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FEEDING RELATIONSHIPS OF LEECHES 
HIRUDINEA) AS NATURAL 

STUDIES ON THE 
(ANNELIDA: 

ASSOCIATES OF MOLLUSKS* 

DONALD J. KLEMM** 

M.us .eum 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 
Marvinaeyeria in their relation to freshwater mol­
lusks in southern Michigan. Four fam~lie ·!! and seven 
species of operculates, three fami 1 ies and nineteen 
species ofpulmonates , and one family of three spe-· 
cies of sphaeriacean clams were examined for leeches 
over a two-year pe.riod. · lnformation is also pro­
vided on ~ther ·para~ites and symbi o.nts found on mol­
lusks infested wi tb part-icular species of leeches .. 
Leeches infesting mollusks within seve ral different 
habitats, such as h ,kes , ponds , woodland · pools , 
creeks , and roadside ditches are compared . 

In the various habitats the !lBbit s of both groups 
coincide. · 1be sites or organs inhabited by th.e 
several species of leeches infe~ting specific snails 
were 11111inly the Mntle cavity, above and below the 
mantle , and the. kidney . · The preferred site s with ­
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 inveatigat·ion· was carried out in partial 
fulfill~~ent ofth·e require~~ents ' for. the degree of 

Doctor of Philosophy in ·the · University of Michigan, 
1974, and .was suppor~ed by the U. S. Public Health 
Senice Training Grant .No. 5 Tl AI 41 from the ·Na­
tional lnstitute of Allergy and lnfectiou~ Diseases 
and under the sponsorship of. the . Rese.arch and De­
velopaaent Colliand, Office of the Surgeon General, 
Department .of the Ar•y. 

leeches serve as regulators of snail populations 
under natural conditions . The degree of rrrultiple 
parasitism and its effect Qn snails ind i cate 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 rrrul ­
tiple infestations did not survive . However , the 
majority of the multiple infestations were f ound on 
the larger pulmonates. Serological test s of the 
gut content.s from certain free-li v: ng leeches showed 
tha.t some· species had f ed ·on mollus ~o s and others had 
npt . 

An extend~d qterat;ure search a . to the world- wide 
distribution of leeches. re.vealeu that , although 
the information available is extensive, all too 
1 ittle is' known regar4ing the parasitism or . preda­
tion of leeches .on. mollusks. Thu's, information , 
as it relates to the possibility for biological 
control of spaih by leecl:!es, reveals th·at the 
leeches studied are not especially promising as or­
gani s ms for this purpose. 

•• Present Mdres·s : Environmental Protection Agen­
cy , National En vi l"on~~enta1 Research Center, Meth­
od as Development. and Quality Assurance Research 

Laboratory, Biological Methods Branch, Aquatic 
Hiology Section, Cincinnati, Ohio 45268 

. . . 

A 'full. table .of contents for this paper will ap­
pear at the end of the paper. 
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INTRODUCTION' 

The Leeches · 

Whereas lee~hes (Phylum Annelida, Class Hirudi­
·nea) are world-wide in distribution (So6s· 1970 for 
the world and Klemm 1972b, Sawyer 1972, and Davies 
1973 for North America) in terms of taxonomic num- · 
hers they are few as compared with some of the oth­
er ·major. invertebrate groups. The phylum consists 
of three or-ders (Rhynchobdellida, Gnathobdellida, 
and PharyngobdeHida - J.P. Moore, '1959), Among 
these orders the known leeches in the world ;are re­
presented by 10 ·families, 97 genera, !lpproximately 
375 species, an'd 16 subgenera (So6s 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 are highly 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 dis~ribution, 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 probosci·s. 
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This order contains no terrestrial or carnivorous 
forms and consists only of freshwater and marine 
species. The members are strictly 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 rrust be made between the two. 

The probo~cis, a f~eding organ, serves as an im­
portant characteristic in this group. It is an ad­
aptation of the pharynx which has become highly rrus­
cular! . free, andprotractile and is so very cap~ble 
of be1ng 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 nm 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 a wide range of hosts and supposed! y have some­
what more catholic tastes or have been reported to 
have unknown feeding habits. 

The order Gnatho'baellida inc .ludes the jawed lee­
c~es; usually with." dentition and w:ithout a probos­
ps; these ,are the typical leeches. They are fully 
adapted to predaceous, sanguivorous, and truly pa­
rasitic habits of feeding; with fe'w .· exceptions they 
are the largest ·forms as ·well as those most inti­
mately ·affecting man and wild and dolne;tic animals. 
As far as now known, they 'are freshwater or terres­
trial; none is truly marine. Most species a;> ad­
ults range from two to six· inches long when nor­
mally extended. In this order, only a few specie-s 
of the · family Hirudinidae were ~eported occasion­
ally to feed on inver'tebrates. Many a·re important 
blood sucking parasites of man and domestic animals. 
Some gent:ra tend to h'ave the jaws and dentition re­
duced or absent'' and they have become maerophagous 
in their feeding habi'ts. 

The order Pharyngobdellid'a 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 mm in length. 

Rhynchobdellid leeches have not hitherto attained 
notoriety a·s ,dangerous p~rasi t~s. and, as already 

· noted, they rarely draw blood fr.om man. Neverthe­
less, they dese.rve close investigation to I!Scertain 
their feeding requirements and to de te·rmine whether 
they play a part in transmission .of diseases of 

.economic importance , (Robertson '1909; Barrow 1953, 
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1?58, Mann 1962,Becker 1964, Becker and Katz 1965, 
Richardson and Hunt 1968, Soltys and Woo 1968, Woo 
1969a, 1969b, 1969c, and &tz1er et al. 1973). It 
~~ als? important to ascertain their importance as 
b1olog1cal control agents of snail populations un­
der . natuul conditions, especially those of the 
fam1ly 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 larges·t lake and river has characteristic popu-
lations of snails or mussels, · 

The omnipresence ofmollusks has made them avail­
able to' .man 11s . sources . of food. This relationship 
is secondary and incidental when compared with the 
role of mollusks ~s 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 molluscim intermediate hosts in . 
part of their life cycle. ·Some use additi.onal in­
termediate hosts, such as . crustaceans, . fishes, 
frogs, and ' leeches. · Certain · blood flukes cause 
schi!ltosomiasis in man (Malek 1961) . and others in­
vade se.veral species of hints and: mammals. Man ' s 
cosmopolitan distribution has exposed him to these 
and many other parasites. Also, the changes man 
has . made in his environmen't have enabled many pa­
rasites and their intermediate hosts to increase 
enormously. It is gen'erall y conceded. that schisto­
somiasis has now replaced 111alaria asalllBjor deter­
rent to progress in many underdevel·oped regions of 
the world, especially in North Africa (van der 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, it is desirable to find some 
means of biological .c.ontrol 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 learri whether leech.es can serve 
this end. 

LITERATURE REVIEW · 

A review of the 1 iterature indicates that sever~l 
papers have reported that cer.tain leeches in the 
family G!ossiphoniidae and a few 'species in the · fa­
milies Erpobdellidae and Hirudinidae feed on or de-

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, 
su.rvey and experimental. The surveys may include 
known leeches fromunidentified. mollusks, known mol­
lusks with unidentifie·d leeches , or both the leech­
es and mollusks were identified. Such studies are 
those of the following fnvestigators: 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, Wesen berg-Lund 1937, Bruun 1938, 
Richardson 1947, Mathers 1948, 1954, 1963, Dorier 
1951, Pennak 1953, Mann 1953a, l953b, 1962, 1964, 
Michelson 1957,Dobrowolski 1958, Harry and Aldrich 
1958, Malek 1958, Wisniewski 1958, Grasse 1959, 
Hynes 1960, Karassowska and Mikulski 1960, Keith 
195~, Klimek 1960, Paloumpis and Starrett 1960, 
Luk1n 196~ . · Moore 1964, 1966, Okland 1964, Soos 
1964, . 1966, 1967a; 1967b, 1967c, 1969, Sikorowa 
1965, Taube 1966, Sapkarev 1967, Sawyer 1967, 1968, 
1972, O.emberlin 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 t.he host~parasite type or of the prey-predator 
type . 

lbe foremost. investigators of the survey type of 
leech - mollusk assoc·iati.on are Wilkialis 1964, Gruf­
fydd 1965a, Hatto 1968 ; Sarah 1971, andKlemm 1973. 
Wilkialis (1964) investigated the ecology and bio­
logyofthe leech, Glossipf!onia heteroclita hyal ina 
(0. F. Mull.), 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 
(l965a) 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-1 i ving during its 
breedin·g season; the life-histories of the leech 
and snai 1 were closely synchronized. 

Sarah (1971) in North America· studied Helobdella 
line.~ta Verrill, H. papillata (Moore), and Glossi­
phoin·a co~aplanata (L.) fr.om two species of pulmo­
nate snails in a creek in Michigan where they seemed 
to · attach themselves selectively to certain snails. 
Later Klemm (1973), also in Michigan, determined 
the· incidence of. a parasitic leech (Marv inmeye ria 
Lucida Moore) and t ·wo ·cercatial types in estivating 
snails (Stagnicola ~xilis Lea) in a woodland pool. 



Some of the im?,_ortant experimental investigations 
are those of Gtube 1936, Brumpt 1941 , Chernin, Mi­
chelson, andAugustine 1956, Waffle 196 3~ Wilkialis 
1964, McAnnally and Moore 1965, 1966 , and Hat to 
1968 . Th~y showed that certain leech e s attack cer­
tain snails by sucki~g snail blood or eating the 
soft an1mal tissues while both are confined in the 
same aquarium. There may have been some discrimi­
nation by the leech when given a ch .oice of mollusk 
species, but certain leeches usually attacked snails 
without dis.crimination after a period of fasting. 
Those stu dies 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 host1 cited 
from the 1 iterature and this ~tudy 

A c01aprehensive ' review of the published litera­
ture on mollusk-leech association (Table 1) reve·a1ed 
that several species of Leeches are worldwide in 
distribution whil~ 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 a.nd the recent 
investigation of Sawyer ( 1972) s~owed some of the 
earlier reports to be inaccurate. <ktly accounts 
with strong proof that the leeches have. specific 
feeding habits shou'ld be considered in discussing 
leech feeding heha'vior . . lr1 addit.ion, Soos (1970) 
listed 21 genera and more than 140 speci~s of 
leeches in the family Glossiphoniidae, but for many 
of them the diets are unknown . or questionable or 
~ot proper 1 y recorded. Also, some species 1 is ted 
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 h·ave been re­
ported with unknown feeding requi r~men ts even though 
their trophic dynamics d'o 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 tha .t 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 
studies by Klemm (1972b),Sawyer (1972), ~d Davies 
( 1973). . 

The feeding behavior of leeches is generally ac­
cepted as a form of predation. Nevertheless, wheth­
er their position in the trophic scale is specif.ic­
ally that of predat0 r, 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 h.osts but 
without killing them; \lnd scavengers feed on dead 
organisms. · 

Leeches in the family Glossiphoniidae have a pro­
bose is and are adapted for sucking blood. In the 

STERKIANA NO. 58, JUNE 1975 

process they may suck all the body fluids of a snail 
and they may even devour all the ti ssues of the an­
imal as well. This process is clea rly 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, Chernin et al. 1956, Har­
ry and Aldrich 1958, Waffle 1963, Moore 1964, McAn­
nally andMoore 1965, 1966, Moore 1966, Hatto 1968, 
Klemm 1972a) also indicates that the leech -mollusk 
association under 1 a bora tory conditions is a preda­
tor-prey relationship. However, strong evidence 
in the lit·erature (Bennike 1943, Wilkialis 1964 
Gruffydd 1965a, Hatto 1968, Sarah 1971, Klemm 1973j 
also shows that under natur.al conditions the rela-. 
tionship . may be a parasite-host association. Ex­
perimentally and under natural conditions several 
investigators (Wilki~lis 1964, Moore 1964, Gruffydd 
1965a, Hat to 1968, Sarah 1971, Klemm l972a, 1973) 
h11ve demonstrated that certain leeches appear to 
have a food preference for specific mollusks when 
they are available. 

In nature two patterns, paras1 t1sm and .predation, 
exist. In both one species obtains food at the ex­
pense of another; the method has fundamental im­
p:ortance to the predator or .the parasite. The pro­
cesses are basic to the way food is obtained in th~ 
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 and parasitism, 
generally s.peaking, is that a predator is usually 
larger than it.s 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 sue- . 
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 balanc.ed populations 
within a given community so that population sizes, 
whether predator-prey or parasite-host, become in­
terregulated by feedback mechanisms that effective­
! y control the population of both. lienee, they 
will not drive each other to extinction. · 

Of the three families, Glossiphoniidae, Hirudi­
nidae, and Erpobdellidae (Table l), the glossipho­
ni ids · include most of the leeches that feed on 
snails. .In this table are included leeches that 
have generally and specifically been reported a~ 
feeding on mollusks, as well .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 ~ discussed here. 

(Text continued after Table 1, next page et seq.) 
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TABLE 1. Review of the· litera·ture and the present 
study , s howi ng leeches in the ,famii"y Gloss ipho- · 
niidae and those other leeches associated with 
mollus can hos ts. 

