiphragm and were able
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Table 7. Snails examined from Murray Lake (T2S,R7E,S10NW), Washtenaw County,
Michigan, shows total snails, leeches, chaetogasters, snail-leech-cercarial
associations, and cercarial types recovered.

Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total|Total |chaeto- | leech~ with Distomes
Host moll-|leeches|gasters | cercarial | Trema- Amphi-| Cysto~| Gymno- |Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome |cercous|cephalous| cercariae |cercariae|cercariae|cercariae
Helisoma
campanu-
latum 201 24 198 0 21 1 0 0 3 17 0 0
Planorbula
armigera 140 1 45 0 0 0 0 0 0 0 0 0
Helisoma
trivolvis 35 1 35 0 0 0 0 0 0 0 0 0
Helisoma
anceps 6 0 6 0 ] 0 0 0 (4] 0 0 0
Physa
integra 30 2 30 0 0 0 0 0 0 0 0 0
ea
columella 5 0 0 0 0 0 0 0 0 0 0 0
Promenetus ;
exacuous 3 0 3 0 0 0 0 0 0 0 0 0
Stagnicolas
elodes 2 0 ] 0 0 0 0 0 0 0 0 0
Amnicola
limosa 201 [¢] 0 0 0 0 0 0 0 0 0 0
Total 623 28 317 0 21 1 0 0 3 17 0 0
Table 8. Snails examined from a woodland pool (T2S,R3E,S9SW), Washtenaw County,
Michigan, shows total snails, leeches, chaetogasters, snail-leech- cercurial
associations, and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total|Total |chaeto- | leech~ with Distomes :
Host moll-| leeches|gasters | cercarial | Trema- Amphi-| Cysto-| Gymno- |Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome |cercous|cephalous| cercariae |cercariae|cercariae|cercariae
Stagnicola
exilis 677 321 0 13 79 10 0 0 62 3 4 0
Helisoma
trivolvis 48 60 0 0 0 e 0 0 0 0 0 0
Aplexa
hypnorum 82 7 0 1 3 0 1 0 1 0 0 1
" Planorbula ) .
armigera 15 4 0 0 0 0 0 0 0 0 T 0
Promenetus : .
exacuous 19 2 0 9 1 0 0 0 1 0 0 0
rVus 5 0 0 0 0 0 0 0 0 0 0 0
Total 846 394 0 14 83 10 1 0 64 3 4 1
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Table 9. Snails examined from a woodland pool (T2S,RSE,S28SE), Washtenaw County,
Michigan, shows total snails, leeches, chaetogasters, snail-leech-cercarial
associations, and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected I
Mollusk Total |[Total |chaeto- | leech- with Distomes
Host moll-|leeches|gasters | cercarial | Trema~ Amphi- [ Cysto-| Gymmo- |Echinostome|Xiphidio-|Strigea |Furco-
usks assoc: todes stome |cercous|cephalous| cercariae |cercariae)cercariae cercariae
Stagnicola
elodes 408| 0 0 0 40 0 0 8 10 20 2 0
Physa
gyrina 15710 0 0 59 13 0 0 12 Sl L 1
Aplexa
hypnorum 375 1 0 0 47 0 0 0 0 5 0 42
Promenetus
exacuous 268 O 0 0 56 12 0 0 8 3 0 33
Total 1,208| 1 0 0 202 25 0 8 30 56 7 76
Table 10. Snails examined from Fleming Creek (T2S,R6E,S25SE), Washtenaw County,
Michigan, shows total snails, leeches, chaetogasters, snail-leech-cercarial
associations and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected :
Mollusk Total|Total |chaeto- | leech- with Distomes
Host moll-|leeches| gasters | cercarial | Trema- Amphi~| Macro-| Gymmo~ |[Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome | MFMQ_E | cercarise |cercariae|cercariae|cercariae
Helisoma .
trivolvis| 361 190 361 0 85 4 9 0 7 53 8 0
Helisoma
anceps 507 162 507 6 - 0 1 0 2 67 5 0
Stagnicola
elodes 266 0 266 0 242 2 0 0 51 182 7 0
Physa :
gyrina 278 25 278 0 54 0 (1} [} 24 26 4 0
Total 1,412 377 | 1,412 6 456 6 10 0 84 328 24 0
Table 11, Snails examined from a rosdside ditch (T1S,R3E,S19SE), Washtenaw County,
Michigan, shows total snails, leeches, chaetogasters, snall-leech-cercarial
associations and cercarial types recovered.
Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total [Total [chaeto- | leech- with ; Distomes
Host moll-|leeches |gasters | cercarial | Trema- Amphi-| Macro-| Gymno- [Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome |cercous|cephalous| cercariae |cercariaecercariae cercariae
Helisoma
trivolvis| 658 333 0 2 57 4 5 0 21 25 0 6l
Stagnicola
elodes 426 40 0 0 56 0 0 ] 21 15 11 9
Physe I
gyrina 604 157 0 2 67 i 50 0 0 2 13 1 1
|
A
Total 1,688 530 0 4 180 | 5S4 5 0 . 44 53 12 12

to attach themselves to various substrates in the
woodland pool. Shells of the other snails, as well
asS. exilis, apparently had fallen from their place
of attachment and were empty. The shells with de-
caying snail tissues were fed on by small ground
beetles, tabanid flies, and sciomyzid flies.

About 50 S. exilis were not examined for leeches
at that time but were left in a plastic bucket. As
conditions of the water changed in the bucket, the
snails began to crawl up the sides of the bucket
where they secreted an epiphragm to attach them-
selves to the sides of the bucket. The snails were

not disturbed from August to December when several
specimens were examined; surprisingly, they were
still alive. Several, in fact, were infested with
leeches and some infected with trematode larvae.
Those snails that had fallen to the bottom of the
empty bucket had died.

Although the woodland pool was sampled each month,
no snails were found Frcn September, 1972 to the
spring of 1973.  Water first again appeared in the
pool fromrains in late September, 1972; it remained
a pool over winter 1972 and spring and summer 1973.
It did not dry up in 1973. In March 1973 S. exilis
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Table 12. Mollusks examined from various aquatic habitats throughout Michigan, shows
total mollusks, leeches, chaetogasters, snail-leech-cercarial associations,
and cercarial types recovered.

Total: Total Cercarial Types
Total snail- Infected
Mollusk Total |Total (chaeto- | leech- with Distomes
Host moll-|leeches (gasters | cercarial | Trema- Amphi-| Macro-| Gymno- Echinostome |Xiphidio- [Strigea Furco-
usks P assoc. todes stome |cercous|cephalous| cercariae |cercariae|cercariae|cercariae

Northeast Marsh (T1S,R3E,S30NE), E. S, George Reserve, Livingston County, Michigan, June 27, 1972

Helisoma
trivolvis

Planorbula
armigera

Sphaerium

simile

Total

25

0

25

0

0 0 0 0 0 0
0 0 0 0 0 0
0 0 (¢} 0 0 0
Y (B e

Cressman Pond (T1S,R3E,S30NE), E.S, George Reserve, Livingston County, Michigan, June 12, 1972

Helisoma
trivolvis 57 1 28 1 22 3 4 0 0 15 0 0
Helisoma
campanu-
latum 20 0 18 0 5 0 0 0 0 0 0 0
Physa
gyrina 6 0 0 0 1 0 0 0 0 0 ] 0
Planorbula
armigera 5 0 L | 0 0 0 0 0 0 0 0 0
naea
humilis 12 0 8 0 0 0 0 0 0 0 0 ]
Total 100 1 59 1 28 3 4 0 0 20 ;| 0
Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total|Total [chaeto- |leech- with Distomes
Host moll-|leeches |gasters |cercarial | Trema- Amphi- | Macro-| Gymno- |Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome [cercous|cephalous| cercariae |cercariae|cercariae|cercariae

Roadside Ditch (T358,R4E,S1 )i y Ya g

Lml‘l aea

OSW), Alanson, Emmet County, Michigan, April 18, 1973

Stagnalis 101 0 101 0 2 0 0 0 0 0 0 2
ea
catascop-
ium 106 0 106 0 0 0 0 0 0 0 0 0
Total 207 0 207 0 2 0 0 0 0 0 0 2
oslin Lake (T1S,R3E S3NE), Washtenaw County, Michigan, June 12, 1972
elisoma i
trivolvis 24 (0] 24 0 3 0 3 0 0 0 0 0
Planorbula
armigera 9 0 0 0 0 0 0 0 0 0 0 0
Gyraulus
deflectus 15 0 0 0 -0 0 0 0 0 0 0 0
Amnicola i
limosa 40 0 0 0 0 0 0 0 0 0 0 0
Total 88 0 24 0 3 0 3 0 0 0 0 0
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Total: Total Cercarial Types
Total | snail- Infected
Mollusk Total |Total |chaeto- | leech- with Distomes
Host moll-|leeches|gasters | cercarial | Trema- Amphi~-| Cysto-| Gymno- [Echinostome[xiphidio- Strigea [Furco-
usks assoc. todes stome |cercous |cephalous| cercariae [cercariae|cercariae|cercariae
Duck Lake (T2S,R3E,S$12), Jackson County, Michigan, June 12, 1972
Stagnicola .
exilis 51 2 0 (4] 6 3 0 0 0 2 1 0
Physa
gyrina 5 0 0 0 0 0 0 0 0 0 0 0
Physa
integra 22 0 3 0 0 0 0 0 0 0 0 0
Planorbula
armigera 5 2 5 0 0 0 0 0 0 0 0 0
Promenetus
exacuous 4 0 3 0 2 2 0 0 0 0 0 0
Amnicola
limosa a8 0 0 0 0 0 0 0 0 0 0 0
Goniobasis
livescens 50 0 0 0 0 0 0 0 0 0 0 0
Total 172 4 11 0 8 S 0 0 0 2 1 0
Triangle Lake (T2S,R4E S27 ivingston County, Michigan, June 3, 1972
Campeloma
decisum 248 0 0 0 2 0 0 0 0 0 0 2
Huron River (T2$,R6E,S17SE), Weshtenaw County, Michigan, June 23, 1972
Physa
integra 102 0 51 0 2 0 0 0 1 1 0 0
Sugar Loaf Lake (T2S,R3E,S3INE), Washtenaw County, Michigan, July 18, 1972
Helisoma
trivolvis 28 0 20 0 1 0 0 0 0 1 0 0
Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total|Total |chaeto- | leech~- with Distomes
Host moll-|leeches|gasters | cercarial | Trema- Amphi- Cysto—l Gymno- lEchinostome Xiphidio- |Strigea |Furco-
usks assoc. todes stome |cercous |cephalous| cercariae |cercariae|cercariae|cercariae
Fleming Creek (T2S,R7E,S8SE), Washtenaw County, Michigan, April 10, 1972
Sphaerium
simile 48 16 0 0 4 0 4 0 0 0 0 )
Reef Channel, Detroit River $40°09'30" Lat.N., 83°07'30" Long.W.), Ontario, Canada, May 10, 1973
Bythinia
tentacu=-
lata 45 0 0 0 0 0 0 0 0 0 0 0
Woodland Pool (T1S,R3E, S29NW), Washtenaw County, Michigan, July 20, 1972
Stagnicola
exilis 30 0 0 0 3 1 0 0 2 0 0 0
Impoundment (T1S,R3E,S29SW), Washtenaw County, Michigan, July 17, 1972
Helisoma ¢
trivolvis 9 2 9 0 0 0 0 0 0 0 0 0
Helisoma
campanula-
tum 1 0 ¥ 0 0 0 0 0 0 0 0 0
Physa
gyrina 3 0 0 0 0 0 0 0 0 0 0 0
Promenetus
exacuous 2 0 2 0 0 0 0 0 0 0 0 0
Total 15 2 12 0 0 0 0 0 0 0 0 0
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Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total [Total |chaeto- |leech- with Distomes
Host moll- |leeches |gasters |cercarial |Trema- Amphi~-| Cysto-| Gymno- |Echinostome |[Xiphidio-|Strigea |Furco
usks x assoc. todes stome |cercous [cephalous| cercariae |[cercariae|cercariaejcercariae
Cedar Lake (T2S,R3E,S9SE), Washtenaw County, Michigan, July 17, 1972
Helisoma
trivolvis 6 0 6 0 0 0 0 0 0 0 0 0
Mill Lake (T2S,R3E,S4NE), Washtenaw County, Michigan, July 17, 1972
Helisoma
trivolvis 6 1 6 0 0 0 0 0 ¢ 0 0 0
Helisoma
campanula-
tum 9 2 9 0 0 0 0 0 0 0 0 0
Total 5 3 15 0 0 0 0 (¢] 0 0 0 0