---------------------------------~-.--------------
HOSTS AND LEEOIES 

'F•i I y Gloss i phon i idae 
Act i nobde 11 a .Moore (3) 

Fishes, turtles (~) 
Ancyrobdell a Oka . ( 1) 

Unknown 
Baicaloclepsis Luk i n & 

Epshtein (2) 
Unknown 

LEEOi DIS'lRIIf.JTIOO 

N. America 

Japan 

. Lake Baikal 

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

Japan, Oiina B. kasmiana (Okal 
Mussels (?) : Dipsas sp., 

A nod on ta sp. ' 
B, michiganensia Sawyer .U.S.A. {Michigan) 

Unknown 
B. paludosa (Carena) 

Snails {?}, tadpo~e 
(Pelobates fuscus) 

B. phalera (Grafl 
Snails{?), fishes 

B. picta (Verrill) . 

Europe, Af~anistan, 
China, Japan, N. Ameri-
ca 
N. America 

N. America 
Snails (?), amphibians 

B. reticulate (Kaburakil India, Malay Peninsula 
.4nodonta (?) 

B. tricarinata {Blan­
chard) 

S, C, E Africa 

Spatha wahlbergi Krauss 
Boreobdella Johansson (1) N & C Europe, Siberia 

Snails 
B. verrucata (Fr. HUll.) Europe, except S. Eu-

Ap lex a hypnorum (L.) · rope 
Byth i nia tentaculata (L.) 
Lymnaea auricularia (L.) 
L. ovata 'Oraparnau.d 
L. palustri~ 0~ F. M~ller 
L. stagnalis (L.) · . · 
Paludina fasciata (O.F. Miill) 
Planorbi.s albus (O.F. 'Miill.) 
•p. corneus. (L.) 
*P. nitidus (O.f. Mull.) 
•P . planorbis (L.) . 
Sphaeriwa corneu• (L.) 
Valvata pi scinalis (O.F~ Mull , ) 

Dismobdella Oka (1) Brazil 
Unknown 

' Hosts are shown in -roman and i'tali·cs; leeches in 
boldface. C: central ; E: easter~ . N: · norther!!, . 
S : southern. · , · · 

Following generic names of leeches, . the. numpers . of · 
species and subspecies (indicated by the +) g1ven 
in parentheses. · .. 

• Indicates snai 1 was eaten by a leech only -under 
laboratory c!>nditions. · · 

•' Indicates the ·lmail was eaten . by a leech under 
laboratory and natural conditions. 

All others under 'natural conditions. 

Gloasiphonia Johnson 
(11 + 3) 

Aquatic invertebrates , 
primarily snails, crus-
tace ans, insect larvae , 
worms, oligochae tes 

G. annandaleri Oka 
Tai intha Annandale 

World-wide 

India 

G. comp 1 anata (L.) Hol arctic Beg ion : (Ar-
•Bythinia tentaculata (L . ) gentina?), Europe, N. 
Gyraulus parvus (Say} America, India , Zaire 
• ' He l i soma anceps (Conrad) 
H. campanulatum (Say) 
• 'II . trivo l v is (Say) 
*Ly~naea rejlexa 

. Lymnaea sp. 
*L. stagnalis (L . ) 
*Lamp s i li s s i l iquo idea 

( k;arnes) 
lfydrob ia jenkinsi Smith 
*Promenetus exacuous (Say) 
*Physa font inal is Tayler 
•p _ gyr i na Say . 
*P . heterostropha Say 
*P . in .t egra Praldeman 
Pi s idium sp. · 
*Plan~rbis corneus (L . ) 
*P. vortex (L . ) 
Sphae r i um simile Say 
*'S. transversum _ (Say} 

G. cruciata ~hatia 
Gastropods 

G. heterocl ita (L. I 
*Ancylus sp. , 
*Bythinia tenta.culata, 

(L . ) 
Enchytraeus a(b idus 
*L eptol imnaea glabra 

{Mull.) · 
*Lymnaea peregra Mull . 
*L . stagnalis (L . ) · 
Pachylab ra maura Heeve 
*Physa fontinalis (L.) 
P. gy rina Say 
P. heterostropha Say 
•Planorb i s corneus · (L. )· 
*P . · contortus (L.) 
*P . nitidus O. F. Mull. 
*P . umbil'icatus · 

G. var. hyal ina (0. 
F. Mull.) 

*Lymnaea stagnalis ' ~L.) 
*Planorbis corneus (L.) 
•Radix ovata Draparnaud . 

India 

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

Europe 

*Stagnicola palustris (Muller) _ 
G. i ntermed i a Goddard Australu, Tasmania 

Bythinia austral is · 
G. novaecaledoniae 

· John.soll . 
Bythinia australis . 

~. swampia (&oscl 
Unknown (snails) 

New Caledonia 

U.S.A.. (Carolinas) 

G. tasman iens is I ngrem Tasmania 
· Snails · · 

G. weberi Bla11ehard 
Ampullar ia sp . 

India, Burma, Indone- ' 
sia, {'!Uganda) 
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Lymnaea sp . 
Paludina sp. 
Viviparus oxytropis Benson 

Haementaria de Fill ippi NeotroFical Region 
(5) 

Homoiothermic vertebrates, 
also man 

Helobdella Blanchard (31) World-wide, excepting 
Aquwtic invertebrates, pri- Notogaea 
marily insect larvae, crus-
taceans·, mollusks, tadpolf1S 
(?), oligochaetes, *Bulinus 

. t rune a tus 
H. elongate (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.)· 
• 'Promene tus exacuous (Say) 
• 'Physa gyrina Say 
P. integra Haldeman 

N, C, and S America · 

P. parkeri 'Currier' De Camp 
Pisidium virginicum (Gmelin) 

H. stagna I is. (L.) . , . Cosmopolitan; . unknown · 
Mollusk(?), insect larvae, from Notogaea · 
oligochaetes, crustaceans 
Asellus aquaticus (L.)? 
Cincinnatia emarginata 

.(Kuster) 
*Physa gyrina Say ? 
*P. integra Haldeman ? 
*Lymnaea reflexa (Say) ? 
Promenetus exacuous (Say) 
Planorbis albus O.F. Miill. ? 
*Pisidium sp. ? 
*'Sphaerium transve'rsum (Say) 

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

H. papillate (Moore) 
*'Helisoma anceps (Conr.) 
• 'H. parkeri 'Curri~r' 

DeCamp 

N. America 

*'H . trivolvis (Say) 
*H. campanulatum (Say) 
Lymnaea megasoma Say 
Physa gyrina Say 
Gyraulus parvus (Say) 
Stagnicola elodes (S~y) 

H. punctatol ineata Moore Puerto Rico, U.S.A. 
*Australorbis glabratus Say 
*Planorbis corneus (L.) 

H. transversa Sawyer 
Unknown (snails) 

Hemielepais Vejdoyaky (5) 
Fishes, amphibians, 
rarely mollusks 

H. marginate (O.F.Hull.l 
Mollusks (?) 
Lamellidens sp. (?) 

U.S.A. (Michigan) 

Palearctic Region: ' In­
dia, Kashmir, Japan, 
Sumatra · · ·· . 
Palearctic Region: Eu­
rope, India, Japan, 
China 

H, japon.ica Oka 
Mollusks (?) 
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Japan 

Harvinmeyeria Soos (1) North America 
Snails 

H. Iuc ida (Moore) 
Ap lex a hyp.norum (L.) 
Gyraulus parvus (Say) 

North Amer i c'a 

Hel i soma t r i volvis (Say) 
*Promenetus exacuous (Say) 
Planorbula armigera (Say) 
*Physa heterostropha (Say) 
P. gyrina Say 
Lymnaea emarginata Say 
Stagnicola elodes (Say) 
S. exi lis (Le'a} 

Oculobdella Antrum (1) Mexico 
Aquatic snails · 

O. socimulcensis 
(Caballero) 

Physa osculans 'Haldeman 
Oligobdella Moore t•J 

Amphibians . 
01 igoclepsis Oka (1) 

Unknown 
Parabdella Antrum (5) 

Amphibians, Reptiles 
Paraclepsis Hardi .~g 

Turtles, freshwater 
crustaceans 

Paratorix L'ukin. & 
Epshtein (1)· 

Unknown ·. 
Placobdella Blanchard 

Amphibians , reptiles, · 
fishes 

P. gracilis Bl a:nchard 
Lymnaea acuminata (?) 
Paratelphusa sp. (?) 

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

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

P. par asH i ca (Say) 
Snails (?), Taia shanen­
sis ?, turtles 

Podoclepais Dequal (1) 
Unknown 

Theromyzon Philippi 
Birds, rept i les, mam­
mals 

Fami 1 y Hirudinidae· 

Mexico 

U.S.A., Brazil, Japan, 
Soviet ·union 
Japan 

Ethiopiart ' Region: Cey­
lon, India, China, In­
dia, 1bailand 

Lake Baikal 

(31) World-wide 

Java, India 

N. ' America 

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

Ecuador 

World-wide, except the 
Notogaea 

' Hacrobdella Verrill N. and C. America 
(3) 

Sanguivorous (Vertebrates) 
H, d~cora (Say) N. America,. Mexico 

Snails (?) , vertebrates, 
also man 

Haemop is Sav i goy 1'7) Wester'n Palearctic 
(:Mol.libdella, Bdel-
larogat i s., Percy/1100-
rensis Richardsori) 

Macrophagou~, ·oligochae­
tes, insect larvae 

H. grandis (Verrilf) N. America 
Snails, clams, · 
Lynmaea s tagnal·is (L.) 
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Physa -spp. 
Hel isoma campanulatu11 (Say) 
Campelo miz sp. 
A!'lnicola sp. 
Sphaerium spp. 

H. plumbea Moore N. America 
Macrophagous (Snails?) 

H. sanguiauga (L,) W. _Palearctic Region 
Macrophagous (Mollusks?) 

H. marmorate (Say) Moor• N. America 
Snails, pelecypods, slugs, 
Physa spp. 

H. terreatris (Forbes) U.S.A. 
(-If. lateral is (Say) Moore) 

Macrophagous (snails?) 
H. latero.aculatu• U.S.A. 

Mathers 
Macrophagous (mollusks?) 

H. kingi Mathers U.S.A. 
Macrophagous (mollusks?) 

Fami I y Erpobdell idae 
Nephelopsis Moore (11 

Macrophagous, oligochaetes, 
insect larvae 

N. obaeura ·Verrill 
Snails, oligochaetes, in~ 
sect larvae 

N. Anlerica 

N. Americ·a 

DinaR. Blanchard (11...:1) N. America, Soviet 
Macrophagous, oligochaetes, Union, Europe, China 
insect larvae 

D. parva Moore 
Snails (?) 

N; Ame.rica 

Hooreobdella Pawlowaki (3t N. America 
Macrophagous, oligochaetes; 
insect larvae 

M. bucera (Moore) 
Snails (?) 

M. fervida (Verrill) 
Snails (?) . 

M. microato.a (Moore) 
Snails (?) 

Erpobdella Blainville 
(8-2) 

Macrophagous, oligochaetes, 
insect larvae, crustaceans 

E. punctata (Leidy) 
Snails (?) 

N. America (Michigan) 

N. America 

N. Amer~ca 

World·wide: N. America, 
Europe, Aaia,. ·Africa 

N. America. 

------------------------------~--. ---
. . 

Although the glossiphoniicl genus 'Batracobdella. 
has a world-wide distribution, . in North .A.erica i-ts 
species are among the leaat known of 411l leechea. 
The following four have: been reported. frotil this 
continent : B .. paludosa, B. picta, B. phalera, and 
B. •ichiganensis. B. picta a~d B. p~alera were re­
ported to feed on invertebra!-ea· (Mathers 1948), but 
this claim probably is doubtful. Evidence adduced 
by Richardson (1949), Br.ockleman (1968, 1969), · and 
Kle11111 1972a showed that B. p ictp replarly · feeds 
on amphibians. Pearse (1924) suppoaedly re.aved 
this leech from the white sucker (C. · coliaei'SOM i) 
and the yellow perch· (Perc~ flavucens), bllt that 
report is doubtful., . B. phalera waa rec·orded by 
Bere ( 1931) feeding· on the bluegill (Lepo•i• •acro­
ch irus); fi•h of the s111e species were found by 
Klenm (unpublished data) with this salle leech. Waf­
fle ( 1963 ). reported tha·t this leech fed on the A.-

7 

erican toad- (Bufo aaericanus) andGraf (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 
o~ mollusks, as w~ll as other animals. The members 
of the almost world-wide freshwater ge·nus Glossi­
phonia that feed mainly on mollusks, are represented 
in North America by three widely distributed spe­
cies: G. coaplanata, G. heteroclita, and G. swaap­
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) So6s (1966), 
Sapkarev (1967), Wilkialis ( 1970b), Klenm (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 it had a feeding preference for Physa 
.he terostropha and Proaene tus exacuous but did not 
feed on, Ly•naea eaarginata. 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 trtvolvis and 
H. anceps in a: creek that had a large adu1 t G. COIII­

·planata population. Gale (1973), furthermore, ob­
sened it on Sphaertua transversu• in the field; 
it also fed on this .bivalve in the laboratory. Dur­
ing this study, G. coapla.nata fed in the laboratory 
on _ H. trivolvis, B. anceps, H . . ca•panulatum, G. 
parvus, P. exacuous, P. gyrina~ · and P. integra. 
IIIVIIUnological data (Fig. 33) showed that the gut 
contents of ·adults collected under natural condi·­
tions, definitely - contained molluscan tissue. 