South Lake (T1S,R3E,S10SW), Washtenaw County, Michigan, June 12, 1972

Lymnaea

humilis 16 0 16 0 0 0 0 0 0 0 0 0
Physa

gyrina 18 0 18 0 6 0 0 0 : 0 0 0 6
Helisoma

trivolvis 16 0 16 0 2 0. o] 0 (¢] 1 0 1
Promenetus it
exacuous 5 0 5 0 1 i AL 7l 0 0 0 0
Campeloma
decisum 40 0 0 0 0 0 0 0 0 0 0 0
Total 95 0 55 0 9 1 0 0 0 1 0 i3
Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total |Total |chaeto- | leech- with Distomes
Host moll~|leeches|gasters | cercarial | Trema- Amphi-| Cysto-| Gymno- IEchinostome Xiphidio- |Strigea Furco
usks assoc. todes stome | cercous [cephalous| cercariae |cercariae [cercariae|cercariae
Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan, June 5, 1972

Physa

gyrina 3 0 0 0 0 o il 0 0 0 0 0 0
Physa

sayii 8 0 0 0 0 0 0 0 0 0 0 0
Aplexa

hypnorum 37 1 0 0 3 0 0 0 0 0 0 3
Helisoma

trivolvis 81 3 0 0 0 0 0 0 0 0 0 0
Planorbula ;

armigera 2 1 0 0 0 0 0 0 0 0 0 0
Stagnicola

elodes 68 0 0 0 3 0 0 0 0 0 3 0
Total 201 5 0 0 6 0 0 0 0 ] 3 3

North Lake (T1S,R4E,S18NE), Washtenaw County, Michigan, July 20, 1972

Helisoma ;

trivolvis - 0 b 0 0 0 0 0 0 0 0 0
Physa

gyrina 10 0 0 0 4 3 0 0 1 0 0 0
Planorbula

armigera 21 0 15 0 0 0 0 0 0 Vi 0 0
Promenetus

exacuous 35 (1] 12 (o} 2 0 0 0 2 0 0 0
Campeloma

decisum 60 0 0 0 0 0 0 0 0 0 0 0
Sphaerium

simile 31 0 0 0 2 0 1 0 0 1 0 0

Total 162 0 32 0 8 e ey 0 3 1 0 0
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Total: Total Cercarial ‘!‘ybes
Total | snail- Infected ;
Mollusk Total|Total |chaeto-| leech- with Distomes
Host moll-| leeches| gasters| cercarial| Trema- Amphi-| Cysto-| Gymno- |Echinostome|Xiphidio- Furco-
usks assoc. todes stome |cercous|cephalous| cercariae |cercariae cercariae
Honey Creek (T1S,R4E S26N), Livingston County, Michigan August 19, 1972
Pleurocera 218 0 0 0 2 0 0 0 (1} 2 0
acuta 218 - ) 0 0 2 0 0 0 0 2 0
Goniobasis
livescens 250 0 0 0 5 0 0 90 o 2 3
Total 368 0 0 0 7 0 0 4] (1] 4 3
South Lake (T1S, R3E,S10SW), Washtenaw County, Michigan, July 20, 1972
Helisoma )
trivolvis 18 2 18 0 (o} 0 0 0 0 (o} 0
Physa
gyrina 2 0 2 a 0 0 (¢} o 0 0 0
Total 20 2 20 0 0 0 0 4] ] 0 0
Baw Besse Lake (T12S,R16E,S33), Muskegon County, Michigan, July 8, 1972
Helisoma :
trivolvis 6 0 1 0 g 0 0 0 0 0 0 0
Helisoma
campanu=
latum 5 1 2 0 1 0 0 0 i 0 1
Total 11 1 3 0 1 0 0 0 0 0 1
Big Blue Lake (T12S,R16E,528), Muskegon County, Michigan, July 15, 1972
Lymnaea i ;
stagnalis 50 0 3 0 0 0 0 0 0 0 0
Roadside Ditch ‘T23S.RLE,S3IS!, Missaukee County, Michigan, August 10, 1972
Helisoma
trivolvis 36 30 0 6 11 0 0 0 & 7 0
Lymnaea
megasoma 25 2 0 0 1 (o} 0 0 0 1 0
Total 61 3 0 6 12 0 0 0 -3 8 0
Total: Total Cercarial Types
Total |snail- Infected e
Mollusk Total |Total |chaeto- |leechk- with stom .
Host moll-|leeches|gasters | cercarial | Trema~ Amphi-| Cysto-| Gymno- JEchinos:ome Xiphidio- Furco:
usks assoc. todes stome |cercous |cephalous| cercariae |cercarilae [cercariae|cercariae
Roadside Ditch (T23S,RSE,S31S), Missaukee County, Michigan, April 18, 1973
Lymnaea
megasoma 39 3 39 0 2 0 0 ] 0 2 0
Physa 3 ‘
gyrina 6 0 6 0 1 0 0 0 0 1 0
Helisoma
anceps 8 2 8 0 0 0 0 ‘0 0 0 0
Helisoma |
trivolvis 460 B3 46 3 18 0 0 0 3 15 —0
Total 99 58 99 3 21 o} 0 0 3 i8 0
Au Sable River (T26S“,R3E.S7SW), Crauford County, Michigan, August 2, 1972
Lymnaea
Stagnalis = 25 2 0 0 7 0 0 0 0 0 0
Frains Lake (T2S,R7E,S9NE), Waghtenaw County, Michigan, June 2, 1973
Physa : ;
gyrina 40 0 0 0 0 0 0 v 0 L 0 0
: Pond (T2S R4E,S35SE), Livingston County, Michigan, June 27, 1972
Helisoma
trivolvis 16 0 5 0 7 0 0 0 0 7 0
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Total: Total Cercarial Types
Total |snail- Infected
Mollusk Total |[Total [chaeto- | leech- with Distomes
Host moll-|leeches|gasters | cercarial | Trema- Amphi~- | Cysto-| Gymno- |Echinostome|Xiphidio-|Strigea |Furco-
usks assoc. todes stome [cercous |cephalous| cercariae |cercariae|cercariae|cercariae
Douglas Lake (T37S, R3E,S27), Cheboygan County, Michigan, July 5, 1972

Lymnaea T

emargin-

ata 4 0 0 0 3 0 0 0 0 0 3 0
Lymnaea

humilis 15 0 0 0 0 0 0 0 0 0 0 0
Physa

parkeri 19 12 0 0 3 1 0 0 2 0 0 0
Helisoma

trivolvis 5 0 0 0 0 0 0 0 0 0 0 0
Helisoma

campanu=-

latum 2 0 0 0 0 0 0 0 0 0 0 0
Amnicola

limosa 52 0 Q 0 0 0 0 0 0 0 0 0
Goniobasis

livescens 47 0 0 0 0 0 0 0 0 0 0 0
Total 144 12 0 0 6 1 0 0 2 0 3 0
Douglas Lake (T34S,R3E,S27), Cheboygan County, Michigan, November 5, 1972

Physa

parkeri 12 2 0 0 0 0 0 0 0 0 0 0
Helisoma

trivolvis 5 0 0 0 0 0 0 0 0 0 0 0
Total 17 1 0 0 0 0 0 0 0 0 0 0

was last noted when five specimens were collected,
but none of them was infested with leeches. An
increase in snail population number, size, fecund-
ity, and recruitment was observed from May to July.
The percentage of leech infestation also increased
from June to August. These data indicated a lag
in the fecundity in the leech population and that
its reproductive cycle was synchronized with the
snail populations. In addition, even though the
woodland pool did not dry up in 1973, there was a
sharp decline in the snail populations.

As the leeches and snails were collected each
month, both the leeches and snails were measured.
These data, not included in this study, indicated
that M. lucida spent its developmental period with-
in the snails as there was an observed increase in
size of the leeches from month to month. No leeches
were found to be free living or attached to various
substrates in the woodland pool.

From two lake habitats (Figures 6 to1l) data are
recorded on six species of snails infested with
leeches. The first lake at T2S; R4E, SINW (Figures
6 to 9) yielded four species of snails infested
with leeches: H. trivolvis, H. campanulatum, H. an-
ceps, and P. exacuous. Of these four species H.
campanulatum and P, exacuous harbored.the leech H.
fusca; H. anceps was infested with H. papillata,
and H. trivolvis was host to several species of
leeches. The most abundant snail in this lake was
H. trivolvis, followed by H. campanulatum, H. an-
ceps, and P. exacuous. 'The lake was first sampled
in August of 1971 when 104 H. trivolvis were col-
lected and examined for leeches; 29 or 27.8% were
infested. This lake was not sampled again until

April, 1972, after which it was sampled regularly
each month until September, 1973. In April, 1972
very few H. trivolvis and H. campanulatum  were
found; there were no specimens of H. anceps or P.
exacuous. From May to September the population of
H. trivolvis increased, as did the infestations
with leeches. Although the infestation with leeches
remained low, it was present during all months of
the year. No snails were found in December to Fe-
bruary, but this failure to find them does not mean
they were not there. In H. campanulatum the {irst
noticeable infestation occurred in August, then
dropped in November of 1972. No snails were found
during the winter months. First infestation of
1973 occurred in April; a drop in infestation oc-
curred in March and June, then an increase was a-
gain noticed in July and August. Not enough H.
campanulatum, H. anceps, orP. exacuous snails were
collected todetermine whether leeches were in these
populations throughout the year.
The second lake, Four-Mile Lake (Figures 10 and
11), harbored snails H. trivolvis and P. gyrina.
It was first sampled in March, 1972. At that time
P, gyrina was infested only with H. papillata,
while H. trivolvis carried several species of leech-
es. During the period of March to May (Figure 10)
the percentage of infestation by leeches in P. gy-
rina remained even, then it dropped in June and
July. In August to September it again increased,
only to drop in October. No P. gyrina was found
from November to February. In March, 1973 A. pa-
pillata again was found in P. gyrina; infestation
remained quite even through April, then increased
slightly in May. It dropped sharply in June and
July, then increased sharply in August and Septem-
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Figure 1. Woodland Pool (T2S, R3E, S9SW), Washtenaw County
Michigan. The percentage of Stagnicola exilis infested
with Marvinmeyeria lucida. Numbers in parentheses
indicate total snails collected.
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Figure 2. Woodland Pool (128, R3E, S9SW), Washtenaw County,
Michigan. The percentage of Helisoma trivolvis
infested with Marvinmeyeria lucida. Numbers in
parentheses indicate total snails collected.
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Figure 3.  Woodland Pool (T2S, R3E. S9SW). Washtenaw County
Michigan. The percentage of Promenetus exacuous infested
with Maryinmeyeria lucida. Numbers in paientheses
indicate total snails collected
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Figure 4. Woodland Pool (125, R3E, S9SW), Washtenaw County,
Michigan. The percentage of Planorbula armigera
infested with Marvinmeyeria lucida. Numbers in
parentheses indicate total snails collected.
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Figure 5. Woodland Pool (728, R3E, S8SW), Washtenaw County,
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Aplexa hypnorum
. Numbers in

parentheses indicate total snails collected.
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Figure 7. Lake (725, R4E, STNW), Wls‘hmuw ‘County, Michigan.
TI_\a percentage of Helisoma camplanilatum infested
with Helobdella fusca. Numbers in parentheses
indicate total snails collected.
Figure 10. Four-Mile Lake (T2S, R3E, S4SE), Washtenaw County,
Michigan. The percentage of Physa gyrina infested
with Helobdella papillata. Numbers in parentheses
60 (5) indicate total snails collected.
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Figure 11. Four-Mile Lake (T2S, R3E, S4SE), lldm_“ ww.
Michigan. The percentage of Helisoma trivolvis
infested with leeches. Numbers in parentheses

Figure 8. Lake (T2S, R4E, SINW), Washtenaw County, Michigan.
indicate total snails collected.

The percentage of Helisoma anceps infested with
Helobdella papillata. Numbers in parentheses
indicate total snails collected.
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Figure 12. Bert Pond (T1S, R3E, $19), E.S. George Reserve,
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Living County, Michigan. The per ge of
Helisoma trivolvis infested with leeches.
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collected.
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Figure 13. George Pond (T1S, R3E, §19), E.S. George Reserve,
Livingston County, Michigan. The percentage of
Helisoma trivolvis infested with leeches. Numbers
in parentheses indicate total snails collected.
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Figure 14. Crane Pond (T1S, R3E, S19), E.S. George Reserve,
Livingston County, Michigan. The percentage o

Helisoma trivolvis infested with leeches. Numb
in parentheses indicate total snails collected.
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Figure 15. Crane Pond (T1S, R3E, $19), E.S. George Reserve,
Living! County, Michi The p ge of
Helisoma anceps infested with leeches. Numb
in parentheses indicate total snails collected.
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Figure 16. Crane Pond (T1S, R3E, §19), E.S. George Reserve.
Living County, Michig The p ge of
Helisoma campanulatum infested with leeches.
Numb in parenth indi total snails collected.
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Figure 17. Crane Pond (T1S, R3E, §19), E.S. George Reserve,
Livingston County, Michigan. The percentage of ;
Planorbula armigers infested with leeches.
Numb in p th indi total snails
collected.
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Figure 18. Crane Pond (T1S, R3E, $19), E.S. George Reserve,
Livingston County, Michigan. The percentage of Physa
gyrina infested with leeches. Numbers in parenth
indicate total snails collected.
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Figure 19. Fleming Creek (728, R6E, S25SE), Washtenaw County,
Michigan. The percentage of Helisoma trivolvis
infested with leeches. Numbers in parentheses
indicate total snails collected.
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Figure 20. Fleming Creek (T2S, RGE, S255E), Washtenaw County,
Michigan. The percentage of Helisoma anceps
infested with leeches. Numbers in parentheses
indicate total snails collected.
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Figure 21. Fleming Creok (T2S, B6E. S25SE), Washtenaw County,
Michigan. The percentage of Physa gyrina infested
with Hel papillata. Numbers in parentheses
indicate total snails collected.
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Figure 22. Roadside ditch (T1S, R3E, $19SE), Washtenaw County,
Michigan. The percentage of Helisoma trivolvis
i d with leeches. Numbers in parenth
indicate total snails collected.
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Figure 23. Roadside ditch (T1S, R3E, S19SE), Washtenaw County
Michigan. The percentage of Stagnicola elodes
infested with Helobdella papillata. Numbers in
parentheses indicate total snails collected.

ber.
of infestation in H.

There was a decline in October. The pattern
trivolvis was similar to P.
gyrina. Again no H. trivolvis was found from De-
cember to February. The pattern of infestation was
similar in both snail species.

For three ponds studied the annual percentage of
irfestation of five species of snails, H. trivol-
vis, H. campanulatum, H. anceps, P. armigera, and
P. gyrina, is given in Figures 12 to 18. Of the
five, only H. trivolvis was collected in all three
ponds. Bert Pond (Figure 12) was first sampled in
August of 1971; the snails collected had a 15% in-
festation. In 1972 H. trivolvis was first collec-
ted in May, when the snails examined were free of
leeches. From June to October there was an in-
crease in leech infestation. In November and De-
cember the percentage dropped slightly, then went
up again in January. No snails were found in Feb-
ruary. In March and April, 1973 the snail infest-
ations with leeches again increased. A drop came
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Figure 24. Roadside ditch (T1S, R3E, S19SE), Washtenaw County.
Michigan. The percentage of Physa gyrina infested
with leeches. Numbers in parentheses indicate
total snails collected.
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Figure 25. Murray Lake (T2S, R7E, STONW), Washtenaw County,
Michigan. The percentage of Helisoma campapyla-
wm infested with Numbers in

parentheses indicate total snails collected.

in May; it then climbed sharply, then dropped be-
tween July and August, only to increase again in
September. In thispond leeches infested the snails
every month they were collected, except in May.
These data show the percentage of infestation was
quite similar in each August of 1971, 1972, and
1973.

In George Pond (Figure 13) the percentage of in-
festations infl. trivolvis was seasonally different
as compared with Figure 12. The snails collected
in May were infested; the infestation increased in
June and July and decreased from August to October.
No snails were found between November and February.
In March, 1973 the percentage of infestation was
low. It increased sharply from April to June, a-
gain decreasing from July to September. The per-
centages and seasonal variations of infestation in
the two years were significantly similar.

In Crane Pond (Figures 14 to 18) the percentage
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Table 13. Mollusk infestations from a woodland pool (T2S,R3E,S9SW), Washtenaw County, Michigan
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita meyeria
A g lucida
Stagnicola
exilis (1) 194 0 0 0 0 0 5
(2) 0 0 0 0 0 268
3) 0 0 0 0 0 42
(%) e 1 £ o9 i Il T
Total 194 0 0 0 0 0 321
Helisoma
trivolvis (1) 34 0 0 0 0 0 1
€2) 0 0 0 0 0 2
(3) 0 0 0 0 0 4
£ 1 M 0 s s & o -+
Total 34 0 0 0 0 0 60
Aplexa
hypnorum (1) 3 0 0 0 0 0 3
(2) L 5 B o 5 o 4
Total 5 0 0 0 0 0 7
Promenetus
exacuous (2) 2 0 0 0 0 0 2
Planorbula
armigera (2) 2 0 0 0 0 0 4
Location in host:
(1) mantle cavity (3) above mantle (between shell and mantle)

under mantle (digestive gland and aorta) (4)

(2)

and seasonal similarities of five snail species,

H. trivolvis, H. anceps, H. campanulatum, P. armi-
gera, and P. gyrina, were recorded. These data
show that H. trivolvis, H. anceps, and H. campanu-

latum were infested during the summer and fall of
1972. No snails were found from December to Febru-
ary. In 1973 leech infestations from March to Sep-
tember showed only slight percentage differences.
Very few P. armigera and P. gyrina were found dur-
ing 1972 and 1973 The former showed an infesta-
tion in June of 1972 and 1973; the latter was in-
fested with leeches in September of 1972 and July
of 1973. The data on these two species of snails
still coincide with the pattern of infestations of
H. trivolvis, H. anceps and H. campanulatum during
1972 and 1973.

For the Fleming Creek area (Figures 19 to 21) the
data show a seasonal similarity among the snails
infested with leeches. The three species infested,
H. trivolvis, H. anceps, and P. gyrina, were posi-
tive from March to June, 1972. Only P. gyrina was
infested in July. All these snails were infested
in varying degrees from August to October. Few
snails were found from October to March, 1973. In
April, 1973 some snails were again infested with
leeches. In July, 1973 only H. trivolvis was in-

in kidney

fested, but in August to September both H. trivol-
vis and H. anceps showed an increase, while P. gy-
rina showed none in July and August, and an in-
crease in September.

From a roadside ditch (Figures 22 to 24) the per-
centages of leech infestations were disclosed for
three species of snails, H. trivolvis, P. gyrina,
and S. elodes. The first samples were taken in
March, 1972, and only H. trivolvis and P. gyrina
were found infested with leeches. S. elodes was
first found infested in April, 1972 and showed an
increase in leech infestation to May. H. trivolvis
showed an increase from May to June, while P. gy-
rina showed a drop in June but an increase during
the months of August and September and then a de-
crease once again. H. trivolvis showed a marked
increase for the month of June. followed by a sharp
decline in July but an increase in August to Octo-
ber. No snails were found from December to Febru-
ary for H. trivolvis and P. gyrina. S. elodes was
not found from December to March. In March, 1973
H. trivolvis and P. gyrina disclosed anincrease in
leech infestation. S. elodes showed an increase
in April, 1973 and a sharp decrease for the months
of May and June. H. trivolvis showed a sharp de-
crease in July, while P. gyrina showed a decrease
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Table 14. Mollusk infestations from a woodland pool (T2S,R5E,S28SE), Washtenaw County,
Michigan
Number of Species of leeches recovered
Mollusk mollusks | Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita meyeria
lucida
Aplexa
hypnorum (2) 1 0 0 0 0 0 1
Table 15, Mollusk infestations from George Pond (T1S, R3E, S19), E. S. George Reserve,
Livingston County, Michigan
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella Helobdella Glossiphonia Glossiphonia Marvin-
Host infested fusca lineata papillata complanata heteroclita meyeria
lucida
Helisoma :
trivolvis (1) 152 7 2 0 0 0 0
(2) 46 17 0 0 0 0
(3) 74 A 16 0 0 0 0
(4) 5 15 0 0 0 0
Total 152 132 50 0 0 0 0
Location in host:
(1) mantle cavity
(2) under mantle (digestive gland and aorta)
(3) above mantle (between shell and mantle)
(4) 1in kidney
in June. All three species showed an increase in its shell (Tables 13-23). These data were given

August, but only S. elodes and P. gyrina showed an
increase for September. All three species of snails
illustrated a seasonal similarity of infestations
for the years 1972 and 1973.

In Murray Lake (Figure 25) H. campanulatum was
first collected in March, 1972 and it was then ‘in-
fested with leeches. In April there was a decline;
in May a slight increase, followed by a sharp de-
crease in June and July. Snails examined in August
had an increase in leech infestation with a gradual
decrease inSeptember to none in October. No snails
were found from November to February. In March,
1973 only five specimens were found; none was in-
fested. The reason no snails were found from April
to September appears to be that the littoral zone
at this station was cleared,covered with sand; and
made into a swimming beach. The data collected on
snail infestation by leeches in 1972 indicates the
same seasonal similarities of the other lakes and
ponds studied.

I1l. Locations and species of leeches recovered
from mollusks under natural conditions

The species of mollusk infested and the leeches
recovered are shown in Tables 13 through 23. The
organs in the infested mollusks were restricted to
five locations: the mantle cavity, beneath the
mantle in the area of digestive gland and aorta,
outside the mantle (i. e., between the shell and
mantle), in the kidney, and outside the mollusk on

for 14 species of pulmonate snails and one species
of sphaeriid clam. Tables 13 through 22 tabulate
the data for the ten permanent stations sampled;
Table 23 the data for the incidental sites. Alto-
gether six species of leeches, H. fusca, H. linea-
ta, H. papillata, G. complanata, G. heteroclita,
and M. lucida, were recovered from these mollusks.
Infestations were by a single leech species; para-
sitism of a snail by more than one species of leech
was not observed.

The five species of snails in a woodland pool
(Table 13), S. exilis, H. trivolvis, A. hypnorunm,
P. exacuous, and P. armigera, were infested with
only one leech species, M. lucida. Among the 194
S. exilis infested, 5 specimens of M. lucida were
removed from the mantle cavity, 268 from under the
mantle, 42 from above the mantle, and 6 from the
kidney. Of 24 H. trivolvis infested, 1 M. lucida
was in the mantle cavity, 2 under the mantle 4 a-
bove the mantle, and 53 in the kidney. The 5 A4.
hypnorum were infested with 3 M. lucida from the
mantle cavity and 4 under the mantle. P. exacuous
had 2 M. lucida under the mantle; P. armigera had
(Table 14) had 1 A. hypnorum with 1 M. lucida in
its mantle cavity.

In George Pond (Table 15)H. trivolvis snails were
parasitized by two leeches, H. fusca and H. linea-
ta. The 152 H. trivolvis infested yielded 132 H.
fusca and 50 H. lineata. Among the 132 H. fusca
found, 7 were in the mantle cavity, 46 under the
mantle, 74 above the mantle, and 5 in the kidney.
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Table 17. Mollusk infestations from Crane Pond (T1S,R3E,S19), E. S. George Reserve,
Livingston County, Michigen
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita | meyeria
lucida
Helisoma
trivolvis (1) 90 5 0 1 0 0 0
(2) 57 0 0 0 0 0
(3) 23 0 3 0 0 0
DT R P 3 s w3 = 0 . I
Total 90 92 0 4 0 0 0
Helisoma
anceps (1) 80 0 0 7 0 0 0
(2) 1 0 . 83 0 0 0
(3) 0 0 14 0 0 0
(a1 2 L s Lo = 5 18
Total 80 1 0 107 0 0 e
Helisoma
campanulatum (1) 115 4 0 1 0 0, 0
(2) 90 0 0 0 0 0
(3) 7 1 10 0 0 0
21 2 [ po- s s L L L.
Total 115 104 1 15 0 G 0
Planorbula
armigera £3) 2 3 0 0 0 0 1
Physa
gyrina (2) 3 1 0 0 0 0 0
ayyien i gl o i B iy
Total 3 4 1 0 0 0 0
Location in host:
(1) mantle cavity (3) above mantle (between shell and mantle)
(2) under mantle (digestive gland and aorta) (4) 1in kidney
Table 16. Mollusk infestations from Bert Pond (T1S,R3E,819), E. S. George Reserve,
Livingston County, Michigan
Number of Species of leeches recovered .
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita . | meyeria
lucida
Helisoma
trivolvis (1) 328 19 5 0 0 0 0
(2) 52 10 0 0 0 0
(3) 195 109 0 0 0 0
(4) 113 20 g 0 0 0
Total 328 379 144 0 0 0 0

Location in host:

(1)
(2)
(3)
4)

mantle cavity
under mantle (digestive gland and aorta)
above mantle (between shell and mantle)
in kidney
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Table 18, Mollusk infestations from a lake (T2S,R3E,SINE), Washtenaw County, Michigan
Number of . Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita | meyeria
lucida
Helisoma
trivolvis (1) 97 5 0 2 0 0 0
(2) 25 0 1 0 0 0
(3) 60 2 0 0 0 0
5y (e 48 o o o o o
Total 97 99 2 3 0 0 0
Helisoma
camplanulatum (2) 11 ) 0 0 0 0 0
(3) 6 0 0 0 0 0
(%) 1 o o o o s
Total 11 14 0 0 0 0 0
Promenetus
exacuous (2) 1 1 0 0 0 0 0
Helisoma X
anceps (%) Pt 0 0 3 0 0 0

Location in host:
(1) mantle cavity .
(2) under mantle (digestive gland and aorta)

H. fusca appeared to have a preference for two lo-
cations, under and above the mantle. H. lineata

occurred in almost equal numbers in three locations
with 17 under the mantle, 16 above the mantle, and
15 in the kidney; only two H. lineata were in the
mantle cavity.