Glossiphonia heteroclita is unconmon 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). Gruffy<ld ( 1965a) found it in the mantle ca­
vity of Lyanaea peregra; Hatto (1968) found that in 
another habitat it fed mainly on Ly•naea stagnalis·. 
Bennike (1943) recorded Physti nitidus, P. contortus 
and L. stagnal'is as food of this species, and Her­
ter (1932) cit"ed Ly~~~r~aea peregra. Guibe (1936) 
experimentally fed it on a variety of mollusks 
(Ly~~~r~aea peregra, Planorbis corneus, P. umbilica­
tus, Lept•1lianaea glabra, Physafontinalis, 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 Tenidpedic;lae and Oligochaeta as open to 
doubt. Mathers (1948) reported that in general it 
fed on aquatic woru, snails, and insect larvae, 
but its food preference appeared to be snails. Saw­
yer ( 1972) stated ·that,_ as yet, no evidence of a 
relationship . between G. heteroelita and a snail 
existed in .North America. lllring this study one 
adult specimen of G. heteroclita was found parasi­
tizing Physa gyrina which in s~ areas may be its 

·_preferred host. G. swa•pina is very uncommon and 
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· is only known from South Carolina (Sawyer, 1973). 
· Its feeding habits are unknown but since it is 

closely related to G. heteroclita its food prefe.r­
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 c~Iex in South Amer­
ica and the H. fusca complex in North America . 

Helobdella stagnalis has been reported to feed 
on oligochaetes, aquati c 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 fe~ it the soft tissues of Proaenetus ex­
acuous; it would not eat Helisoma trivolv.is, Lym­
naea emarginata, and Physa heterostropha. Hilsen­
hoff (1963) and Thut (1969) observed that it fed 
readily on cliironomid larvae and oligochaete~ ; Sap-

.. karev (1967) listed chironomid larvae; tubificids, 
and the amphipod Hyale lla az teca, and possibly other 
leeches, rather than feeding on snails. ,Mann 
(1957b) also listed chi ronomid ( tendipedid) larvae. 
Sawyer (1972) in his laboratory was unable to get 
it to feed on the snails. Physa·, Stagnicola or He­
l iso~~~a. 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 
transversua and' experimentally fed it this .bivalve . 
IAlring this study it . was seen as free-1 i ving on 
sphaeri id clams but was not observe.d feeding on 
them under laboratory conditions. Herrmann (1970) 
stated that in many Colorado waters Glossiphonia 
complanata was found · with Helobdell!l 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 wer-e preferred .by 
G. co~~~planata, but that H. stagnalis took oligo­
chaetes .. and chi ronomid larvae in preference to 
snails. 

The leech Helobdella elongata has been ,report;d ' 
to feed on various snails, worms, and insect lar­
vae (Nachtrieb e t a l. 1912 and Mathers 1948), but 
some of these are probably doubtful as food organ­
isms. Very little is known about its biology ex­
cept that it does not usually feed · on Tendipes lilr­
vae (Hi1senhoff 1964) under laboratory conditions,. '· 

Hel~bdella fusca and the closely related species · 
H. l ineata, H. papi !lata, and · H. punctatol in11ata · 
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. 

ST~RKIANA NO, ~8. JUNE 1975 

A literature search gave only one tangible report 
(Crewe and Cowper, 1973) of an unidentified species 
ofHelobdella feeding on a laboratory culture of 
Bu linus 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 th~ insect lar ­
vae Tendipes sp. IAlring the present study it fed 
on a variety of mollusks (H. anceps, H. tr ivolvis, 
H. ca~~~panulatum, P . gyrina, P. exacuous) in the la­
boratory . Under natural conditions there was a 
snail preference for H. t'rivolvis. and H. ca~~~panu­
latum . 

Helobdella lineata fed on H. trivolvis (Klelllll, 
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 fed on H. cini:eps, H. trivol­
vis, P. parkeri (Klemm 1972a) . Sarah (1971) indi­
cated a.• definite .food preference for the snail" He­
l isoma anceps in the field . In our laboratory it 
also had a . preference for H. anceps, P . gyrina, S. 
elodes, and L. megasoma. 

Helobdel.la punctatolineata is widely distributed 
in Puerto Rico but is found occasionally in North 
America (Richmond, 1972 and Klemm, unpubl.). J. P. 
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 Pl'anorbis corneus and Australorbis (=Biom-

, phalaria) glabratus (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 
He lobde lla leeches were a significant potential 
hazard among lab9ratory snail colonies. 

ife·Zobde lla transversa from southern Michigan (Saw­
yer 1972) as yet has unknown feeding habits. Like 
the other similar species in this genus (/usca, li­

·neata, papillata, and punctatolineata) it probably 
feeds mainly on mollusks. 

·' The l~ech , Marvin111eyeria lucida, is known only 
from North America and evidence obtained from vari­
ous studies has sh own that it has definite snail­
eafing habits. J. E. Moore (1964) observed this 
species feeding on Physa heterostropha, Proaenetus 
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 
parasitizi ng a variety. of snails (H. trivolvis, P . 
exacuous , G. parvus, A . hypnoru•; P. araigera,and 
S . exilis) . 

The genus P lacobde lla is well represented in North. 
America . There is strong evidence that the members 
of its spec ies 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 predominant! y 
on turtles but could attack other animals occasion ­
ally. 

The leech P. tr.ontifera 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 vuious authors Warms 1959, 
1960; Here 1931; Pearse ·1924; Hoffman 1967; Ryerson 
1951; Bangham 1933; ~angham and Hunter 1939; Rich­
mond 1972; Poe 1972; Klelllllj, unpubl. data) have aho'Ml 
that its only specific host records involve· a v·ar ­
iety of fishes. 

The genus Theroayzon is. cosmopolitan in distri ­
bution. 1ne 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 
this genus feeds upon .. mollusks are probably d·oubt­
ful. 

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 : Macrobde lla and Haeaop is 
(~ollibdella, =Bdellarogatis, and =Percyaooren­
sis) . These species have large mouths with no or. 
different d!')greea of d.entition and have either san- · 
gui vorous or mscrophagous feeding habits . · 

Macrobdella decora, known only from North Ameri­
ca, is a .voracious predator, feeding an many ver­
tebrates (Mann 1962, Kopenski 1969, KleDIII 1972a, 
Sawyer 1972) . Stomach contents also inclu~e large 
niiiDbers of tubificids , and occasionally insect lar­
vae (Ward 1902 and Nachtrie-b et al. 1912). Srock­
leman (1968) stated that it preyed on egga of Bufo 
aaericanus and tadpoles ofR. cate.rbe iana, and Kle11111 
(197 2a) also observed . it feeding on salamander 
eggs. 

Haeaop is (=Moll ibde lla) grand is is known only 
from North Alllerica . It lacks jaws and is toothless, 
and is a predator and scavenger rather than a.' para­
site. Items in stomachs include various puhaona­
tes, bivalve shells, and other leeches. It also 
eats oligochaetes, leeches·, . snails, aquatic in­
secta and their larvae, and crustaceans {Nachtrieb 
et al. 1912; Moore 1922, 1923; Ryerson 1915; ~il­
ler 1929, 1937; Mathers 1948; Meyer and Moore 1954; 
and Mann 1962). Rupp and Meyer (1954) found it at­
tached to wounds of brook trout (S. fontin .alis) 
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caused by M. decora. Otemberlin (1968) found in 
its gut contents a variety of organi sms : Physa, 
Lwabr icus ube llus, Hydrophil idae , N. obscura, Di na 
sp ., H. ca~~panulatu•, Sphaeriua sp. , A~anicola sp. , 
L . ·stagnalis,Catr.peloaa sp., tadpoles, and unident­
ified earthworms, leeches, and snail parts. 

'The rare leech Hae•opis (=Bdellarogatis) plwabea 
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 Hatlllopis (=Percyaoorensis) is also re­
presented in North America by four other species : 
H. aaraorata, H. terrestris, H. kingi, and H. la­
teroaaculatua. These are considered somewhat am­
phibious, especially H. terre.stris which is repor ted 
to be terrestrial (Sawyer 1972) . 

Sawyer (1972) reported observing H. ~aartr.orata 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 lias been reported eating oligochaetes, 
pelecypods, dead fish, insect larvae , and leeches 
by Nachtrieb e t · 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. obscura, and con­
suming frog eggs. 

Haeaopis (=Percy•oorensis) 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.) latoaaculatum, known 
also from Iowa and found only occasionally, was re­
ported by Mathers (1963) as likely to feed on small 
earthworms, terrestrial and amphibious snails, 
slugs, · and soft bodied insect larvae . 

Haeaopis (=Percyaoorensis) terrestris , a un i que 
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 Nachtrie.b et al. (1912) , Miller 
(1937), and Mathers (1948) recorded its food as an 
added variety of organisms such as earthworms, a­
quatic annelida, snails, aquatic insects, and crus-
taceans. · 

The · fallli ly Erpobde llidae has .leeches which are 
adapted for a 'predaceous way of life. All species 
have a large .auth, 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 subsenus are repreaented in North America, Moo­
reobdella (~ina), Dina, Erpobdella, and Nephelop­
sis. The gen.ua 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 macroph a gous . M. fervida and M. micro­
l!toaa were repo r ted to consume aquatic worms in­
sect larvae, and snails (Mathers 1948 , Nachtrieb et 
al . i912, ' Miller 1929, 1937). Hermann (1970) re­
ported that M. microstoaa fed extensively 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. 111icrostoma feeds 
on small tubificid worms (Miller 1929 , 1937) . Dina 
(~ . ) bucera has unknown feeding habits, but it is 
probably a scavenger and predator like M. fervida 
and M. microstoma, rather than a paras~ te. 

Mathers (1948) reported D. parva to be predaci ­
ous feeding upon aquatic insec.t 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 extensively fed 
on snail~. chironomids, and . tubificids. 

The leech species, D. dub{a, has not been studied 
in terms of its feeding habits . Sa,wyer (1972) found 
insect larvae in its aut contents. Math.ers (1948) 
and Nachtrieb et al . (1~12) reported its foods as 
aquatic annelids, snails, insect larvae and crus­
taceans. 

The genus Nephelopsis is represented in North 
America by only one species, N. Q.bscura . Stomach 
contents contained insect larvae according to For­
bes (1893), Nachtriebeta!. (1912),and J . ·E . Moore 
(1%6) . Mathers (1948) reported it fed on oligo­
chaetes, snaUs and insect .larvae and Herrmann 
(1970) reported that it. fed on snails. 

The genus Erpobde lla is r.epresen ted in North hn­
erica by one species, E . punctata. Klemm (1972a) 
found it feeding on a dead fish and also Ol\ fairy 
shrimp (Chirocephalopsis bundyi) in a collecting 
container. Mathers (1948), Nac;htrieb et ai . ' 11912) , 
and Miller (1937) recorded small worms , leeches, 
aquatic snails, insect larvae, dead animals , fish, 
frogs, and crustaceans. Herrmann , (1970) reported 
it fed on snails; Moore (1966) found it fed on va­
rious types of beetles, oligochaetes, 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 (Octo las iua · 
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 . Molluak Ecology 

Many European inve~tiptors have stated that eu ­
trophic hsbi tats were uauall y favorable waters · for 
leeches (Pawlowski 1936, Bennike 1943, Sandner 
1951, Mann 1955, Dobrowoaki1958, .~ .rafinska 1958, 
Lukin 1962 , Kalbe 1966, , Wilkialis 1970a, and San­
der and Wilkialia 1972) . Others addu.cing similar 
data and comparing len tic with lotic waters in the 
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United States , areKopenski (1969), Herrmann (1970) 
and Klemm (l972a). In addition , leech communities 
in these waters were clearly differentiated and 
their character was mainly dependent on the degree 
pf eu·trophicatiqn of the specific habitat types . 

Data avai l able 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 distri ·bution . 

Most . leec h .and mollusk investigators have empha­
si.zed the impor.tance fordistrii;lution and abundance 
of such environmental factors as temperature pH, 
cleanne.ss of w~ter , . suitable . substrates presence 
of p,laces to which these leeches adhere , and de­
sirable food~ .. According to the literature certain 
leeches and mollus~s 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 
1972aL War111 waters tent tofa.vor growth and breed­
ing of both le!!ches and mollusks . Hydrogen ion 
concen trstions of acid-peaty waters with pH 6 or 
le.ss usually contain .no -sna;ils (Boycott. 1936) or 
lee~hes (Klemm 1972a). As alkalinity increases, 
the numbers of leeches and -mollusks usually also 
increase . 