In Bert Pond (Table 16) one snail species, H.
trivolvis, was parasitized by two leeches, H. fusca
and H. lineata. Within the 328 H. trivolvis in-
fested were 379 H. fusca and 144 H. lineata, dis-
tributed as follows: 19 H. fusca in the mantle ca-
vity, 52 under the mantle, 195 above the mantle,
and 113 within the kidney. In this snail popula-
tion, possibly because of their size, more leeches
were removed from above the mantle and the kidney
than from the mantle cavity or under the mantle.
Of the 144 H. lineata found, 5 were in the mantle
cavity or under the mantle. Of the 144 H. lineata
found, 5 were in the mantle cavity, 10 under the
mantle, 109 above the mantle, end 20 from the kid-
ney. These data indicate that H. lineata preferred
an area intermedium to above the mantle rather
than the mantle cavity, under the mantle, or in
the kidney. ’

In Crane Pond (Table 17), five snails occurred,
H. trivolvis, H. anceps, H. campanulatum, P. armi-
gera, and P. gyrina, and four leeches, H. fusca
H. lineata, H. papillata,and M. lucida, were found
parasitizing them. In the 90 H. trivolvis infested
with leeches, 92 H. fusca and 4 H. papillata were
found: 5 H. fusca from the mantle cavity, 57 under
the mantle, 23 above the mantle, and 7 within the
kidney. One H. papillata was in the mantle cavity

(3) above mantle (between shell and mantle)
(4) 1in kidney

and 3 above the mantle. A preference for the site
above the mantle and under the mantle was shown by
H. fusca. Eighty H. anceps were infested with 107
H. papillata and 1 H. fusca; H. papillata appeared
to have a preference for under the mantle with 83
specimens found there. H. campanulatum carried
three species of leeches, of which 104 were H. fus-
ca, 1 H. lineata, and15 H. papillata. The prefer-
ence was shown by 90 H. fusca for under the mantle,
while 10 H. papillata were removed from above the
mantle. The snails P. armigera and P. gyrina had
the lowest infestations. Three specimens of H.
fusca were removed from under the mantle of P. ar-
migera and also one specimen of M. lucida. P. gy-
rine had 1 H. fusca from under the mantle, 3 from
above the mantle, and 1 H. lineata from above the
mantle. These data show that H. fusca had a pre-
ference for H. trivolvis and H. campanulatum; H.
papillata preferred H. anceps.

From a lake habitat (Table 18) four snail spe-
cies, H. trivolvis, H. campanulatum, P exacuous
and H. anceps, were infested with leeches. H. tri-
volvis was parasitized by H. fusca, H. lineata, and
H. papillata. H. campanulatum and P. exacuous were
infested by H. fusca; andH. anceps was parasitized
by only H. papillata. These data indicate that H.
fusca may prefer H. trivolvis and H. campanulatum,
while H. papillata may have a preference for H.
anceps. Also, H. fusca preferred sites under the
mantle and intermedium of the mantle in H. trivol-
vis.

Four-Mile Lake (Table 19) provided six species
of snails, H. trivolvis, H.campanulatum, H. anceps,
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Table 19. Mollusk infestations from Four-Mile Lake (T2S,R3E,S4SE), Washtenaw County, Michigan
Number of . Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca : lineata papillata complanata heteroclita nezcr:a
t lucida
Helisoma
trivolvis (1) 83 . 18 0 0 0 0 0
(2) 28 - 0 0 0 0 0
(3) 38 0 0 0 0 0
(4) 28 0 0 0 0 0
o -9 0 il L 9 L
Total 83 109 0 1 0 0 0
Helisoma
campanulatum (3) 2 3 0 0 0 0 0
Helisoma
anceps (3) 1 0 0 1 0 0 0
Gyraulus
parvus (3) 3 2 0 1 0 0 0
Promenetus
exacuous (1) 1 | 0 0 0 0 0
Physa
gyrina (1) 41 0 0 3 0 0 0
¥ (2) 0 0 31 0 0 0
o) o A L o o &
Total 41 0 0 41 0 0 0
Location in host:
(1) mantle cavity (4) 1in kidney
(2) below mantle (digestive gland and aorta) (5) outside on shell
(3) above mantle (between shell and mantle)
Table 20. Mollusk infestations from Murray Lake (T2S,R7E,S10NW), Washtenaw County,
Michigan
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita | meyeria
lucida
Helisoma
campanulatum (2) 20 18 0 0 0 0 0
3 ¢ RO “y 2 5. 5 e 8L
Total 20 24 0 0 0 0 0
Planorbula
armigera (2) 1] 1 0 0 0 0 0
Physa
integra (2) 2 ; - 0 0 0 0 0
elisoma
trivolvis (2) 1 1 0 0 0 0 0

Location in host:
(1) mantle cavity (3) above mantle (between shell and mantle)

(2) under mantle (digestive gland and sorta) (4) 1in kidney
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Table 21. Mollusk infestations from Fleming Creek (T2S,R6E,S25SE), Washtenaw County,
Michigan
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita | meyeria
lucida
Helisoma
trivolvis (1) 165 0 25 0 0 0 0
(2) 0 115 0 0 0 0
(3) 0 45 1 0 0 0
S L8 P B 55 A el SO
Total 165 0 189 1 0 0 0
Helisoma
anceps (1) 112 0 0 26 0 0 0
(2) 0 0 103 0 0 0
3) 0 2 30 0 0 0
) 3 5 2 o o o
Total 112 0 2 160 0 0 0
Physa
gyrina (1) 24 0 0 2 0 0 0
(2) 0 0 14 0 0 0
T 5 5 2 o o
Total 24 0 0 25 0 0 0

Location in host:
(1) mantle cavity
(2) below mantle (digestive gland and aorta)

G. parvus, P. exacuous, P. gyrina, infested with
leeches. The two species of leeches recovered were
H. fusca and H. papillata; 83H. trivolvis were in-
fested with 109 H. fusca and 1 H. papillata. In
the H. trivolvis population, 18 H. fusca were re-
covered from the mantle cavity, 25 from below the
mantle, 38 from above the mantle, and 28 in the
kidney. One H. papillata was found on the outside
of the shell of this snail. H. campanulatum had
three specimens of H. fusca above the mantle; H.
anceps had one H. papillata above the mantle. G.
parvus had 2 H. fusca and 1 H. papillata above the
mantle. P. gyrina were infested with H. papillata:
3 in the mantle cavity, 31 below the mantle, and 5
from above the mantle. There appeared to be a se-
lective preference of H. fusca for H. trivolvis
and H. papillata for P. gyrina.

Four snail species, H. campanulatum, P. armigera,
H. trivolvis, and P. integra from Murray Lake
(Table 20) were infested with one leech species,
H. fusca. In the 20 infested specimens of H. canm-
panulatur, 18 H. fusca were under the mantle and 6
in the kidney. In.P. armigera H. trivolvis, and
P. integra, all of H. fusca were recovered from
under the mantle.

The snail population of Fleming Creek (Table 21)
included three species, H. trivolvis, H. anceps,
and P. gyrina, infested with leeches. Both H. li-
neata and H. papillata were on H. trivolvis and H.
anceps, while énly H. papillata was on P. gyrina.
It is evident that H. lineata at this station had
a preference forH. trivolvis. Of the 189 specimens
of H. lineata, 25 were from the mantle cavity, 115

(3) above mantle (between shell and mantle)
(4) 1in kidney

below the mantle, 45 above the mantle and 4 within
the kidney. Only one H. papillata was recovered
from this snail. Also, thepreference of H. papil-
lata for H. anceps was obvious with the recoveryof
160 specimens of H. papillata; 26 were in the man-
tle cavity 103 below the mantle, 30 above the
mantle, and 1 in the kidney. Both leeches prefer-
red to locate in the site below the mantle. For
P. gyrina, 2 H. papillata were found in the mantle
cavity, 14 below the mantle, and 9 above the man-
tle.

From aroadside ditch (Table 22) three snail spe-
cies, H. trivolvis, S. elodes, and P. gyrina, were
infested with leeches. H. trivolvis had 7 H. fus-
ca: 4 below the mantle, 2 above the mantle, and 1
on the outside of the shell. Of the 326 H. papil-

" lata, 27 were from themantle cavity, 254 below the

mantle, and 45 above the mantle. S. elodes was in-
fested only with H. papillata; 3 in the mantle ca-
vity, 30 below the mantle, 5 above the mantle, and
2 from the outside of the shell. P. gyrina had
four species of leeches,H. fusca, H. papillata, G.
heteroclita, and M. lucida. Among the 137 P. gyrina
infested, 14 H. fusca were found; 2 were from the
mantle cavity, 10 below the mantle, and 2 above the
mantle. H. papillata infestations in P. gyrina in-
cluded 8 from the mantle cavity, 97 below, and 31
above the mantle. Only one specimen of G. hetero-
clita parasitized P. gyrina; it was removed from
above the mantle. Six M. lucida were in P. gyrina;
2 from the mantle cavity and 4 below the mantle.
These data indicate that H. papillata had aprefer-
ence for all three snails.
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Table 22, Mollusk infestations from a roadside ditch (T1S,R3E,S19SE),
Washtenaw County, Michigan
Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita meyeria
lucida
Helisoma
trivolvis (1) 182 0 0 27 0 0 0
(2) 4 0 254 0 0 0
(3) 2 0 45 ] 0 0
(4) 0 0 0 0 0 0
(5) g = I L0 O a0 LI Sa
Total 182 7 0 326 0 0 0
Stagnicola ,
elodes (1) 40 0 0 3 0 0 0
(2) 0 0 30 0 0 0
(3) 0 0 5 0 0 0
gy fuhec o o s o i 8
Total 40 0 0 40 0 0 0
Physa
gyrina (1) 137 2 0 8 0 0 2
(2) 10 0 97 0 0 4
L 5 2 31 o Ly i
Total 137 14 0 136 0 1 6

Location in host:
(1) mantle cavity
(2) below mantle (digestive gland and aorta)
(3) above mantle (between shell and mantle)

Eleven of the 25 incidental sites are given in
Table 23. It includes nine species of pulmonate
snails and one species of sphaeriid clam infested
with leeches. These data show the leech-mollusk
association outside the ten permanent collecting
stations and also include mollusks not found in
southeastern Michigan.

From Cressman Pond only one H. trivolvis was found
infested with one H. fusca. Duck Lake's snail po-
pulation included twospecies, S. exilis and P. ar-
migera; both carried the leech M. lucida, recovered
from below the mantle. In Fleming Creek 16 G. com-
planata leeches were on the outside shell of the
small bivalve, S. simile. From an impoundment two
H. trivolvis were found with H. fusca, and both
came from below the mantle. Two snails, H. trivol-
vis and H. campanulatum, examined from Mill Lake,
were infested with H. fusca below their mantles.
From the Au Sable River two L. stagnalis were in-
fested with H. fusca in the area above the mantle.
In South lLake, two H. trivolvis were infested with
two specimens of H. fusca, and in Baw Besse Lake
one H.campanulatum was alsoinfested with H. fusca.
Both species of snails had leeches below their man-
tles. From Douglas Lake, 13 P. parkeri were in-
fested with H. papillata, all located below the
mantle. In a roadside ditch three species, H. tri-
volvis, H. anceps, and L. megasoma, were infested
with the leech H. papillata. Thirty-two H. trivol-
vis were infested with 83 leeches, 53 below the
mantle and 30 above the mantle. H. anceps had two

(4) in kidney
(5) outside on shell

H. papillata removed from below the mantle, and L.
megasoma had five above the mantle. From Waffle’s
Pond three snail species, H. trivolvis A. hypno-
rum, and P. armigera, were infested with leeches.
One of three H. trivolvis had H. lineata below its
mantle; two had M. lucida below the mantle. Both
A. hypnorum and P. armigera were infested with M.
lucida, and both had this leech below their man-
tles.

Part IV. Mollusk-Leech-Cercarial Association;
Leeches with Tetracotyles

A search of the literature indicated a lack of
data on other parasites infecting snails infested
with leeches. However, it was learned that several
leeches serve as second intermediate hosts for me-
tacercariae of the tetracotyle parasites (Castle
1900, Szidat 1939, Wesenberg-Lund 1934, 1937, Ben-
nike 1943, Meyer and Moore 1954, Mann 1962, and
J. E. Moore 1964, Vojtek, J. Opravilova and Vojt-
kova, L. 1967). Leeches occasionally served as in-
termediate hosts for the cysts or cysticercoids of
certain cestodes (Mann 1962). Ulmer (unpublished
data) indicated that several lymnaeid snails, as
well as certain leeches in the genus Helobdella,
may serve as second intermediate hosts in which
cercariae encyst and undergo the development into
metacercariae of the tetracotyle type.
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Table 23. Mollusk infestations from various aquatic habitats throughout Michigan

Number of Species of leeches recovered
Mollusk mollusks Helobdella | Helobdella | Helobdella | Glossiphonia | Glossiphonia | Marvin-
Host infested fusca lineata papillata complanata heteroclita | meyeria
lucida
Roadside ditch (T23S, R4E,S31S), Missaukee County, Michigan
Helisoma
trivolvis (2) 32 0 0 53 0 0 0
(3) i) e I oL =30 0 g0y A
Total 32 0 0 83 0 0 0
Helisoma
anceps (2) z 0 0 2 0 0 0
Lymnaea
megasoma (3) 2 A 0 0 5 0 0 0
Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan
Helisoma
trivolvis (2) 3 0 1 0 0 0 2
Aplexa
hypnorum (2) 1 0 0 0 0 0 1
Planorbula
armigera (2) 1 0 0 0 0 0 1
South Lake (T1S,R3E,S10SW), Washtenaw County, Michigan
Helisoma !
trivolvis (2) 2 2 0 0 0 0 0

Baw Besse Lake (T12S,R16E,S33), Muskegon County, Michigan

Helisoma (2)
campanulatum 1 1 0 0 0 0 0

Cressman Pond (T1S,R3E,S30NE), E.S. George Reserve, Livingston County, Michigan

Helisoma
trivolvis (3) ) § b 0 0 0 0 0

Duck Lake (T2S,R3E,S12), Jackson County, Michigan

Stagnicola

exilis (2) 2 0 0 0 0 0 2
Planorbula
armigera (2) 2 0 0 0 0 0 2
Fleming Creek (T2S,R7E,S8SE), Washtenaw County, Michigan
Sphaerium X
simile (5) 16 0 0 B 0 16 0 0
Impoundment (T1S,R3E,S29SW), Washtenaw County, Michigan
Helisoma
trivolvis (2) 2 2 0 0 0 0 0
Mill Lake (T2S,R3E,S4NE), Washtenaw County, Michigan
Helisoma
trivolvis (2) 1 1 0 0 0 0 0
Helisoma
campanula- (2) 2 2 0 0 0 0 0
tum
Douglas Lake (T37S5,R3E,S27), Cheboygan, Michigan
Physa
parkeri (2) 13 0 13 0 0 0 0
Au Sable River (T26S,R3E,S7SW), Crawford County, Michigan
Lymnaea ,
stagnalis (3) 2 2 0 0 0 ; 0 0
Location in host:
(1) mantle cavity (4) in kidney
(2) below mantle (digestive gland and aorta) (5) outside on shell

(3) above mantle (between shell and mantle)
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Table 24, :z:;u:::rzzzta;x:z: wi;h :egch:s(;x{g ;;;c;;;;l types, and leeches infected
om Ber on E. S5, Ge R
County, Michigan ; ] ! EE Tt Miwinaaton
| Number of | Number of Species of Number of | Cercarial Total
Mollusk mollusks | mollusks | leeches leeches types leeches with | Date
Host | examined | parasitized | recovered recovered | recovered tetracotyles
Helisoma 831 21 Helobdella . 1 Echinostome 0 8-5-71
trivolvis fusca cercariae
i 1 ¥ 0 8-15-71
i 1 by 0 8-15-71
i 1 " 0 8-19-71
*He lobdella 1 - 1 12-10-72
lineata
* " 1 wl 1 "
WAl 1 - 1 4-12-73
* " 2 éa 2 ”
id 1 Echinostome 0 =
cercariae
i 1 Xiphidiocercariae 0 5-24-73
Helobdella 2 Echinostome 0 6~25-73
fusca cercariae
i 4 Xiphidiocercariae 0 7-9-73
.4/ 4 Echinostome 0 bl
cercariae
" 4 " 0 "
" 2 " 0 "
" 2 n o "
) 1 Strigea cercariae 0 i
L 1 Echinostome
cercariae 0 i
" " 1 "
Helobdella 1 Echinostome 0 8-27-73
lineata cercariae
™ 1 Furcocercariae 0 8-27-73
Total 831 21 35 6

(*) leeches infected with tetracotyles infesting snails

As indicated (Tables 24-29), sixpulmonate snails

(H. trivolvis, H. campanulatum, H. anceps, P. gy-
rina, S. exilis, and A. hypnorum) were collected
during 1972 and 1973, and had the leech-cercarial
association. H. trivolvis infested with three spe-
cies of leeches (H. fusca, H. lineata, and H. pa-
pillata) also.had cercariae of six types: echino-
stome cercariae, xiphidiocercariae, strigeid cer-
cariae, furcocercariae, amphistome cercariae, and
macrocercous cercariae. Nomultiple cercarial types
were encountered; however, several H. trivolvis had
multiple leech infestations involving either H.
fusca, H. lineata or H. papillate. These data show
that of the 2,020 specimens ofH. trivolvis examined,
37 (1,8%) carried the leech-cercarial type associa-
tion. Four H. caempanulatum out of 552 also had
such a leech-cercarial association. Only the leech
H. fusca was found on H. campanulatum, and two
snails had multiple infestations. Cercarial types
found with the leech association were of three
types: amphistome cercariae, echinostome cercariae,
and xiphidiocercariae. Among the 552 H. campanu-
latum examined, 4 (0.7%) had the leech-cercarial
association.

In the snail, P, gyrina, both the leech, H. pa-
pillata, and an amphistome were found: among 157
gyrina examined only 2 (1,3%) had this leech-
cercarial type association. One multiple H. papil-
lata infestation occurred with the amphistome type.

Some H, anceps snails had two leech species, H.
lineata and H. papillata, and one cercarial type,
xiphidiocercariae. Several multiple leech infesta-
tions also occurred: of 162 H. anceps recovered,
only 6 (3.7%) had the leech-cercarial type associ-
ation.

From a woodland pool, 13 of 677 S. exilis col-
lected had the leech-cercarial association. The
leech M. lucida was present along with three cer-
carial types: echinostome cercariae, furcocercous
cercariae, and xiphidiocercariae. Several multiple
leech infestations occurred with all three cerca-
rial types, but no multiple cercarial types were
found. = Thirteen S. exilis of the 677 examined
(1.9%) had a leech-cercarial type association. Al-
so, from the same pool, among 82.4. hypnorum col-
lected only one (1.2%) had the leech M. lucida and
the echinostome cercarial type. association. Many
more snails were found infested with leeches but
not the leech-cercarial association. Of the 2,023
snails infested with leeches, only 63 (3.1%) car-
ried a leech-cercarial type association.

While examining snails for the leech-cercarial
associations, it was discovered that several leech-
es (H. fusca and H. lineata) wereinfected with te-
tracotyles. Only two snail species, H. trivolvis
and H. campanulatum, had these leeches infected
with tetracotyles; and only 2 (3.9%) of the leeches



STERKIANA NO. 58, JUNE 1975

39

Table 25. Mollusks parasitized with leeches and cercarial types, and leeches infected
with tetracotyles from a Woodland Pool (T25,R3E,S9SW), Washtenaw County,
Michigan
| Number of 'Number of |[Species of [ Number of | Cercarial Total
Mollusk mollusks mollusks | leeches | leeches types leeches with | Date
Host examined | parasitized | recovered | recovered | recovered tetracotyles
Stagnicola 677 13 Marvinmeyeria Echinostome 0 6-17-72
exilis lucida cercariae
" 2 Furcocercariae 0 7-20-72
e 3 Echinostome cercariae 0 dy
" l " " o "
" 2 " " 0 "
" 2 " " 0 "
" 1 " " o "
" 2 ” " 0 "
" 2 " " 0 ”n
" l " " 0 "
9 2 Xiphidiocercariae 0 "
" 2 " 0 "
Aplexa i 1 Echinostome cercariae 0 8-18-73
hypnorum 82 1 " | - " 0 7-20-73
Total 759 14 23 0
Table 26. Mollusks parasitized with leeches and cercarial types, and leeches infected
with tetracotyles from two roadside ditches
" 'Number of Number of | Species of ‘Number of Cercarial | Total
Mollusk | mollusks mollusks leeches | leeches types | leeches with | Date
Host examined | parasitized  recovered | recovered | recovered ltetracotyles
Roadside Ditch (T2S, R4E, S31S), Missaukee County, Michigan
‘Helisoma 85 1 Helobdella 1 Strigea cercariae 0 7-17-72
trivolvis fusca
10 Helobdella
papillata 1 Xiphidiocercariae 0 "
" l ” 0 "
" 1 " 0 "
" 1 " 0 "
" l " 0 "
n 1 " 0 "
" 1 " 0 n
" 1 " 0 "
ot 1 Echinostome cercariae 0 "
" 3 Amphistome cercariae 0 5-15-73
Total 85 11 3 0
Roadside Ditch (T1S, R3E, S19SE), Washtenaw County, Michigan
Helisoma 658 2 Helobdella 1 Echinostome cercariae 0 7-17-73
trivolvis papillata
" 1 " " 0 "
Physa 157 e b 2 Amphistome cercariae 0 &
E:Ein. " 1 " " o "
Total 5 0

815 4
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Table 27. Mollusks parasitized with leeches and cercarial types, and leeches infected
with tetracotyles from Fleming Creek (T2S,R6E,S25SE), Washtenaw County,
Michigan 5
Number of Number of Species of Number of  Cercarial Total
Mollusk mollusks A mollusks | leeches | 1eeches types leeches with | Date
Host | examined iparasi:ized | recovered | recovered Jrecovered tetracotyles
Helisoma 162 6 Helobdella 1 Xiphidiocercariae 0 8-21-71
anceps lineata
" 1 : " 0 "
Helobdella 1 i 0 10-12-72
papillata
" 2 " 0 ”
" 2 " 0 "
£ 2 i 0 8-13-73
Total 162 6 8 i
Table 28, Mollusks parasitized with leeches and cercarial types, and leeches infected
with tetracotyles from three ponds
" Number of |Number of |Species of Number of |Cercarial Total
Mollusk | mollusks |mo]1usks ! leeches leeches types leeches with | Date
Host J examined |parasitized | recovered recovered |recovered tetracotyles
Cressman Pond (T1S, R3E, S30NE), E. S. George Reserve, Livingston County, Michigan
Helisoma Helobdella
trivolvis 25 1 fusca 1 Amphistome cercariae 0 4-27-72
Crane Pond (T1S, R3E, S19), E. S. George Reserve, Livingston County, Michigan
Helisoma Helobdella
trivolvis 317 1 fusca 1 Xiphidiocercariae 0 9-28-72
Helisoma
campanulatum 548 2 ¥ 1 Amphistome cercariae 0 10-18-73
% 2 Echinostome 0 10-18-73
cercariae
Total 865 3 4 0
George Pond (T1S, R3E, S19), E. S. George Reserve, Livingston County, Michigan
Helisoma Helobdella
trivolvis ° 182 3 fusca 1 Echinostome 0 6-25-73
Helobdella cercariae
lineata 2 Macrocercous 0 6-25-73
" 1 Xiphidiocercariae 0 "
Total 182 3 4 . 0

associated with cercariae infections contained te-
tracotyles.