.Paras i tea of Leeches 

Campbell (1973a) reported that lymnaeids and cer­
tain leeches in the genus He lobde lla (Ulmer, un­
published dat•) could serve as second intermediate 
hosts in which . cercariae encyst and undergo devel­
opment into 11e t acercariae of the tetracotyle type. 
He found that the genus He lobde lla 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 it was often possible to see numerous, 
clear cysts , called Tetracotyles typica in the me­
senchyme; they were .shown to be metacercariae of 
s trigeid trematodes . Bennike (1943) found tetra­
cotyles in Haeaopis sanguisuga and E. octoculata; 
they possibly belonged to the trematode species A­

.pate111.on (Strigea) gracilis . Wesenberg-Lund (1934 
and 1937) also felt that these tetrac;otyles belonged 
to Apatuon (Strigea) · gracilis . The tetracotyles 
of this spe.cies . were forw~ed from furcocercariae o.- · 
riginating in 8ythinia .tentaculata and tlaey devel­
oped to mature flukes in ducks (Szidat 1930). Wis­
niewski (1935) has, furthermore, described a furco­
cerc•ria Cercaria dubia, which likewise forma 
tetracotyles . in E. , octoculata . Meyer and Moore 
(19 54) found specimens of Haeaop is (Percyaoorens is) 
aar111orata heavily peppered llfith metacerca.riae , and 
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J. E. Moo x:e (1964) also found young and adult E. 
punctata spotted with· metacercariae of strigeid 
trematodes. Bennike (1943) alao found few speci­
mens of G. heteroclita infected with t.etracotyles. 

In Cr.echoalovakia., Vojtek et ol. (1967) discov­
ered four metacercariae of treeatodes . (Apate•on 
gracilis, Prohe•isto.ulu. ap. ,Prohe•isto•ulu• opa­
cua, and Cotylurus ap.) in leechea. In the liter­
ature there are reports that certain leeches and 
mollusks may participate as second intermediate 
hoat.a in the life cycles of .ame flukes that cause 
dangerous helminthosea to birda. The definitive 
hosts of these flukea · belong JDOatly in · the order 
Anaerifomea. The diaeaae cauaed by thM may be 
fatal to domestic du·cka. In s011e interesting hel­
minthological localitiea they found a high inten­
sity . and an extensity o·f invasions in leechu which 
provided sui table condi tiona for maasi Ye invaaiona 
of waterfowl by the11e . .flukes . It was also reported 
by Vojtek et ol.(l967) that theycould not draw any 
concluaiona as to the specificity of these larvae 
to their second intermediate boats, although they 
presumed that the moat important supplementary 
hosts of L gracilis were ·leeches in the genus Er­
pobde lla and the specie a Hoe•op is ·sangu isuga Par­
ticularly the latter had heayY invasions which may 
be attributed to the large size of this leech since 
much amalle r leeches in the genua Erpobde lla would 
certainly succumb to similar' invasions. Since 
leeches belonging _in the Gloaaiphoniidae are small 
heavy infections would also kill them and they are, 
therefore, not suitable aa second intemediate hosts 
for certain tx:ematodes. Canapbell (1973b) found that 
under laboratory conditions successful development 
occurred in L. stagnalis and S. reflexa of all 
air.es, but few tetracotyles deYeloped in the smal­
ler anaih; also the nU.ber of metacercariae was 
limited by temperature, snail sir.e, and host spe­
cies . 'Ibis relationship ~~~ay a lao pertain to cer­
tain leeches. 

Another metacercaria found in110lluaka and leeches 
(Vojtek et oZ. 1967) was deaipated aa Tetracotyle 
typica de Fillipi; they were recopir.ed "for a con­
siderable time in the literature. The data con­
cemins their supplementary hoatmention both leech­
es and molluaks. So.e authors considered metacer­
cariae fra~~ molluaka as belonpng to ·the same spe­
cies, Cotylurus cornutua (Rudolphi 1808); Sr.idat 
(1930) and otheu considered th• two ap.ci .. . The 
species repreaenta tion of the Te trocoty le form from 
•olluaka was confirmed repeatedly in experiMata 
by Ercolani 1881 , · Lu·tz 1921, Ma thiaa 192 S, Ti-.on­
Dnid 1943, Zajicek and Valenta 1964 llild Zdaraka 
1964. Sr.idat (1930) fi•at a.uccefiCMd in rearint acfl. 
ul t flukes from 1eechea. The metacercariae found 
by him in the 10nada of .. Erpobdella octoculoto and 
Haeaopi• soncuiSUIG dneloped in ducltl-inp . int~. ed­

·ult .flukea, .Cotyt:uriu cornutu1 .. 'fetnlcbtylu fro• 
leechea are coa$dered ~ larue Of the apaciel 
C. cornu tau a lao by,Ti1110n-Darid (,1943), Deb~..rolaki 
(1958) and Jtianiewaki: (1968). Sudulkov (1959) ~d. 
Sudarikn et al. (1962) ... lll!led. tlult tetracotyl'ea 
fl'Om the lacunary syate• in the followins leechea, 
E. octoculata, Glouiphonia coaplanota, and Helo­
bdella atagnali1, probably .beloftpd ·toanother ape-
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ciea than C. cornutus, therefore, designating them 
Tetrocotyle ap. Voj tek et al. (1967) are of the 
opinion that tet.racotyles of the genus Coty lurus 
from leeches belong to different, although close­
ly related species, than the tetracotyles from 
mollusks. Evidence supporting this fact was found 
in experiments with cercaria! invasions of second­
ary intermediate boats. The cercariae developed 
in Planorbarius corneus penetrated the leeches of 
the species Hae.opis sanguisuga , Erpobdella octo­
culata, Glossiphonia coaplanata, G. heteroclita, 
Heaic leps is aarginoto, andProtoc leps is tesse lata . 
The larvae ofCotylurus sp. were well distributed . 
In some localities the extensiveness and intensi­
ty of invasions was very high . The leech H. san­
guisuga ia probably playing the most important 
role as the second intermediate host of Cotylurus 
a,nd it may cause serious disease to waterfowl. 

As to the metacercariae of Proheaistomulum opa ­
cua in leeches, no inforillation h.aa bee!\ available 
on the life cycle of these larvae and there are 
only Yaried v1ewa as to which genus the adult flu­
kes belong. By feeding aaetacercariae toducklings , 
they recoYered adult flukes of the genus Cya tho ­
coty le. These flukes can be dangerous to water­
fowl if the invasion is heny (Shevtsov, 1958) .Me­
tacercariae from fin locations indicated ithad a 
wide dilltribution. The 1110at important second in­
termediate hosts in the deYelopmental stages of this 
species are leeches of the species Haemop is sangu i­
suga . Metacercariae ofProhe•istoaulum sp . are si­
milar toP. opacu•, 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 larne ofP. opacua . Vojteketal. (1967) in­
dicated that these metacercariae mostprobably be­
long to the genus Cyanthocoty Ze . These associa­
tions and others will be considered in the appro­
priate aection• of this paper . 

OBJECT I YES OF THE STUOY 

More exact know 1edse of the ecology of leeches 
(Hirudinea) has been needed for many species . Par­
ticularly , infonnation on the complete diets of 
moat species ia unknown even though their general 
habits are not coaplex . Many leeches are suspected 
of feed ins on molluska and other ·animals. J. P. 
Moore (1939) indicated that 111oat of the smaller 
·species belonging to the family Glossiphoniidae were 
habitually •alacopha.,us and that they fed al1110st 
elGClusively upon aquatic snails . The more preda­
ceous l.eechea of the families Erpobdellidae and Hi­
rudinidae also fed on snails, aa well aa other in­
vertebrates and dead animals of all kinda . The 
true b.lood auckins aquati~ leeche~ in the f•ilies 
~lolaiph.(,niidae and Hirudinidae were thnught usu-: 
ally to ~on.fine their attacks to vertebrates, ex -· 
cef.t when hun1ry1 and, if no vertebrates were ·avail­
atle, they would occasionally attack invertebrates. 
Therefore, it seemed important in making a begin­
ning that a thoroup reYiew of feetiing habi t11 of 
leechea in the f•ily Gloaaiphoniidae under natural 



12 

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 also reveal the leeches most like-
1 y to tolerate the ecological conditions of the 
snail intermediate host . 

Because genera of the family 'Glossiphoniidae, 
especially He lobde lla and Gloss iphonia, 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 on tlleir feeding require­
ments under natural conditions. Consequently , ·this 
st~,~dy was initiated to meet the following object­
ives: (1) to determine the degr-ee 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 su~h 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 col~ecting 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 rrrul­
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 s.ites 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 
spec.ies of operculates : Viviparidae: Viviparus 
(=Cipangopaludina) aalleatus (=chinensis) Reeve, 
Campe loaa decisu111 (Say); Valvatidae : Valvata tr.i­
carinata Say; Pleuroceridae: P!eurocera acutu111 Ra­
finesque, Goniobasis livescens (Menke); Amnicoli­
dae : Anmicola liaosa (Say);, Bythinia (=.Bulimus) 
tentaculata (Linnaeus). 

(2) Order Basommatophora: 3 families . with 19 spe, 
cies of pulmonate s. Lymnae idae: Lymnaea stagna lis 
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appressa (Say), L. (:Fossaria) humi lis (=obrussa) 
Say, L. (Bulianaea) 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 . (::Musculium) lacustre (Miiller), 
and S. (=M,) fab~le Prime. 

Sarnpl ing Methods 

It was necessary to select study areas with re -
. lativdy large mollusk populations since only in 
such a situation could rei iable data be .obtained 
during repeated sampling. The effects of over-c~l­
lecting, destruction of the aquatic habitat, and 
interference with the dyn·amics 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 sampl.ed monthly for 2 years. 

The clustered distribution of mollusks prompted 
the u~e of a 'time' capture method which was well 
established and tried for mollus·ks by Mac an ( 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 . ~en collections .were large, the mol­
lusks in their respective plastic bags were stored 
tempor'arily in a refrigerator until they could be 
examined .' The incidental c·ollecting 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, chemicd, and biological data were at 
the , following locations in southern Michigan: 

Bert Pond ' (TlS, 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, Sl9) , E.S. George Reserve , 

Livingston County 
George Pond (TlS , R3E , Sl9), E.S. George Reserve, 

Livingston County 
Lake (T2S, R3E , SINE), Washtenaw County 
Woodland Pool (T2S, R3E , S9SW), Washtenaw Coun­

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

.ty 
Roadside Ditch (TlS , R3E , Sl9SE) , Washtenaw Coun­

ty 
Four-mile Lake (.T2S , H4E, S4SE), Washtenaw Coun-

ty . 
Woodland Pool (T2S, R5E , S28SE), Washtenaw Coun­

ty 
Murray Lake (T2S, R7E, SlONW), Washtenaw County 

The 25 incidental sites (24 in Michigan and l in 
Ontario, Canada) were as follows : 

Northeast Marsh (TIS , R3E , S30NE), E. S . George 
Reserve., Livingston County 

Cressman Pond ( TlS, R3E, S30NE), E. S. George Re-
serve, Livingston County 

Roadside Ditch (T25S, R4E , SlOSW), Emmet County 
Joslin Lake (TIS, R3E , S3NE), Wa~htenaw County 
IAlck Lake (T2S, R3E, Sl2) , Jackson County 
Triangle Lake (T2S, R4E , S27) , Livingston County 
Huron River (T2S, R6E, Sl7SE), Washtenaw County 
Sugar Loaf Lake (1~S. R3E, S31NE), Washtenaw 

County · · 
Fleming Creek (T2S, R7E, SBSE), Washtensw County 
Woodland Pool (TIS, R3E, S29NW), Ylashtenaw County 
Mill Lake (T2S, R3E, S4NE), Washten.aw County 
Cedar Lake (T2S, R3E, S9SE), Washtenaw County 
Impoundment (TIS, H3E, S29SW), Washtenaw County 
Waffle's Pond (T4S, R7E, S33SE), Washtenaw County 
Honey Creek (TIS, R4E, S26N), Livingston County 
North Lake (TlS, R4E , Sl8NE), Washtenaw ·County 

•South Lake (TIS, R3E, SlOSW), Washtenaw County 
Baw Besse Lake (Tl2S, Rl6E, S33), Muskegon County 
Big Blue Lake (Tl2S, Rl6E, S28), Muskegon County 

•Roadside Ditch (T23S , R4E, S31S), Missaukee Coun-
ty . . . 

•Douglas Lake (T37S, R3E, S27), Cheboygan County 
Au Sable River (T26S, R3E, S7fl2), Crawford County 

· Frains Lake (T2S, R7E, . S9NE), Washtenaw County 
Pond (T2S, R4E, S25SE) , Livingston County 
Reef Channel , Detroit River (40°09'3~' ) Lat. N. , 

· 83007' 3~'Long. W), Ontario; .Canada . 

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

• Sampled twice 

Collectin~ 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 Otan­
nel, Detroit River) were they collected in 9 feet 

· of wa.ter· with . a clam dredge . 

Identification of Mollusks, Leeches, 
Chaetogaat.ers and Cercar ial Types 

The snails studied · were identified to species 
using available taxonomic keys (Berry 1943, Baker 
1928, Goodrich 1932, Walter and Burch 1957); the 
sphaeriid clams were identified with keys by Her­
rington ( 1962) and Burch ( 1972). The leeches were 
identified to species using Klemm (1972b) . Otae­
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) . 