Part V. The Distribution of Leeches on Mollusks
under Natural Conditions

The distribution of leeches found on 12 species
¢’ pulmonate snails and one species of sphaeriace-
an clam is presented separately in tables 30-38,
where the arrangement is by habitats. Included are
the number of mollusks infested, number of leeches

per mollusk; the total leech distribution and the
mollusks from each habitat are also given. While
multiple infestations occurred, most infested mol-
lusks contained only one leech.

One woodland pool (Table 30) yielded five snail
species, S. exilis, H. trivolvis, A. hypnorum, P.
exacuous, and P. armigera, infested with leeches.
Of 194 S. exilis infested, 31 (16%) had 2 leeches,
11 (6%) had 3, 4 (2%) had 4, 6 (3% had 5, 3 (2%)
had 6, 2 (1%) had 8, and 1 had 10 leeches. Of 34
H. trivolvis infested, 11 (32%) had 2, 4 (12%) had
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Table 29, Mollusks parasitized with leeches and cercarial types, and leeches infected
-with tetracotyles from two lakes
¢ iﬁumber of . Number of | Species of Number of |Cercarial Total
Mollusk lmollusks mollusks | leeches ileeches types leeches with | Date
Host | examined | parasitized | recovered | recovered |recovered tetracotyles
Four-Mile Lake (T2S,R4E, S4SE), Washtenaw County, Michigan
Helisoma 4 2 Helobdella 1 Xiphidiocercariae 0 7=25=72
campanulatum fusca
" 1 " O "
» 2 i 2 5-18-73
Total 4 2 4 2
Lake (T2S R3E, SINE), Washtenaw County, Michigan
Helisoma 104 2. Helobdella - 1 Xiphidiocercariae 0 6-24-72
trivolvis fusca
w 1 " 0 4-3-73
Total 104 2 2 0
Table 30. Distribution of leeches on mollusks collected from two woodland pools
Woodland Pool EEZS; R3E,‘S§SW), Washington County, Michigan
Distribution of leeches among 677 Stagnicola exilis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 483 136 31 11 4 6 3 0 2 0 1 0 0 677
Number of leeches 0 136 62 B3 16 30 18 g 16 0 10 0 0 321
‘ Distribution of leeches among 48 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 14 17 1 5 DR S 1 1 0 0 0 0 0 0 0 48
Number of leeches 0 AT 22 12 4 5 0 0 0 0 0 0 0 60
» ! Distribution of leeches among 82 Aplexa hypnorum
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 77 3 2 0 0 0 0 0 0 0 0 0 0 82
Number of leeches 0 3 4 0 0 0 0 0 0 0 0 0 0 7
Distribution of leeches among 19 Promenetus exacuous
Numbher of leechesfenails. 0 1/ 02 . 3 &4 8 6 7 8 % 100 31 -2 Totsl
Number of snails 7 2 0 0 0 0 0 0 0 0 0 0 0 19
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2
Distribution of leeches among 15 Planorbula armigera
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 13 1 0 1 0 0 0 0 0 0 0 0 0 15
Number of leeches 0 X 0 3 0 0 0 0 0 0 0 0 0 4
Total distribution of leeches among 841 Pulmonates
Total: - ;
Number of leeches/snails L1 gl | 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 604 159 44 16 5 7 3 0 2 0 1 0 0 841
Number of leeches 0159 88 .48 20 . 35 18 g 15 0 10 0 0 394
Woodland Pool, Zeeb Rd., (T2S, RSE, S28E), Washtenaw County, Michigan
_ Distribution of leeches among 375 Aplexa hypnorum
Number of leechesfsnsils ... 0 ¥ 2 3 & '5 6§ F 8 <90 189 21 13 | Toral
Number of snails 374 ¥ 0 0 0 0 0 0 0 0 0 0 0 315
Number of leeches 0 0 0 0 0 0 0 0 0 1

0 1 0 0
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Table 31. Distribution of leeches on mollusks collected from & roadside ditch
(T1S,R3E,S19SE), Washtenaw County, Michigan
Distribution of leeches among 658 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 G 6 o ML 9 10 i GG ¢ Total
Number of snails 476 101 48 18 7 3 2 1 0 0 2 0 0 658
Number of leeches 0 101 96 54 28 15 12 8 0 0 20 0 0 333
Distribution of leeches among 426 Stagnicola elodes
Number of leeches/snails 0 1 . 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 386 40 0 0 0 0 0 0 0 0 0 0 0 426
Number of leeches 0 40 0 0 0 0 ¢ . 0 0 ) i | Gl 40
Distribution of leeches among 604 Physa gyrina
Number of leeches/snails 0 1 2 3 4 5 6 ACh g Ry Total
Number of snails 467 125 7 2 3 0 0 0 0 0 0 0 0 604
Number of leeches 0 125 14 6 12 0 0 0 0 0 0 0 0 157
Total distribution of 1eeche§ among 1,688 Pulmonateé
Total: 0 Joogo R R S R el Renal
Number of leeches/snails 1,329 266 55 20 10 v 2 1 0 0 2 . i 1,688
Number of snails 0 266 110 o ik dpieleic B 7 0 0 20 0 0 530
Table 32. Distribution of leeches on mollusks collected from two ponds
Bert Pond (T1S, R3E, S19), E. S. George Reserve, Livingston County, Michigan
Distribution of leeches among 885 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 30« AL 12 Total
Number of snails 557 212 74 23 10 6 2 0 0 0 0 0 1 885
Number of leeches 0 212 148 69 40 - 30 12 0 > G 0 0 12 523
George Pond (T1S, R3E, S19), E. S. George Reserve, Livingston County, Michigan
Distribution of leeches among 485 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 T 8 9 10 11 12 Total
Number of snails 333 136 10 5 0 0 0 0 0 0 0 ! 0 485
Number of leeches 0 136 20 15 0 (0] 0 0 0 0 .1 R ¥ | 0 182

3, one (3%) had 4, and one (3%) had 5. Two A, hyp- In Bert Pond (Table 32) the 328 H.

trivolvis in-

norum had 2 leeches, and one P. armigera had 3. The
other woodland pool (Table 30) onZeeb Road yielded
only one snail of 375 A. hypnorum with only one
leech infestation.

Of the infested H. trivolvis collected from a
roadside ditch (T1S, R3E, SI19SE) (Table 31), 48
(26%) had 2 leeches, 18 (10%) had 3, 7 (4%) had 4,
* had 5, 2 had 6, 1 had 7,  and 2 had 10. Also, a
roadside had 40,S. elodes with 1 leech; 137 P. gy-
rina had 7 (5%) with 2 leeches, 2 with 3, and 3
with 4. -

fested with leeches :had 74 (23%) with 2 leeches,
23 (7%) with 3, 10 (3%) with 4, 6 with 5, 2 with 6,
and 1 with 12 leeches. George Pond (Table 32), how-
ever, had 152 infested H. trivolvis, of which 10
(7%) had 2" leeches, 5 (3%) had 3, ‘and 1 had 11

 leeches.

Fleming Creek (Table 33) had three snail species,
H. trivolvis, P. gyrina, and H. anceps, infested
with leeches. Of 165 H. trivolvis 12 (7%) had 2,
4 (2%) had 3, and 1 had six leeches. Of 112 H. an-
ceps infested, 11 (10%) had 2, 7 (6%) had 3, 2 (2%)
4, 2 had 5, and 1 had 7 leeches.
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Table 33, Distribution of leeches on mollusks collected from Fleming Creek (T2S,R6E,S25SE),
Washtenaw County, Michigan

Distribution of leeches among 658 Helisoma trivolvis

Number of leeches/snails 0 1 2 3 4 5 6 7 8 ol s Suess o IS Total
Number of snails 196 148 12 4 0 0 1 0 0 0 0 0 0 361
Number of leeches 0 148 24 12 0 0 6 0 0 0 0 0 0 190
Distribution of leeches among 278 Physa gyrina
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 254 23 1 0 0 0 0 0 0 0 0 0 0 278
Number of leeches 0 23 2 0 0 0 0 0 0 0 0 0 0 25
Distribution of leeches among 507 Helisoma anceps
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 ) 12 Total
Number of snails 395 88 11 7 2 2 1 | 0 0 0 0 0 507
Number of leeches = . 0 88 22 21 8 10 6 7 0 0 0 0 0 162
Total distribution of leeches among 1,146 Pulmonates
Total:
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 16 . 3 12 Total
Number of snails 844 259 24 11 2 2 2 1 0 0 0 0 (0] 1,146
Number of leeches 0 259 48 - 33 8 10 12 7 0 0 0 0 0 377
Table 34, Distribution of leeches on mollusks collected from Crane Pond (T1S,R3E,S19),
E. S. George Reserve, Livingston County, Michigan
Distribution of leeches among 317 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 i & 8 9 10 11 12 Total
Number of snails 227 86 2 2 0 0 0 0 0 0 0 0 0 317
Number of leeches : 0 86 4 6 0 0 0 0 0 0 0 0 0 96
Distribution of leeches among 224 Helisoma anceps
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 144 65 8 3 3 0 1 0 0 0 0 0 0 224
Number of leeches : St 16 9 A2 e 5 6 0 0 0 0 0 0 108
Distribution of leeches among 4 Planorbula armigera
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 2 0 2 0 0 0 0 0 0 0 0 0 0 4
Number of leeches 0 0 4 0 0 0 0 0 0 0 0 0 0 4
Distribution of leeches among 38 Physa gyrina
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 35 2 0 1 0 0 0 0 0 0 0 0 0 38
Number of leeches <0 2 B3 0 0 0 0 0 0 0 0 0 5
Distribution of leeches among 548 Helisoma campanulatum
Number of leeches/snails 0 1 s S 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 433 110 4 0 1 0 0 0 0 0 0 0 0 548
Number of leeches 0 110 el 4 0 0 0 0 0 0 0 0 122
beal distribution of leeches among 1,131 Pulmonates
Total:
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 841 263 16 6 4 0 1 0 0 0 0 0 0 15131
Number of leeches RREL 0 el % 32 18 16 0 6 0 0 0 0 0 0 335




4y STERKIANA NO. 58, JUNE 1978
Table 35. Distribution of leeches on mollusks collected from a lake (T2S,R3E,SINE),
Washtenaw County, Michigan
Distribution of leeches among 649 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 552 - -893 2 1 1 (0] 0 0 0 0 0 0 0 649
Number of leeches 3 BSE. i 4 3 4 0 0 0 0 0 0 0 0 104
Distribution of leeches among 59 Helisoma campanulatum
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 48 8 3 0 0 0 0 0 0 0 0 0 0 59
Number of leeches 0 8 6 0 0 0 0 0 0 0 0 0 0 14
Distribution of leeches among 8 Promenetus exacuous
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 +10 11 12 Total
Number of snails 7 1 0 0 0 0 0 0 0 0 0 0 0 8
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Distribution of leeches among 16 Helisoma anceps
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 13 3 0 0 0 0 0 0 0 0 0 0 0 16
Number of leeches 0 3 0 0 0 0 0 0 0 0 0 0 0 3
Total Distribution of leeches among 732 Pulmonates
Total:
Number of leeches/snails 0 1 2 3 4 3 6 7 8 9 10 T 12 Total
Number of snails 620 105 5 1 1 0 0 0 0 0 0 0 0 732
Number of leeches 0 105 10 3 4 0 0 0 0 0 0 0 0 122
Table 36. Distribution of leeches on mollusks collected from Murray Lake (T2S,R7E,S10NW),
Washtenaw County, Michigan
Distribution of leeches among 201 Helisoma campanulatum
Number of leeches/snails 0 ¥ 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 181 19 0 0 0 1 0 0 0 0 0 0 0 201
Number of leeches 0 19 0 0 0 5 0 0 0 0 0 0 0 24
Distribution of leeches among 104 Planorbula armigera
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 13 12 Total
Number of snails 139 1 0 0 0 0 0 0 0 0 0 0 0 140
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Distribution of leeches among 30 Physa integra
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 28 2 0 0 0 0 0 0 0 0 0 0 0 30
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2
Distribution of leeches among 35 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 34 1 0 0 0 0 0 0 0 0 0 0 0 35
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Total distribution of leeches among 406 Pulmonates
Total: :
Number of leeches/snails 0 i ! 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 382 23 0 0 0 1 0 Qe 0 0 0 406
Number of leeches 0 23 0 0 0 5 0 0 0 0 0 0 0 28
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Table 37, Distribution of leeches on mollusks collected from Four-Mile Lake
(T2S,R4E,S4SE), Washtenaw County, Michigan s
Distribution of leeches among 109'thsa'gxgina
Number of leeches/snails 0 1 2 3 4 L 7 8 9 10 11 12 Total
Number of snails 69 39 1 0 0 0 0 0 0 0 0 0 0 109
Number of leeches 0. 38 2 0 0 0 0 0. 0 0 0 0 0 41
Distribution of leeches among 398 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 315 72 4 2 4 0 0 1 0 0 0 0 0 398
Number of leeches [0 8 6 16 _ 0 0 7 VO ISP 0 0 0 109
Distribution of leeches among 4 Helisoma campanulatum
Number of leeches/snails 0 1 2 3 4 > 6 7 8 9 10 11 12 Total
Number of. snails 2 1 1 0 0 0 0 0 0 0 0 0 0 4
Number of leeches 0 ! 2 0 0 0 0 0 0 0 0 0 0 3
Distribution of leeches among 75 Gyraulus parvus
Number of leeches/snails (] | 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 72 3 0 0 0 0 0 0 0 0 0 0 0 75
Number of leeches 0 3 0 0 0 0 0 0 0 0 0 0 0 3
Distribution of leeches among 18 Promenetus exacuous
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 17 1 0 0 0 0 0 0 0 0 0 0 0 18
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 i
Distribution of leeches among 2 Helisoma anceps
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 : 11 12 Total
Number of snails 1 0 1 0 0 0 0 Q= 0 0 0 0 2
Number of leeches 0 0 2 0 0 0 0 ¢ JIMEY 1 0 23 55 0 0 2
Total distribution of leeches among 606 Pulmonates
Total: :
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 476 116 7 2 4 0 0 1 0 0 0 0 0 606
Number of leeches 0. 116 14 6 16 0 0 7 0 0 0 0 0 159