Exa~~~lnation of Snails for Parasites and Sy111bionts 

Infestation of snails by leeches , parasite in­
fections with trematode larvae. and t·he presence of 
symbionts (chaetogasters and 'midges) were asse ssed 
by carefully examining the outer shell of the mol­
lusk; then the she 11 was crushed with forceps or 
probe and, after . removing broken pieces of she 11, 
the exposed animal was examined. Under a dissect­
ing microscope the anima 1 was care fully 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 cercaria! types were not counted 
but their , locat,ions and relative abundance were 
recorded. · · 

Meteorological, Che111ical, Physical, 
and 8iological Data 

At ·the 10 permanent stations only one chemical 
component, pH (Appendix II) of the water was mea s ­
ured. The physical methods involved a des cription 
of bottom composition , based on a bottom classifi­
cation system by Roelofs (1944). Water temperature 
was measured to the ne.arest degree with a centigrade 
thermometer. Biological data taken included the 
identification of the free -1 i ving inhabitants wh i ch 
were found along with the mollusks collec t ed at the 
10 permanent sites. 

l~unological Data 

The procedures used were a modified micro-Ouch ter­
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 ~tigens were produced in 2 virgin female 
rabbits by introducing intravenously into the exter-· 
nal ma.rginal vein of each rabbit's ear 2 consecutive 
aeries of 5 O!Je ml. injections of 'whole snail (the 
antigen) in increasing concentrations, given on al ­
ternate days. The injections ·consisted of the s u­
pernatant liquid obtained after cel).trifugation of 
the homogenized whole snail tissue. The series were 
spaced 1 month apart · and proceeded accordi11g to the 
following schedQle : 



Day Started 

1, 39 
3 , 41 
5, 43 
7 , 45 
9, 47 

We ight in mg. of tissue homogenized 
in 1 ~1 physiological sal ina 

15.00 
36.00 
7 5. 00 

150.00 
214 .00 

After 3, 5, and 10 days of the last InJections, 
50 m1 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 3o C for another 30 minutes to shrink 
the clot. 1he 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. 1he 
sera from the 2 tubes were · combined and simi 1 arly 
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 fa'stening 
a glass ring (21 'mm inside diameter and 10 rrm 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). 

1he gel . medium wa·s· prepared by combining SO gm 
of 2% deioniz-ed 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 400 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. 1he desired pattern of 4 wells was cut into 
the gel using a s.pecial cutting device devised by 
J. B. Burch in the Mo1lusk · Division, University of 
Michigan. lhe plate was ready for the immunodif­
fusion test. 

1he 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
Clpltln ·reactions between wells A and Band 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. 1his is because the antise·rum 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. Thua, one ca·n deter­
mine whe·ther or not the leeches in question had 
eaten · or fed on snails, especially H. trivolvis. 
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1he presence or absence of precipitin reactions 
between wells B and A were of prime interest in 
thi s study. The space be tween wells C and A served 
as control . 

1he 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. 1he fluid 
containing the antigen was the supernatant obtained 
from centrifuging whole snail tissue homogenized in 
4 . 0 ml physiological saline. 1he 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 I . Mollusks, leeches, chaetogasters, and 
trematode cercariae 1 i sted by hali i tats 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 . 

Table.s 2 through 11 give data gathered from 10 
permanent collect1ng sites. A variety of mollusks 
was collected from these habitats during 197 2 and 
1973. 

A total of 12 ; 027 mollusks was collected fran 
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, Lymnae·a colu111e lla, 
L. humilis, Stagnicola elodes, S. exilis, Planor­
bula armigera, Gyraulus parvus, G. hirsutus, and 
Promene tus exacuous), four species of operculate 
snails (Amnicola limosa, Cal!lpeloma deciswn, . Valva­
ta tricarinata, Viviparus malleatus), and two spe­
cies of sphaeriacean clams (Sphaerium. (M!'sculiua) 
lacustre and S. (M.) fabale) were examined . 

1hese 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 a-lso indicated. 1he total snsil-leech­
cercarial association and the total cercaria! types 
are given. 

1he presence of the aquatic oligochaet.e varied 
from specimen to specimen · and from pond to pond. 
Chaetogaster li111naei was as abundant on snails free 
of trematode parasites as those infected with tre­
matode larvae and those infested with leeches. The 
cercaria! types varied with the snails, the season 
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Mollusk Total 
Host moll-

usks 

Helisoma 
""ttTv'Olv is 885 

Physa 
gyrina 31 

Lymnaea 
.l:>!!!ill.!! 1 

Lymnaea 
columella 24 

Total 941 

Mollusk Total 
Hos t 11011-

us ks 

Helisoma 
trivo1vis 317 

Helisoma 
cam2anul -
~ 548 

ueliaoma 
anceps . 224 

~ 
.m:1!l! 38 

Lymnaea 
.l:>!!!ill.!! 2 

StaBnicola 
~ 7 

Planorbula 
armis;era 4 

Physa 
sayii 11 

Total 1,151 

Mollusk Total 
Host moll-

usks 

Helisoma 
trivolvis 485 

Lymnaea 
. .l:>!!!ill.!! 19 

!l:£!:aulus 
parvus 2 

Total 506 

Table 2. Snails examined f rom Bert Pond (TlS,R3F.,Sl9), E. S. George Reserve, 
Livingston Count y, Mi chigan, shows total snails, leeches, chaetogaster s , 
snail-leech-cercar i a! ass ocia tions and cercaria! types recovered . 

Total : Total Cercaria! Types 
Total snail- Infec ted 

Total chaeto- leech- with Diatomes 
leeches gasters cercaria! Trema- Amp hi- Cysto- Gymno- Echinostome Xiphidio-

assoc . codes stome cercous cej>hal ous cercariae cercariae 

523 831 17 50 1 0 9 31 14 

0 31 0 6 0 0 0 0 5 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

523 862 17 56 1 0 0 31 19 

Table 3. Snails examined from Crane Pond (TlS,R3E,Sl9), E. S. Geor ge ,Reserv·e, 
Livingston County, Mi chigan , s hows t otal s nails , l eeches, chae togasters, 
s nail-leech- cer c ar ial as soc iat ions and c ercarial type s r e cover e d. 

Total: Total Cercaria! Ty2es 
Total snail- Infec ted 

Total chaeto- leech- with Distollll!s 
leeches gasters cercarial Tre ma- Amphi - Cysto- Gymno- Echinos tome Xiphidio-

assoc. todes s tome cerc ous cephalous cercariae ce rcariae 

96 317 1 22 0 0 0 10 3 

122 548 2 99 1 0 0 49 32 

108 224 0 I 0 0 0 1 0 

5 38 0 3 1 0 0 2 0 

0 0 0 0 0 0 0 0 0 

0 4 0 2 0 0 0 1 0 

4 4 0 0 0 0 0 0 0 

0 11 0 0 0 0 0 0 0 

335 1,146 ) 127 2 0 0 61 37 

Table 4. Snails examined from Geor ge Pond (T1S,R)E, Sl9), E. S. Ge or ge Reserve, 
Liv i ngston Count y , Michi ga n , shows t otal ' snsils , leeches , c~aet ogast e rs, 

Snail-leech~ cercarial assoc i at ions and cercarial tyPes re covere d. · 

Total: Total Cercaria! Tvt>es 
Total snail- Infected 

Total chaeto- leech- with Dis tomes 
leeches gasters cercar i a! Trema- Amp hi- Cysto- Gymno- f:chinostome Xiphidio-

assoc. todes stome cercous cephalous cercar iae cercariae 

182 485 3 18 0 2 1 11 4 

I 
i 0 19 0 0 0 0 1 0 

I 0 2 0 1 1 0 0 0 0 

182 506 ) 20 1 2 1 12 . 4 

Strigea 
cercariae 

2 

0 

0 

0 

2 

Strigea 
cercar i ae 

5 

2 

0 

0 

0 

0 

0 

0 

7 

Strigea 
cercariae 

0 

0 

0 

0 

15 

Fur co-
cercariae 

2 

1 

0 

0 

3 

Furco-
cercariae 

4 

16 

0 

0 

0 

1 

0 

0 

21 

Furco-
cercariae 

0 

0 

0 

0 
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Table 5. Snails examined from a lake (T2S,R3E,SlNE) , Washtenaw County, Michigan, 
Shows total snails, leeches, chaetogas ters , snail-leech-cercarial 
ass~ciations and cercaria! types r ecovere d. 

Total: Total 
Total snail- Infected 

Mollusk Total Total chaeto- leech- with 
Host moll- leeches gasters cere a rial Trema- Amphi-

usks assoc . todes stome 
Heliaoma 
~is 649 104 638 2 41 0 

.!!ti!!.2!!!! 
campanu-
~ 59 14 59 0 2 0 

~ 
anceps 16 3 16 0 0 0 

Planorbula 
armisera 4 0 4 0 0 0 

Promenetus I 

~ 8 1 8 0 i 0 0 

Lvmnaea 
columella 7 0 0 0 0 0 

Lvmnaea 
.l!!:!!!i!!! 30 0 30 0 

I 
1 0 

Physa 
.m.!.!!.! 46 0 46 0 

I 

5 3 

Gyraulus 
parvua 15 0 15 0 0 0 

Amnicola 
limo sa 775 0 0 0 0 0 

Total 1,609 122 816 2 49 3 

of the year, and the ponds sa~led , and no mul­
tiple cercarial types were found. 

Mollusks fro~ Incidental Aquatic Habitats 

A composite of the 25 incidental sites sampled 
(Tabl e 12) throughout Michigan has the following 
distri bution of habitats : 12 lake!!, 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 ou~side the 10 permanent collection st'ations. 

Both the abundance and the diversity of mollusks 
varied somewhat among these different habitats. 
This study involved an examination of 18 pulmonates: 
H. t.rivolvis, H. ca111panulatum, H. anceps, P. gyri­
na, P . integra, P. parkeri, P. sayii, L. humilis, 
L. megaso111a, L. stagnalis, L. eaarginata, L. cata­
scopium, A. hypnorua, P. armigera, S. elodes, S. 
exilis, P . exacuous, G. deflectus; 5 operculates: 
C. decis u111, Pleurocera acutua, Goniobasis lives­
cens, Aanicola liaosa, Bythinia tentaculata; and l 
fingernail clam, S. siaile, 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. calllflanulatua, H~ anceps, S. exilis, 
and P . gyrina; they were found least on P. exacuous, 
G. parvus, P. integra, P. araigera, A. hypnorua, 

I 
I 
! 
I 
I 

I 

I 
I 

Cercarial Tvoes 

Dis tomes 
Cysto- Gymno Echinostome Xiphidio- Strigea Fur co-

cercous cephalous cercariae cercariae cercariae cercariae 

0 0 7 29 5 0 

0 0 0 2 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 1 0 0 

0 0 0 2 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 7 . 34 5 0 

S. elodes, L. megasoma, L. stagnalis, P . p~rkeri, 
and S . si111ile. None was found on the pulmonates: 
L. colu111ella, L . hu111ilis, P . sayii, G. hirsutus, 
L . catascopium; nor on the 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. Otaetogasters of the Chae­
togaster li111naei type were abundant on all mol­
lusks, except L . columella, A. limosa, V. trica­
rinata, P. parkeri, L. catascopium, and G. deflec­
tus . The cercaria! infections varied not only in 
terms of the species of mollusk but also from ha­
bitat to habitat. No mollusks had multiple cer­
caria! 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
rulll, ll. imceps, and P. gyrina had the leech-cerca­
ria! association; li. 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 II. Seasonal Variations a~ng Snails 
infested with Leeches fro~ nine Per-.nent 

Collecting Stations 

The seasonal variations (in percentages) 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. Mollueka examined from Four-Mile Lake (T2S1 R4E,S4SE), Waehtenaw County. 
Michigan, ahowa total molluaka, leechea, cnaetogaatere, enail-leech-cercarial 
aeeociatione, and cercarial typee recovered. 

Total: Total 
Total snail- Infected · 

Kolluek Total Total chaeto- leech- with 
Hoat 11011- leechea gaaters cercarial Treu- Allphi-

uaks assoc . todes StOlle 

s~lllnicola 

~ 35 0 33 0 0 0 

~ 
col!!mella 15 0 0 0 0 0 

Phyu 
.m.1n! 109 41 109 0 11 8 

lhi.!! 
in tear a 31 0 31 0 1 1 

Helil2!a 
ancepa 2 2 2 0 0 0 

Heliao!!!! 
trivo1via 398 109 390 0 .48 1 

Jleliaoma 
caarpanu-
1!!.!!!! 4 3 4 2 3 0 

Planorbula 
armiaera 11 0 11 0 0 0 

fromenetua 
exacuou• 18 1 18 0 0 0 

Gyrau1ue 
hireutua . 6 0 6 0 0 0 

Gyraulua 
parvue 75 3 75 ·0 1 1 

Valvata 
""tric'U-

inata 329 0 0 0 0 0 

ViViJ!UUI 
•aleetul 287 0 0 0 0 0 

CamP!loooa 
~ 96 ,' 0 96 0 2 i 

Aaonicola 
~ 367 0 0 0 0 0 

Clam: 

Sphaeriuaa 
(!!l!•cuU!.!!!> 
l1cuatre 120 0 25 0 3 0 

Sph!•rlu• 
(llle 51! liuaa) 
fa bale 140 ' 0 39 0 7 0 

Total ' 2,043 159 839 0 77 13 

roadside ditch. Each of theae atations provided 
leeches. A percentage figure for infestation was 
obtained aa follows: the nu.ber of snails infested 
divided by the nuaber of snails . ... pled, 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 atated·. · 

As shown (F.ipreal to 5), five species of SAails, .· 
S. exilis, H. trivolvis, P. exacuous, P. ar•igera, 
and A. hypnorUII, collecte!l fr011 a woodland pool 
were leech infested but only one leech .species, II. · 
Lucida, waa associated with the•. S. uilis and 

H. trivolvia were the 110a·t abundant snails inthe 

Cercarial Typea 

DbtOIM!I 
Cysto- G,_o- EchinoatOIH Xiphidio- Strigea Furco-

cercoua cephaloua cercariae cercariae cercariae c.ercariae 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 3 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 39 6 2 0 

0 0 . o 3 0 0 

0 0 ' 0 0 0 0 

0 0 0 0 0 0 

0 0 0 o · 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 1 0 0 

0 0 0 0 0 0 

3 0 0 0 0 0 

7 0 0 0 0 0 

10 0 39 13 2 0 

•oodland pool, followed by A. hypnoru111, P. exacuous, 
and P. ar•igera. 

The p_ool was fir~t sa~~pled in early a.pring of 
1972 and yielded very few S. exilis. The snail po­
pulation i ·ncreaae", and on June 10, 1972, it was 
i ·nfuted with leeches. In July when the snail po­
pulation increaaed in nu•ber and size, the percen­
tage of infestation with leeches also increased. 
H. trivolvis (Fi1. 2), P. uacuous (Fig. 3), P. ar­
•igera (Fig, 4), and A. hypnorU/11 (Fig. 5) all con­
tained leeches. In ·July of. 1972 the woodland pool 
be1aa· ~o 4ry up aad by Autuat all of the S. exilis 
collected were re110yed while aestivating in both 
decayiDI •d li•i .. Yeptaticm. These snails when 
collected had secreted an epiphrap and were able 
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Mollusk Total 
Host moll-

usks 

.l!ti!!!!!!!.! 
campanu-
latum 201 

Planorbula 
armigera 140 

Heliaoma 
trivolvis 35 

~ 
ancepa 6 

Fhyaa 
integra 30 

Lymnaea 
columella 5 

Promenetua 
~ 3 

Stasnicola 
~ 2 

Amnicola 
limou 201 

Total 623 

Mollusk Total 
Host IIOll-

usks 

Stasnicolo 
!!ill! 677 

Heliooma 
~il 48 

Aplexa 
hypnorum 82 

Plonorbula 
armigera 15 

Promenetuo 
exac:uou1 19 

!ivrlull!l 
parvuo 5 

Total 846 
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Table 7. S.ndle examined .from Murray Lake (T2S,R7E, SlONW), Waahtenaw County, 
Michigan, showa total snails, leeches, chaetogasters, snail-leech-cercaria! 
aasociations and cercaria! types recovered . 

Total: Total Cercaria! TYPes 
Total snail- Infected 

Total chaeta- leech- with Piatomea 
leeches gaaters cer<>arial Trema- Amp hi- Cysto- G}'llllo- Echinostome Xiphidio- !\trigea 

asaoc . todes a tome cercous cephalous cercariae cercariae cercariae 

24 198 0 21 1 0 0 3 17 0 

1 45 0 0 0 0 0 0 0 0 

1 35 0 0 0 0 0 0 0 0 

0 6 0 0 0 0 0 0 0 0 

2 30 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 b 0 0 0 

0 3 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 . 

0 0 0 0 0 0 0 0 0 0 

28 317 0 21 1 0 0 3 17 0 

Table 8. Snails examined from a woodland pool (T2S,R3E,S9SW), Washtenaw County, 
Michigan, shows total snails, leeches , chaetogasters, onail-leech-cercarial 
associations, and cercaria! types recovered. 

Total: Total Cercaria! Types 
Total snail- Infected 

Total chaeta- leech- with Pia tome a 
leechee gastera cercaria! Treaa- Amp hi- Cysto- G}'llllo- Echinostolle Xiphidio- Striges 

assoc. todea &tome cercous cephalous cercariae cercariae cercariae 

321 0 13 79 10 0 0 62 3 4 

60 0 0 0 0 0 0 0 0 0 

7 0 1 3 0 1 0 1 0 0 

. 
4 0 0 0 0 0 0 0 0 0 

.I 2 0 9 1 0 0 0 1 0 0 

0 0 0 0 , 0 0 0 0 0 0 

394 0 14 83 10 1 0 64 3 4 

Fur co-
cercariae 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fur co-
cercariae 

0 

0 

1 

0 

0 

0 

1 
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Table 9. Snails examined from a wOodland pool (T2S,R5E,S28SE), Waehtenaw Count y, 
Michigan, ehowe total enailo, leeehu, chaetog81tero, anail-leech-C:ercarial 
association•, and cercarial type1 recovered . 

Total: Total Cercaria! Types 
Total ana11- Infected 

Mollusk Total Total chaeto- leech- with Dista.ea 
Host moll- leechel gaaters cercaria! Trema- Allphi- Cyato- G}'llllo- !chinos tome Xiphidio Strigea Furco-

usks assoc.; todes ata.e cercoua ceohaloua cercariae cercariae cercar i ae cercariae 

Stasnicola 
!12.!!!.!. 408 0 0 0 ftO 0 0 8 10 20 2 0 

Phyu 
.8lti!!! 157 0 0 0 59 13 0 0 12 28 5 1 

Aplexa 
hypnorum 375 1 0 0 47 0 0 0 0 5 0 42 

Proatenetus 

~ 268 0 0 0 56 12 0 · o 8 3 0 33 

Total 1,208 1 0 0 202 25 0 8 30 56 7 76 

Table 10. Snail• examined from Fleming Creek (T2S,R6E,S25SE), Washtenaw County, 
Michigan, 1how1 total anaila, leechea, chaetogaatera, snail-leeeh-cercarial 
association• and eerearial t~• recovered. 

Total : Total Cercaria! Typea 
Total snail- Infected 

Total chaeto- leech- with Distomea Mollusk Total 
Host moll- leeches gasters cercaria! Treu- Aaphi- ' Macro- <;ywmo- Echin.oetome Xiphidio- Str i gea Fur co-

cercariae uaka aasoc. todea atOM ·cercoua ceohaloua cercariae cercariae cercariae 

Heliooma 
trTvOlv'il 361 190 361 0 85 4 9 0 7 53 8 0 

~ 
ancep• 507 162 507 6 75 0 1 0 2 67 5 0 

Stasnicola 
elodea 266 0 266 0 242 2 0 0 51 182 7 0 

Phyu 
.8lti!!! 278 25 278 0 . 54 0 0 0 24 26 4 0 

Total 1,412 377 1,412 6 456 6 10 0 84 328 24 0 

Table 11. Sno1l1 examined from a roadlide ditch (TlS,R3E,Sl9SE), Washtenaw County, 
Michigan, ehowe total 1naill, leechel, ch .. togaotero, andl-leech-cercar 1a 1 
aoeoeiationa and eerearia1 type• recovered, 

Total: Total 
Total aaa11- Infected 

Molluak Total To.tal chaeta- leech- '!ith 
Hoat 11011- leechea aaattira cercaria! Treu- Allphi-

uaka aaaoc. todea atOM 

He111ou 
trivo1via 658 333 0 ·2 57 4 

Staanicoh 
elodea 426 40 0 0 56 0 

Ph xu 
m.!!l! 604 157 0 2 67 ., 50 

! 

Total 1,688 530 0 4 180 i 54 

to attach ·the•el Yea to Yario11a aubatratea in the 
woodland pool. Slella of the other anaih, aa well 
aa S. u i Z is, apparently had fallen fr011 their place 
of attachment and were e~ty. 'Cbe ahella with . de­
caying snail tiasuea were fed on by •-11 ground 
beetlea, tabanid fliea, and aci~aid fliea. 

About 50 S. e-J:i Z is were not ex•ined for leechea 
at that time but were le·ft in a plaatic bucket. Aa 
condi tiona of the water changed in the buc·ket, the 
snails began to crawl up tlie sidea of the bucket 
where they secreted an epiphrap to attach the•­
aelvea to the aides of the bucket. The anaila were 

Cercaria! TYPes 

Diatomes 
Macro- Gywmo- EchinoatOIII! Xiphidio- Strigea Fur co-

cercoua cephalous cercariae cercariae cercariae cercariae 

5 0 21 25 0 . 2 

'0· 0 21 15 11 9 

0 0 2 13 1 1 

5 0 44 53 12 12 

aot ·di11turbed fro• August to December when several 
apeci .. na were exa.ined; surprisingly, they were 
atill aliYe. SeYeral, in fact, were infested with 
leechea and ••e infected with trematode larvae. 
Thoae anaila that had fallen to the bottom of the 
e..,ty bucket had died. 

· . Althoup the woodland pool was sampled each month , 
n.o ailaila were fGUDd free September, 1972 to the 
apriag of 1973. · later first again appeared i~ the 
pool .fr011 raiaa ia late Septe.ber, 1972; it remained 
a .pool o•er wiater 197 2 aad apring and summer 1973. 
It did .not dry up in 1973. In March 1973 S. eJ:ilis 
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Mollusk Total 
Host moll-

usks 
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Table 12. Mollusks examined from various aquatic habitats throughout Michigan, shows 
. total mollusks, leeches, chaetogasters, snail-leech-cercaria! asaociations, 
and cercar.ial types recovered. 

Total : Total Cercaria! Tvoes 
Total snail- Infected 

Total chaeta- leech- with Dis tomes 
leeches gasters cercaria! Trema- Amphi- Macro~ l Gymno- ,I Echinostome l Xiphidio~ l Strigea ,j Furco-

assoc . todes stome cercous cenhalous cercariae cercariae cercariae cercariae 

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

Helisoma 
trivolvis 

Planorbula 
armigera 

Sphaerium 
.!l!!!lli. 

Total 

25 

12 

39 

0 25 0 

0 0 

0 0 0 

0 27 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

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

Heliaoma 
~is 

.!!!ll!2!!.! 
campanu-
~ 

Phyu 
.&Yti!!! 

Planorbula 
armigera 

L)'mnaea 
.!ll!!!!.lli!. 

Total 

Mollusk 

57 

20 

6 

12 

100 

Total 

28 

0 18 0 

0 0 0 

0 5 0 

0 8 0 

59 

Total: 
Total snail-

Total chaeto- leech-

22 3 4 0 0 15 

5 0 0 . 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

28 3 4 0 0 20 

Total Cercaria! Types 
Infected 
with Dis tomes 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 

Host moll- leeches gaster a cercaria! Trema- Amphi- Macro~~ Gymno- ,jEchinostome,Xiphidio-TStrigea ~~Furco-
usks assoc. todes stou cercous cephalous cercariae cercariae cercariae cercariae 

Roads ide Ditch (T35S, R4E,S lOSW), Alanson .• Emmet County, Michig~n, April 18, 1973 

Lvmnaea 
Stagnalio 

Lymnaea 
cataacop-
1!!!!!.... 

Total 

101 

106 

207 

0 101 

0 106 

0 207 

0 0 0 0 

0 0 0 0 0 

0 0 0 0 

Joslin Lake (TlS,R3E,S3NE), Washten~ County. Michigan, June 12, 1972 

Helisoma 
trivolvia 

Planorbula 
armigera 

Gyrauluo 
deflectus 

Amnicola 
.!!.!!!2!! 

Total 

24 

9 

15 

40 

88 

0 24 

0 0 

0 0 

0 0 

0 24 

0 3 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 3 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 2 

0 0 0 

0 0 

0 0 0 

0 6 0 

0 0 0 

0 0 0 

0 0 0 
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Total: Total Cercarial Types 
Total snail- Infected 

Mollusk Total Total chaeta- leech- with Dis tomes 
Hos t moll- leeches gasters cercarial Trema- Amphi- Cysto~l, Gymno- JEchinostomelXiphidio-,j;trigea .IFurco-

usks assoc. todes stome cercous cephalous cercariae cercariae cercariae cercariae 

Duck Lake (T2S,R3E,Sl2), Jackson County, Michigan, June 12, 1972 

Stagnicola 
mlli 

Physa 
.svll!2.! 