Crane Pond (Table 34) had five snail species, H.
trivolvis, H. anceps, P. armigera, H. campanulatunm,
and P. gyrina. Of 90 H. trivolvis, 2 (2%) had 2
and 2 (2%) had 3 leeches. Of 80 H. anceps, 8 (10%)
had 2, 3 (4%) had 3, 3 (4%) had 4, and 1 had 6
leeches. The 2 P. armigera had 2 leeches, 1 P.
gyrina had 3; of 115 H. campanulatum, 4 (3%) had 2
leeches and 1 had 4 leeches.

From a lake (T2S, R3E, SINE) (Table 35) four
snail species, H. trivolvis, H. campanulatum, P.
exacuous, and H. anceps, had leeches. The 97 H.

trivolvis had 2 (2%) with 2, 1 with 3, and 1 with
4 leeches. P. exacuous and H. anceps had single

infestations. Of 11 H. campanulatum infested, 3
(27%) had 2 leeches.

In Murray Lake (Table 36) four snail species, H.
campanulatum, H. trivolvis, P. integra, and P. ar-
migera were infested with leeches. Of 20 H. canm-
panulatum infested with leeches, one specimen had

P. armigera, H. trivolvis, and P. integra all
had single infestations.

Six snails, P. gyrina, H.

trivolvis, H. campanu-
latum, G. parvus, P.

exacuous, and H. anceps, from

Four-Mile Lake (Table 37) were infested with leech-

es. Of 40 P. gyrina only one had 2 leeches; and
one A. campanulatum had2 leeches. Of 83 H. tri-

volvis, 4(5%) were infested with 2, 2 (2%) with 3,

4 (5%) with 4, and lwith 7 leeches. G. parvus and
P. exacuous had single infestations, and one H. an-
ceps had 2 leeches.

Most mollusks infested with leeches from the in-
cidental stations, (Table 38), Cressman Pond, Duck

Lake, Fleming Creek, Waffle’s Pond, South Lake,
Baw Besse Lake, Impoundment, Mill Lake, Douglas
Lake, Au Sable River, and a roadside ditch (T23S,

R4E, S31S), had single infestations. the roadside
ditch, in addition, had specimens of H. trivolvis
infested with multiple number of leeches. Of the
32 specimens infested with leeches, 10 (31%) were
infested with 2 leeches, 5 (16%) with 3 leeches, 9
(28%) with 4. leeches, and 1 (3%) with 5 leeches.
Mill Lake, another incidental site, had one speci-
men of H. campanulatum infested with two leeches.

Part Vi. The Symbionts: Chaetogasters

and Midges

Only two symbionts, an oligochaete (Chaetogaster
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Table 38. Distribution of leeches found on mollusks collected from various aquatic hibitats

Cressman Pond (TlS,R3E;830NE), E. S. George Reserve, Livingston County, Michigan

Distribution of leeches

among 57 Helisoma trivolvis

Number of leeches/snails 0 1 2 3 4 S 6 7 8 9 10 11 12 Total
Number of snails 56 1 0 0 0 B e 0 0 0 0 0 0 57
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Duck Lake (T2S,R3E,S$12), Jackson County, Michigan
Distribution of leeches among 51 Stagnicola exilis
Number of leeches/snails 0 3 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 49 2 0 0 0 0 0 0 0 0 0 0 0 51
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2
Distribution of leeches among 5 Planorbula armigera
Number of leeches/enails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails : | 2 0 0 0 0 0 0 0 0 0 0 0 5
Number of leeches 4] 2 0 0 0 0 0 0 0 0 0 0 0 2
Fleming Creck (T2S,R7E,S8SE), Washtenaw County, Michigan
Distribution of leeches among 48 Sphaerium simile
Number of leeches/bivalves = 0 1 2 3 4 L P 7 8 9 10 11 12 Total
Number of bivalves 32 16 0 0 0 0 0 0 0 0 0 0 0 48
Number of leeches 0 16 0 0 0 0 0 0 0 0 0 0 0 16
Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan
Distribution of leeches among 81 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 = 6 7 8 9 10 11 12 Total
Number of snails 78 3 0 0 0 0 0 0 0 0 0 0 0 81
Number of leeches 0 3 0 0 0 0 0 0 R 0 0 0 3
Distribution of leeches among 37 Aplexa hypnorum
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 36 1 0 0 0 0 0 0 0 0 0 0 0 37
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Distribution of leeches among 2 Planorbula armigera
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 1 3 0 0 0 0 0 0 0 0 0 0 0 2
Number of leeches 0 1 0 0 0 0 0 0 0 0 0 0 0 1
South Lake (T1S,R3E,510SW), Washtenaw County, Michigan
i : Distribution of leeches among 18 Helisoma trivolvis
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 16 2 0 0 0 0 0 0 0 0 0 0 0 18
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2
Baw Besse Lake (T12S,R16E,S$33), Muskegon County, Michigan
Distribution of leeches among 5 Helisoma trivolvis
Number of leeches/snails 0 1 20 4 5 6 7 8 9 10 11 12 Total
Number of snails 4 1 0 (1} 0 0 0 0 0 0 0 0 0 5
0 1 1

Number of leeches 0 0 0 0 0

0 0 0 0 0 0
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TABLE 38 (CONT INUED)

Impoundment (T1S,R3E,S29SW), Washtenaw County, Michigan

Distribution of leeches among 9 Helisoma trivolvis

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails T 2 0 0 0 0 0 0 0 0 0 0 0 9
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2

Mill Lake (T2S,R3E,S4NE), Washtenaw County, Michigan

Distribution of leeches among 6 Helisoma trivolvis

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 | & 12 Total

Number of snails 5 1 0 0 0 0 0 0 0 0 0 0 0 6

Number of leeches 0 i 0 0 0 0 0 0 0 0 0 0 0 1
Distribution of leeches among 9 Helisoma campanulatum

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 n 12 Total

Number of snails 8 0 1 0 0 0 0 0 0 0 0 0 0 9

Number of leeches 0 0 2 0 0 0 0 0 0 0 0 0 0 2

Douglas Lake (T37S,R3E,S27), Cheboygan County, Michigan

Distribution of leeches among 31 Physa parkeri

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 18 13 0 0 0 0 0 0 0 0 0 0 0 31
Number of leeches 0 13 0 0 0 0 0 0 0 0 0 0 0 13

Au Sable River (T26,R3E,S7SW), Crawford County, Michigan

Distribution of leeches among 25 Lymnaea stagnalis

Number of leeches/snails 0 | 2 3 4 5 6 7 8 9 10 i 4 i i Total
Number of snails 23 2 0 0 0 0 0 0 0 0 0 0 0 25
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2

Roadside ditch (T23S,R4E,S31S), Missaukee County, Michigan

Distribution of leeches among 82 Helisoma trivolvis

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 1 12 Total
Number of snails 50 AR 5 9 1 0 0 0 0 0 0 0 82
Number of leeches 0 s R SR | 5 0 0 0 0 0 0 0 83

Distribution of leeches among 8 Helisoma anceps

Number of leeches/snails

0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 6 2 0 0 0 0 0 0 0 0 0 0 0 8
Number of leeches 0 2 0 0 0 0 0 0 0 0 0 0 0 2

Distribution of leeches among 64 Lymnaea megasoma
Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 59 5 0 0 0 0 0 0 0 0 0 0 0 64
Number of leeches 0 5 0 0 0 0 0 0 0 0 0 0 0 5
Total distribution of leeches among 538 mollusks

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
Number of snails 451 61 3 i | 5 9 1 0 0 0 0 0 0 0 538
Number of leeches 0

6L 22 A% 136 5 0 0 0 0 0 0 0 139




48

limnaei v. Baer) and three species of dipteran mid-
ges (Chironomus sp., Glyptotendipes sp., and Poly.
pedilum sp.) were found either in conjunction with
leeches and cercarial typesoralone on the various
mollusk species collected under natural conditions
in 1972 and 1973. Tables 2 through 12 show that
small oligochaetes, C. limnaei, were usually abun-
dant on many of the mollusks; their presence varied
somewhat with the species of mollusk and the habi-
tat. The 15 pulmonate snails harboring C. limnaei
were: H. trivolvis, H. campanuletum, H. anceps, P.
gyrina, P. sayii, P. integra, G. parvus, G. hirsu-
tus, P. exacuous, L. stagnalis, L. catascopium, L.
columella, L. humilis, S. elodes, and P. armigera;
it was on only one operculate snail, Campeloma de-
cisum, and two sphaeriid clams (S. lacustre and S.
fabale).

Chaetogasters were not found on the following o-
perculate snails: A. limosa, V. tricarinata, G. li-
vescens, P. acutum, V. malleatus, B. tentaculata;
none were on the pulmonates L. emarginata, P. par-
keri, S. exilis, G. deflectus, nor on the finger
nail clam, S. simile. No chaetogasters were found
on' the following snails: 8. exilis, H. trivolvis,
A. hypnorum, P. armigera, P. exacuous, G. parvus,
and S. elodes, living inwoodland pools; nor on the
snails: H. trivolvis, S. elodes, P. gyrina, L. me-
gasoma, and H. anceps living in roadside ditches,
even though several of these species carried chae-
togasters in other habitats.

Neither the numbers of chaetogasters present on
these mollusks nor the time of year they were ob-
served was recorded; most were seen throughout the
year. On several occasions leeches were observed
not only to feed on the snails but they also fed on
chaetogasters, which could be seen in the leech’s
gut. Also, in a few instances, cercariae were ob-
served in the gut of several chaetogasters.

The presence of midges was infrequent since only
three species were discovered in the mantle cavity
of 3 H. trivolvis, 2 P. gyrina, and 1 H. campanu-
latum; 2 specimens of Chironomus sp. and 1 specimen
of Glyptotendipes sp. inHelisoma trivolvis, 1 spe-
cimen of Chironomus sp. and Polypedilum sp. in Phy-
sa gyrina, and 1 specimen of Glyptotendipes sp. in
Helisoma campanulatum.

Part VII, Leech Gut Contents Studied
with Immunological Data

The contents of the guts of leeches found inside
of their molluscan hosts were not tested serolo-
gically to determine whether there was any parasi-
tism. However, previous studies (Hatto 196€ and
Klemm 1973) showed serologically that leeches in-
side of snails definitely parasitized them. Con-
sequently it was assumed that any leech with opaque
material in its gut and found inside a molluscan
host more than likely fed on and was parasitic on
that host.