Physa 
integra 

Planorbula 
armigera 

Promenetus 
exac:uous 

Amnicola 
.l!.!!!2ll 

Goniobaais 
livescens 

Total 

51 

0 

22 0 

5 

4 0 

35 0 

so 0 

172 4 

0 0 6 0 

0 0 0 0 0 

3 0 0 0 0 

0 0 0 0 

0 0 

0 0 0 0 0 

0 0 0 0 0 

11 0 8 0 

0 

0 

0 

0 

0 

0 

0 

0 

Triangle Lake (T2S,R4E,S27), Livingston County, Michigan, June 3, 1972 

Campeloma 
~ 248 0 0 0 0 0 0 

Huron River (T2S,R6E,Sl7SE), Washtenaw County, Michigan, June 23, 1972 

102 0 51 0 0 0 0 

Sugar Loaf Lake (T2S,R3E,S31NE), Washtenaw County, Michigan, July 18, 1972 

Helisoma 
trivolvis 28 0 20 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total: Total Cercarial Types 
Total snail- Infected 

Mollusk Total Total chaeta- leech- with Dis tomes 

2 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 

0 0 

0 0 

0 0 

Host moll- leeches gasters cercaria! Trema- Amp hi- Cysto-~ Gymno- ,I Echinostomel Xiphidio~ IStrigea 'I :urco-
usks assoc. todes stome cercous ceohalous cercariae cercariae cercariae cercariae 

Fleming Creek (T2S,R7E,S8SE), Washtenaw County, Michigan , April 10, 1972 

Sphaerium 
.!!.!!!.!k 48 16 0 0 4 0 4 0 0 0 

Reef Channel, Detroit River (40°09 '30" Lat.N,, 83°07 '30" Long. W, ), Ontario, Canada, May 10, 1973 

Bythinia 
tentacu-
.!!ll 45 0 0 0 0 0 0 0 

Woodland Pool (TlS,R3E,S29NW), Washtenaw County, Michigan, July 20, 1972 

Stagnicola 
mlli 30 0 0 0 0 0 

Impoundment (TlS,R3E,S29SW}, Washtenaw County, Michigan, July 17, 1972 

Helisoma 
trivolvis 

Helisoma 
campanula-

~ 

Physa 
.svll!2.! 

Promenetus 
exacuous 

Total 

9 

3 

15 

9 

0 

0 0 

0 

2 12 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

21 
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Total: Total Cercarial Types 
Total · snail- Infected 

Mollusk Total Total chaeta- leech- with Dis tomes 
Host moll- leeches gasters cercarial Trema- Amp hi- Cysto-,, Gymno ,jE<:hinostome,~iphidio~~~trigea ,j:urco 

usks assoc. todes stome cercous cephalous cercariae cercariae cercariae cercariae 

Ceda~ Lake (T2S,R3E,S9SE), Washtenaw County, Michigan, July 17, 1972 

Helisoma 
~is 6 0 6 0 0 0 0 0 

Mill Lake (T2S,R3E,S4NE), Washtenaw County, Michigan, July 17, 1972 

Helisoma 
~is 
Helisoma 
~la­
~ 

Total 

9 

15 

6 0 

9 0 

15 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

South Lake (TlS,R3E,SlOSW), Washtenaw County , Michigan, June 12, 1972 

Physa 
..m:i!!! 

Helisoma 
trivolvis 

Promenetus 
~ 

Campeloma 
~ 

Total 

16 

18 

16 

5 

40 

95 

0 16 

0 18 

0 16 

0 

0 0 

0 55 

0 0 0 0 0 

0 0 0 0 

0 0 . 0 0 

0 0 0 

0 0 0 0 0 

0 9 0 0 

0 

0 

0 

0 

0 

0 

0 

0. 

0 

0 

Total: Total Cercarial Types 
Total snail- Infected 

Mollusk Total Total chaeta- leech- with Dis tomes 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 6 

0 

0 0 

0 0 0 

0 

Host moll- leeches gasters cercaria! Trema- Amphi- Cysto-1, Gymno- 'I Echinostome I Xiphidio-~~triges , j :urco 
usks assoc . todes stome cercous cephalous cercariae cerCariae cercariae cercariae 

Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan, June 5, 1972 

Physa 
..m:i!!! 

Physa 
.!.!Xll 

Aplexa 
hypnorum 

Helisoma 
trivolvis 

Planorbula 
armigera 

Stagnicola 

5 

8 

37 

81 

~ 68 

Total 201 

0 0 

0 0 

0 

3 0 

0 

0 0 

5 0 

0 

0 

0 

0 

.0 

0 

0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

6 0 0 0 

North Lake (TlS,R4E,Sl8NE), Washtenaw County, Michigan, July 20, 1972 

Helisoma 
trivolvis 

Physa 
..m:i!!! 

Planorbula 
armisera 

Promenetus 
exacuoua 

Campeloma 
~ 

.Sphaerfum 

10 

21 

35 

60 

.!!!!lli 31 

Total 162 

0 

0 

0 

0 

0 

0 

0 

5 

0 

15 

12 

0 

0 

32 

0 0 0 0 0 

0 4 3 0 0 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 

0 2 o· 0 

0 8 3 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 3 

0 0 

0 0 

0 

3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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Total : Total Cercarial Tvoes 
Total snail- Infected 

Mollusk Total Total chaeto- leech- with 'bistt>mes 
Host moll- leeches gasters cercaria! Trema- Amp hi- Cysto~~ G}'Wio- ,jEchinostome,Xiphidi<>-;jStrigea ,lFurco-usks assoc. todes s tome cercous cepbalous ~ercariae cercariae cercariae cercariae 

Hone 

Pleurocera 

.!£&! 
Goniobasis 

livescens 

Total 

250 

368 

0 0 

0 0 

0 
0 

0 

0 

South Lake TlS R3E SlOSW Washtenaw Count 

Helisoma 
trivo lvis 

Total 

18 

2 0 

20 2 

18 0 0 

0 0 

20 0 0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

ust 19 1972 

0 
0 

0 

0 

20 l!J72 

0 

0 

0 

Baw Besse Lake (Tl2S,Rl6E,S33), Muskegon Count y, Michigan, July 8 , 1972 
Helisoma 
trivolvis 6 0 

~ 
campanu-
.1&!!!!!. 5 2 

Total 11 

0 0 0 

0 0 

0 0 

0 

0 

0 

0 

0 

0 

Big Blue Lake (Tl2S ,Rl6E ,S 28), Muskegon Count y, Mich i gan, July 15, 1972 
Lymnaea 

stagnalis 50 0 0 0 0 0 0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Roadside Ditch (T23S,R4E,S 31S), Miss aukee County, Michigan, August 10, 1972 
Helisoma 
trivolvis 

Lymnaea 
mega soma 

Total 

Mollusk 

36 30 

25 

61 32 

Total · Total 

0 6 

0 0 

0 6 

Total : 
Total snail-

chaeto- lee cit-

11 0 0 0 4 

0 0 0 0 

12 0 0 0 4 

Total Cercarial Tvoes . 
Infected 
with Distoaes· 

2 
2 

4 

0 

0 

0 

0 

0 

0 

0 

8 

0 
0 

0 

0 

0 

0 

0 

· o 

0 

0 

0 

0 

0 

0 

0 
0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

Host moll- leeches gasters cercarial Trema- Amphi- Cysto-~ Gyinno- ,jEchinost.omejXiphidio-~~trigea l:urco-
usks assoc. todes stome cercous cephsloutl cercariae cercariae cercariae cercariae 

Roadside Ditch (T23S,R5E ,S 31S), Missaukee County, Michigan, April _ 18, 197~ 

Lymnaea 
megasoma 

Physa. 
.8.Y.tl!!! 

Helisoma 
anceps 

Helisoma 
trivolvis 

Total 

39 3 

6 0 

8 

46 53 

99 58 

39 0 0 0 0 

0 0 0 0 

8 0 0 0 0 ·0 

46 18 0 0 0 

99 21 0 0 

Au Sable River (T26S , R3E,S7SW), Crawford County, Michigan, August . 2, 1972 · 

Lymnaea 
stagnalis 25 0 0 0 0 0 

Frains Lake (T2S,R7E, S9NE ), ·Washtenaw County , Mich igan, June 2, 1973 

40 0 0 0 0 0 0 

· ·Pond (T2S,R4E,S3SSE), Livingston County, Michigan, June 27, 1972 

Helisoma ' 
trivolvis .16 0 0 0 0 

0 · 

0 

0 0 0 

0 0 0 

0 0 0 0 

15 0 0 
-,-

3 18 0 0 

0 0 0 

0 0 0 0 

0 0 0 

23 
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Total: Total Cercarial Tvpes 
Total snail- Infected 

Mollusk Total Total chaeto- leech- with Dis tomes 
Host moll- leeches gasters cercarial Trema- Amp hi- Cysto-,, Gymno-

1 

IEchinostome,Xiphidio-,j ~trigea 'j;urco-
usks assoc. todes stome cercous cephalous cercariae cercariae cercariae cercariae 

Doug las Lake (T37S, R3E,S27) I Cheboygan County, Michigan, July 5, 1972 

Lymnaea 
emargin-

.!ll 4 0 0 0 0 0 0 0 0 0 

Lvmnaea 

~ 15 0 0 0 0 0 0 0 0 0 0 0 

Physa 
parkeri 19 12 0 0 0 0 0 0 0 

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

~ 
campanu-
~ 2 0 0 0 0 0 0 0 0 0 0 0 

Amnicola 

.lli2ll 52 0 0 0 0 0 0 0 0 0 0 0 

Goniobasis 
livescens 47 0 0 0 0 0 0 0 0 0 0 0 

Tot al 144 12 0 0 6 0 0 2 0 3 0 

Douglas Lake (T34S I R3E. S27) I Cheboygan County, Michigan, November 5. 1972 

Physa 
parkeri 12 0 0 0 0 

Helisoma 
~is 5 0 0 0 0 0 

Total 17 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 eye le was synchronized with the 
snai l 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 fou nd to be free living or attached to various 
substra tes in the woodland pool. 

From two 1 ake habitats (Figures 6 to 11) data are 
recorde d on six species of snails infested with 
leeches. The first lake at T2S ; R4E, SlNW (Figures 
6 to 9) yielded four species of snails infested 
with leeches: H. trivolvis, H .. ca11panulatum, H. an­
ceps, and P. exacuous . Of these four species H. 
campanulatum and P, exacuous harbored . the leech H. 
fu s ca; H. anceps was infested with H. papillata, 
and If . trivolvis was host to several species of 
l eeches. The most abundant snail in this lake was 
H. trivo lvis, followed by H. campanulatum, H. an­
ceps, and P. exucu'ous. 'The lake was first sampled 
in August of 1971 when 104 H. trivolvi·s were col­
lected and examined for leeches;., 29 or 27.8% were 
infes ted. This lake was not sampled again until 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

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. hom May to Se ptember the population of 
H. trivolvi s 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 l:kcember to Fe­
bruary, but this failure to find them does not mean 
they were not there. In H. campanulatum the first 
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 to determine whether leeches were in these 
populations throughout the year . 

The second lake, Four-Mile La.ke (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
r ina 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 H. 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 (T25. RJE. 59511). ilashtenaw County 
Michigan . The percentage of 5tagnicola !!.ill! infested 
wi1h Marvinm~eria Iucida. Numbers in parentheses 
indicate total snails collected . 
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Figure 2. Woodland Pool (T25, RJE. S9S.W). Waslltenaw County, 
Michigan. The percentage of Helisomo trivolvis 
infested with llorvinmoyoria Iucido. Numbers in 
porentheses i~dicate toili'Snails collected. 
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Figwte ] . •.cwttand Pool (J2S. IIIJE . S9SW I. Washlenaw Counl~ 
Michipn the petcenlage of Promene~ I!_XICUOr.rS infest&d 
••tt• ~U.f.IJ h~t:J.B . Numbers m parentheses 
.ndrcate 'o~~l snltls colttcted. 
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Figure 4. Woodland Pool tT2S. Rl£. S9Sill Washtenaw County . 
·llichipn . The potcltl1age of Planorbula armigera 
infested wrth· MotvrMioVerio Iucida . Numbers in 
porenthoses indicate total snails collected . 

Ft..,, 5. 

(12) 

loodl-.,1 '-'1 (T21. '113E, 5151), leshtenew County. 
llidll.-. Tile ~·• of Al!lu. I!!~ 
1111•114 wi• . .llloiaBY.Ili.t !JW.U. Nllftlbera on 
Pl••.,_n ili4icato 10181 eneile collected. 
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Figure 6. lake ~T2S. R4£. S1NW). Wuhtenlw County , Michig.~n . 
The percentage of Heli som1 trivolvis infested wilh 
leeches. Numbers in parendleses indicate total 
snails collected. 
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Figure 7. lake (T2S. R4£: S1NWI. Washlenaw 'County, Michigan . 
The percentage of .la!J.Ii!!!!. ~~laniilltum infested 
woth Helobdella l!!m- Numbers in parentheses 
indicate total snails collected. 
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Figure B. Lake ~T2S, R4£. S1NW), Washtenaw County, Michig.~n . 
The percentlge of Heli- !!lS!I!.l infested widl 
Helobdella P.!!l!illlta . Numbers in perentheaes 
indicate total snails collected. 

1.• 

Q ... .. 
"' ... ... 
! 
~ 
~ z 
"' ... 
0 ... 
0 
c .. 
z ... 
v .. ... ... 

Q ... .. . 
"' ... ... 
! 
~ 
~ 
z 
"' ... 
0 ... 
0 
c .. 
z ... 
v 
: .... 

Q ... .. 
::: ... 
! 
"' .... 
~ 
z 
"' ... 
0 ... 
0 
c .. 
~ .... 
v .. ... ... 

50 

40 

30 

20 

10 

Ot-._ 
A M 

40 

30 

(10 ) 
20 

(20) 

10 

STERK I AliA 110. 58, JUliE 1975 

(2) 

(5 ) ~1 ) 

T T 
A 0 N o I J M A M J A 

1972 197 3 

Figure 9. lake (T2S, R4E, S1NW). Washtenaw County , Michig1n. 
The pMcentage of Promenetus ~ infested widl 

Helobdella !l!ll!. Numbers in parentheses indicate 
total snails collected. 