Only six species in the family Glossiphoniidae,
H. fusca, H. lineata, H. papillata, G. complanata,
G. heteroclita, and M. lucida, parasitized mollusks.
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Sixteen G. complanata parasitized the sphaeriacean
clam S. simile; one G. heteroclita was inside P.
gyrina. H. fusca, H. lineata, H. papillata, and M.
lucida were common in the mollusk examined. The
following leeches: H. fusca, H. lineata, H. papil-
lata, and G. complanata, were the only species liv-
ing both on and off of mollusks.

Many other species in three families, Glossipho-
niidae, Erpobdellidae, and Hirudinidae, were free
swimming or attached to various substrates other
than mollusks in various habitats (Appendix III).

Several authors (Harding and Moore 1927, Miller,
1929, 1937, Mathers 1948, Pennak 1953, Waffle 1963,
and others) have claimed that G. complanata and H.
stagnalis were always associated with snails on
which they feed; consequently, they were commonly
called ‘snail leeches.’ Hilsenhoff (1963), Thut
(1969), and Sawyer (1972) showed that H. stagnalis
fed on small oligochaetes, aquatic insects, and
possibly other leeches rather than on snails. Sa-
rah (1971) found juveniles of G. complanata infest-
ing 10.8% of 210 snail specimens he examined. In
the present study, out of many mollusks examined
only 16 G. complanata infested S. simile. An abun-
dance of G. complanate and H. stagnalis were found
free-living. It was, therefore, decided to collect
these two species from the various collecting sta-
tions and test their gut contents serologically to
see whether they had been feeding onmolluscan tis-
sues.

The body wall of leeches is transparent when
starved, and, after a meal, the stomach and lateral
gastric caeca, inwhich large quantities of ingested
food may be stored for long periods prior to diges-
tion, are filled with opaque matter.

Prepared anti-Helisoma trivolvis serum was used
since this species was themost abundant snail found
in most of the various habitats studied. The anti-
serum was tested against homologous and heterolo-
gous animal antigens, and it was found that the re-
actions were given only against members of the class
Gastropoda. No cross reactions were noted with
members of other phyla. The results of serological
tests on the gut contents of G. complanata and H.
stagnalis are shown in Figure 26. Ten specimens
of both G. complanata andH. stagnalis were tested,
five whose gut contents contained opaque material
and five which had been starved. The starved leech-
es served as control, showing that the tissues of
G. complanata and H. stagnalis themselves did not
react. with the anti-Helisoma trivolvis serum. The
positive reactions, presence of precipitin arcs,
must be regarded as definite proof that G. compla-
nata fed on molluscan tissues from the various col-
lecting sites; the negative results of H. stagna-
lis are proof that they did not feed on snails but
on some other organisms.
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G. complanata
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Fig. 26. Examples of agar gel diffusion plates
showing the reactions of the gut contents of Glos-
siphonia complanata and Helobdella stagnalis with
the anti-Helisoma trivolvis anti-serum.

A. Glossiphonia complanata, a: anti-Helisoma tri-
volvis anti-serum, b: antigen, opaque matter from
gut contents, c: starved gut contents. Presence of
precipitin arcs, positive reactions.

B. Helobdella stagnalis, a: anti-Helisoma trivol-
vis anti-serum, b: antigen, opaque matter from gut
contents, c: starved gut contents. Absence of pre-
cipitin arcs, negative reactions.

DISCUSSION

Part |. The Study Areas

To assess leech-mollusk associations and to add
new information to the growing knowledge of leech
ecology, a comprehensive survey of mollusks, which
included pulmonates, operculates, and certain bi-
valves, was carried out in Southeastern Michigan.
The study areas were selected mainly for their rich-
ness in both leeches and mollusks. In addition,
25 incidental stations throughout Michigan were al-
so sampled at least once excepting those indicated
as necessary to determine the distribution of leech-
es associated with some of the same mollusk species
in the permanent sites and certain species found
only outside the permanent localities.

It was found that larger bodies of water tended
to have more leeches and mollusks since they usu-
ally provided a greater variety of microhabitats.
Waters with steep shores usually offered poor hab-
itats for leeches and mollusks. In some of the
areas studied the leeches and mollusks seemed to
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prefer a degree of current in the water; however,
none was completely dependent on it. The ten per-
manent stations, therefore, were characterized by
using the same environmental factors previously
mentioned as important in the ecology of both leech-
es and mol lusks.

In these studies it appeared that both leeches
and mollusks were most numerous in shallow waters;
they were scarce or absent in strong currents or
in situations where the edge of a habitat was un-
dercut and dropped off directly into deep water.
In broad terms of habitat study, most leeches and
mol lusks were more common in sheltered microhabit-
ats. with vegetative belts in the littoral zone
where emerging rooted plants (e.g. water lilies
with floating leaves) and submerged rooted plants
were found. Whereas a good supply of submerged
vegetation was in every way favorable to leeches
and mollusks, too thick a plant growth appears to
be harmful to mollusks (Boycott 1936).

At the ten permanent sites studied, collections
were made over a wide range of both water tempera-
tures (1° - 329 C) and pH (6.0-7.5) (Appendix II).
These factors were not considered in limiting the
distribution and abundance of these animals.

Substrate types were also found to be important
factors in determining the presence and abundance
of leeches and mollusks. In this study both groups
were collected fromhabitats with a variety of bot-
tom types (see Appendix II). Sapkarev (1967), Ben-
nike (1943) and Herrmann (1970)reported on the
substrate preferences among some species of leeches,
especially the glossiphoniids. Klemm (1972a) found
most leech species in waters containing a variety
of submerged and floating objects. It may be gen-
erally assumed that such materials were important
since they protect both leeches and mollusks from
predation, provide resistance to currents, offer
more niches for feeding, and furnish substrates on
which eggs can be deposited and where the eggs and
young of some species may develop.

In rivers and creeks, Pennak (1971), Wilkialis
(1971) and Hynes (1970) reported that no single
factor has greater biological significance than the
physical nature of the substrate. In this study
such factors as changes in bed and bank configura-
tion, decreases in water level, lack of placesfor
attachment, lack of reproductive sites, and disap-
pearance of stagnant environments (backwaters),
lack of suitable plants, certain muds, and excess
detritus——-all appeared to reduce the number of
both leeches and mollusks.

Part Il. Total Leeches, Symbionts, and
Cercarial Types recovered from
Mollusks in various Habitats

Most leech-mollusk' studies of the past were of
the survey type inwhich the investigator collected
known species of leeches from unidentified snails
or known species of snails were found with uniden-
tified leeches.

The -present study (Table 2-12) provides added in-
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formation and identifies both the leeches and the
mollusks, the symbionts and the cercarial types
recovered. These data showed precisely which spe-
cies attacked which species of mollusks in nature
from a variety of habitat types in southeastern
Michigan. This information made possible inter-
pretations of some additional predator-prey and pa-
rasite-host relationships.

Although the species diversity of leeches from
the di fferent habitats was quite high (Appendix III),
the number of different leeches infesting the many
mollusk species was lowand limited to five species
(Tables 13 through 23); three were in one genus,
Helobdella (H. fusca, H. lineata, and H. papillata),
and one in the genus Glossiphonia (G. heteroclita)
and one in the genus Marvinmeyeria (M. lucida) of
the family Glossiphoniidae.

The field data (Tables 2--12) showed that the
leeches recovered were found associated with a va-
riety of pulmonate snails or with sphaeriid clams.
None was recovered from the six operculate snails
examined. Others, such as Bennike 1943, Annandale
et al. 1921, Wesenberg-Lund 1937, and Thompson 1973,
reported leeches from operculates. This association
was probably unusual and perhaps species-specific,
for some operculate snails have astrong mechanical
defense against leeches when theyclose their oper-
cula. Among those leeches studied here none was
shown to penetrate snails with opercula. Annandale
et al. (1921) reported that almost every specimen
of Vivipara oxytropis in India was infested by the
leech Glossiphonia weberi. More than 30 of these
leeches were found in the branchial chamber of a
single specimen, while the branchial chamber of
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Lecythoconcha from the same habitat was invariably
empty. He speculated that the contraction of the
powerful columellar muscle closes the chamber much
more effectively than that of V. oxytropis, with a
comparatively more feeble muscle. On the other
hand, Wesenberg-Lund (1937) found a very small leech,
G. heteroclita, when he dissected the operculate
snail, Bythinia tentaculata. Thompson (1973) also
stated that leeches were observed coming out of Vi-
viparus snails inSouth America, when they were be-
ing preserved. Obviously additional studies are
needed to confirm these observations and to under-
stand better the relationships of leeches to oper-
culate snails.

Only one oligochaete worm, Chaetogaster limnaei,
was found associated with the mollusks, leeches,
and cercarial types studied. Their presence on
mollusks was evidently not limited by the presence
of the other associated organisms.

Snail-leech-cercarial associations were only ob-
served in limited numbers. This rare association
may be related to the heavy parasite burden that
exists when both leeches and cercarial types in a
snail may cause its death sooner than when they
have a more limited infestation. Another conside-
ration to explain its rarity may involve a prin-
ciple of exclusion. Additional studies are war-
ranted to determine its causes.

There were seven cercarial types in a variety of
mollusks from the different habitats sampled. Such
infections are normal for mollusks, since they gen-
erally are prime intermediate, or sometimes second
intermediate hosts for a variety of trematodes. -

ADDENDUM

Helobdella punctatolineata

occurs commonly in

Puerto Rico (Moore, 1939). Several reports of this
species occurring in the United States (Sapkarev,
1967, Kl emm, 1972b, and Richmond, 1972) remain ques-

tionable.

However, specimens which closely resem-

ble this species have been identified recently from
southern Lake Michigan (Klemm, unpubl.). Addition-
al collecting could extend the known range of H.
punctatolineata, or experimental breeding may de-
monstrate that specimens which resemble this species
are colored variants of either the polymorphic H.

fusca or H. lineata.

(To be continued in Sterkiana No. 59, September 1975)
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GULELLA BICOLOR (HUTTON) IN TEXAS

Recent mention by D. S. Dundee (Sterkiana no.
55: 25, 1975) and R.W. Fullington and W. L. Pratt.
Jr. (Dallas Mus. Nat. Hist., Bull. 1, pt. 3: 24,
1974) appear to be the first reports of this spe-
cies in Texas.

Gulella bicolor was collected alive by the author
under the leaf litter of a shrub near the U.S.D.A.
Research Laboratory in Weslaco, Hidalgo County,
Texas in 1971 and 1973. As several specimens were
collected each time itwould appear that G. bicolor
may be establishing itself in the general vicinity
of the laboratory.

Collected with G. bicolor were Polygyra texasia-
na, P. septemvolva, Praticolella berlandieriana,

BAGWORM CASES AS PSEUDCGASTROPODS

Recently, La Rocque (1973) reviewed several cases
of pseudogastropods, animals originally believed
to be gastropods due to gross external morphology.
Additional examples were given by Corgan (1974).

An instance of mistaken identity similar toheli-
ciform caddisfly cases involves certain species of
bagworm moths (Lepidoptera:Psychidae). The bagworm
larva remains in a self-constructed bag which it
carries as it feeds on leaves of various plants.
The best known species in the United States is the
evergreen bagworm, Thyridopteryx ' ephemaeriformis
(Haworth), which is most common in urban areas on
arbor vitae. The bag of most species is cylindri-
cal in shape. However, a few species have bags
which are helically coiled like gastropods. Cer-
tain species of Asian and African bagworm moths
with such cases were originally sent to the British
Museum as land snails by the original collector
(Holland 1903: 360).
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and Lamellaxis gracilis. The flesh of G. bicolor
was orange and the color could be seen through the
shell. L. gracilis was yellow in color which could
also be seen through the shell as could eggs which
several specimens contained.

Voucher specimens will be deposited in the Dallas
Museum of Natural History and the U. S. National
Museum in Washington, D.C. as soon as possible.

Thomas G. Littleton
Department -of Biology
Texas A. & M. University
College Station, TX 77843
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In the United States there is a single species
which has a case ‘resembling a helical land sngxl
with 2% to 3% coils (Davis 1964: 41). This species,
Apterona crenulella form helix (Siebold), is not
native to the United States. This native of central
and eastern Europe and western Asia has been found
in California, Utah, Idaho andNew York. Snail-like
in some habits, the larvae of Apterona generally
feed only at night after fastening their cases to
a leaf surface much as snails aestivate.

Raymond W. Neck

Texas Parks and Wildlife Department
John H. Reagan Building

Austin, TX 78701
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