1972 1973 

5 

Figure 10. Four · Mile lake (T2S. R3E. S4SE) . Washtenaw County. 
Michigan . The percentage of fhYH gv.rina infested 
with ~ P.!P.illatl. Numbers in parentheses 
indicate total snails collected. 

Figure 11 . Four . Mile Lake (T2S, 113E. S4SE). W11htenaw County. 
Michigan. The percenllge of 1:1J.1.iJ11H llinl!il. 
infuted with leechu. N.......,a in perenthe­
indicate 10111 snails collec:"ted. 

(30) 
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Figure 12. Bert Pond (T15. R3E. 519), E.5. George Reserve, 
livingston County , Michigan. The percentage of 
~ ~ infested with leeches. 
Numbers in parentheses indicate total snails 
collected. 
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Figure 13. George Pond (T15, R3E, 519), E.5. George Reserve, 
livingston County . Mjcbigan. The percentage of 
~ trivolv i s infested with leeches. Numbers 
in parenthes~s indicate total snails collected . 
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Figure 14. Crane Pond (T15, R3E, 519). E.5. 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 15. Crane Pond (T15, RJE, 519), E.S. George lleoerve, 
livingston County, Michigan. The percentage of 
Heli,_o anc~J! infested with leeches. N....,s 
in parentheses indicate total snoils c'OIIected. 
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Figure 16. Crane Pond (TlS, RJE, 519) . E.S. George Reserve. 
livingston County , Michigan. The percentage of 
Helisoma ~P.anulatum infested with leeches. 
Numbers in parentheses indicate total snails collected. 
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Figure 17. Crane Pond (T15,113E, 519). E.S. George Rasei'Ve, 
livingaton County, Michipn. Tile perc•tege of 
~ lllli9ld infested with 1-.ctoes . . 
Nu.,.rs in par.,theses indicate total snarls 
collected. 
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Figure 18. Crane Pond IllS, R3E, 511). E.S: Geoige Reseive: 
livingston County, Michigan. The percentege of fllr.ll 
g't!inl infested with INches. Numbers in par•theses 
indicate total snails collected. 

Q ... .... 
::: ... 
! 
~ 
~ 
z 
"' ... 
0 

0 ... .... 
"' ... ... 
! 
~ 
~ 
z 
"' ... 
0 ... 
() 
..: .... 
z ... 
v 
"' ... 
IL 

0 ... .... 
"' ... ... z 
~ 
~ 
z 
"' ... 
0 ... 
() 
..: .... 
z ... 
v 
"' ... 
IL 

80 

10 

(15) 

(11) 

STERICIAIIA 110. 58, JUliE 1975 

(11) 

(30) 

M A M J 

1973 

A S 

Figure 19. Fleming Creek (TZS. R6E, S25SE) . Washtenaw County , 
Michigan. The percentage of Hel isoma ~ 
infested with leeches. Numbers in parentheses 
indicate total snails collected . 
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Fl..,ing Creek (T2S. R6E. S25SE). Washtenaw County, 
Michipn. Tha perc•tage of .liJ.!i!2!!!!. !!l&!l!!. 
infested with INches. Numbers in parentheses 
indicate total snaila collected. 
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Figure 21 . Fl101in1 Creek (T2$, •E. S25SE). Washtenaw County, 
Michigan. The percentage of fhy.u gy.rinJ infested 
with H!!.l!I!HI!! ~!!Rill!!!.· Numbers in parentheses 
indicate total snoils collected. 
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Figure 22 . Roadside ditch (T1S, R3E, S19SE) . Washtenaw County , 
Mi chigan . The percentage of Holisoma trivolvis 
infested wi th leeches. Numbers in parentheses 
indicate total snails collected. 

1972 

Figure 23. Roadside ditch (T1S, R3E, S19SE), Washtenaw County 
· Michigan. Tho percentage of ~!llliJ:gjJ .llwlu. 

infested with~ J11Ri.11111. Numbers in 
parentheses indicate to tal snails collected. 

bee. There was a decline in October. The pattern 
of infestation in H. trivolvis was similar toP .. 
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. ca~~panulatum, 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 (Fi~re 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 snail s 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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Roadsi de di tch (T1S, R3E. S19SE}. llashtenaw County, 
Michigan. The percentage of ~YJ.! gyrina infested 
with leeches. Numbers in parentheses ·indicate 
tota l snails collected . 

A M J J A S 

1973 

Figure 25 . Murray Lake (T2S, R7E, S10NW). llashtenaw County , 
Michigan. The percentage of !!!!iJ2m! ~ 
!!!!!!. infested with .!:!J!.2IIsll!! ma, Nutnbers 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 this pond 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 inH. 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 ye·ars ·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 Soecies of leeches recovered 

Mollusk mollusks Helobdella Helobdella Helobdella GlosSiJ2honia GlossiJ2honia Marvin-

Host infested fusca lineata EaJ2illata comJ2lanata heteroclita meyeria 

Stagnicola 
exilis (1) 194 0 0 

(2) 0 0 
(3) 0 0 
(4) - _Q_ _Q_ 

Total 194 0 0 

Helisoma 
trivolvis (1) 34 0 0 

(2) 0 0 
(3) 0 0 
(4) -- _Q _Q_ 

Total 34 0 0 

Aplexa 
h;tpnorum (1) 5 0 0 

(2) - _Q_ _Q_ 

Total 5 0 0 

Promenetus 
exacuous (2) 2 0 0 

Planorbula 
armigera (2) 2 0 0 

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

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
latulll were infested during the sunmer 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. ar111igera 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 snai 1s 
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 iniested 
in varying ~egrees 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. tr ivo lv is was in-

0 0 0 
0 0 0 
0 0 0 
0 0 0 -
0 0 0 

0 0 0 
0 0 0 
0 0 0 

_Q_ _Q_ _Q_ 

0 0 0 

0 0 0 
_Q_ _Q_ _Q_ 

0 0 0 

0 0 0 

0 0 0 

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

lucida 

5 
268 

42 
6 

321 

1 
2 
4 

.21 
60 

3 
...L 

7 

2 

4 

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. e lodes . The first samples were taken in 
March , 1972, and only H. trivolvis and P. gyrina 
were found infested with leeches . S . e lodes 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 an increase in 
leech infestation . S. e lodes 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 Soecies of leeches recovered 
Mollusk mollusks He lobdella Helobdella Helobdella GlossiEhonia GlossiEhonia Marvin-

Host infested fusca lineata ESE illata comElanata heterocli ta meyeria 
lucida 

AElexa 
hyEnorum (2) 1 0 0 0 0 0 1 

Table 15. Mollusk infestations from George Pond (TlS, R3E, Sl9), E. S. George Reserve, 
Livingston County, Michigan 

Number of Soecies of leeches. recovered 
Mollusk mollusks He lobde lla He lobdella He lobde lla GlossiEhonia GlossiEhonia Marvin-

Host infested fuse a 

Helisoma 
tr.ivolvis (l) 152 7 

(2) 46 
(3) 74 
( 4) -- 5 

Total 152 132 

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

~ 

2 
17 
16 

....!2. 
50 

1n June . All three species showed an increase in 
August, but only S . elodes and P. gyrina s howed an 
increase for September . All th r ee s pecies of snails 
illustrated a seasonal similarity of infesta tions 
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 infes ta ti on 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 t he 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 seasona 1 similarities of the other lakes and 
ponds studied . 

Ill, 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 

EaEi llata comElanata heteroclita meyeria 
lucida 

0 0 0 0 
0 0 0 0 
0 0 0 0 

....Q_ ....Q_ ....Q_ ....Q_ 

0 0 0 0 

its shell (Tables 13-23). These data were given 
for 14 species of pulmonate snails and one species 
of sphaeriid clam . Tables 13 through 22 tabulate 
the data for the ten permanent stati ons 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. exi!is , H. trivolvi s, A . hypnorum, 
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, 1M. lucida 
was in the mantle cavity, 2 under the mantle 4 a­
bove the mantle, and 53 in the kidney. The 5 A . 
hypnorum were infested with 3 M. lucida from the 
mantle cavity and 4 under the mantle. P. exacuous 
had 2M. Lucida under the mantle; P . armigera had 
(Table 14) had 1 A . hypnorum with 1M. lucid.a in 
its mantle cavity. 

In George Pond (Table lS)H . trivolvis snails were 
parasitized by two leeches , .. H. fusca and H. linea ­
ta . The 152 H. trivolv i s 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 (TlS,R3E,Sl9), E. S. George Rese~ve, 
Livingston County, Michigan 

Number of Species of leeches recovered 
Mollusk mollusks Helobdella Helobdella Helobdella GlossiEhonia GlossiEhonia 

Host 

Helisoma 
trivolvis (1} 

(2) 
(3) 
(4) 

Total 

Helisoma 
anceEs (1) 

(2) 
(3) 
(4) 

Total 

He lisoma 
cam2anulatum (1) 

(2) 
(3) 
(4) 

Total 

Planorbula 
armisera (3) 

Physa 
syrina (2) 

(3) 

Total 

Location in host: 
(1) mantle cavity 

i'nfe·sted fusca 

90 5 
57 
23 

- _7 

90 92 

80 0 
1 
0 

- .....Q_ 

80 1 

115 4 
90 

7 

-- _3 

115 104 

2 ) 

3 1 

- _3_ 

3 4 

(2) under mantle (digestive gland and aorta) 

lineata 

0 
0 
0 

_Q_ 

0 

0 
0 
0 

.....Q_ 

0 

0 
0 
1 

_Q_ 

1 

0 

0 
_1_ 

1 

EBEillata comElanata heteroclita 

1 0 0 
0 0 0 
3 0 0 

.....Q_ .....Q_ .....Q_ 

4 0 0 

7 0 0 
83 0 0 
14 0 0 

_3 .....Q_ _Q_ 

107 0 0 

1 0 0 
0 0 0 

10 0 0 
__!:_ .....Q_ _Q_:_ 

15 0 o· 

0 0 0 

0 0 0 
.....Q_ .....Q_ _Q_ 

0 0 0 

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

Table 16. Mollusk infestations from Bert Pond (TlS,R3E,Sl9), E. S. George Re serve , 
Livingston County, Mi chigan 

Number of 
Mo llusk mollusks Helobdella Helobdella 

Host infested fuses lineata 

He lisoma 
trivolvis (1) 328 1.9 

( 2) 52 
(3) 195 
(4) -- .J..U 

Total 328 379 

Location in host : 
(1) mantle cavity 
(2) under mantle (digestive gland and aorta) 
(3) above mantle (between she 11 and mantle} 
(4) in kidney 

5 
10 

109 
__lQ 

144 

Species of leeches recovered 
Helobdella GlossiEhonia GlossiEhonia 
EBEillata comElanata heteroclita . 

0 0 0 
0 0 0 
0 0 0 

.....Q_ _Q_ _Q_ 
0 0 0 

Marvin-
meyer is 

lucida 

0 
0 
0 

.....Q_ 

0 

0 
0 
0 

_Q_ 

0 

0 
0 
0 

_Q_ 

0 

1 

0 
.....Q_ 

0 

Marvin-
meyeria 
lucid a 

0 
0 
0 

_Q_ 

0 
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Table 18. Mollusk infestations from a lake (T2S,R3E,SlNE) ·, Washl!enaw County, Michigan 

Number of 
Mollusk mollusks Helobdella Helobdella 

Host infested fusca lineata 

Helisoma 
trivolvis (1) 97 5 0 

(2) 25 0 
(3) 60 2 
(4) -- _9 _Q_ 

Total 97 99 2 

Helisoma 
cam12lanulatum (2) 11 7 0 

(3) 6 0 
(4) -- _1 _Q_ 

Total 11 14 0 

Promenetus 
exacuous (2) 1 1 0 

Helisoma 
anceps (3) 3 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
cahons, under and above tlie mantle. H. lineata 
occurred in almost equal mabers in three locations 
with 17 under the mantle, 16 above the mantle , and 
15 in the kidney; only two H. lineata were in the 
JNntle cavity. 

In Bert Pond (Table 16) one snail species, H. 
trivolvis, wasparas itized 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
Yity , 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 aboYe 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 111antle caYity, 10 under the 
aantle., 109 above the mantle, and 20 from the kid­
ney . These data indicate that H. lineata preferred 
an area intermediWD 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. caapanulatua, P . arai­
gera, and P . gyrina , and four leeches, · H. fusca 
H. l ineata, H. papi llata, and M. luc ida, were found 
parasitizing them. In the 90 H. trivolttis infested 
with leeches, 92 H. fusca and 4 H. papi llata were 
found: 5 H. fusca fr011 the mantle cnity, 57 under 
the mantle , 23 above the JNntle, and 1 within the 
kidney . One H. papillata was in the mantle cavity 

Species of ·leeches recovered 
Helobdella GlossiJ2honia Glo&siJ2honia 

J2BJ2illata com12lanata heteroclita 

2 0 0 
1 0 0 
0 0 0 

_Q_ _Q_ _Q_ 

3 0 0 

0 0 0 
0 0 0 

_Q_ _Q_ _Q_ 

0 0 0 

0 0 0 

3 0 0 

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

Marvin-
meyeria 

lucida 

0 
0 
0 

_Q_ 

0 

0 
0 

_Q_ 

0 

0 

0 

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 pre fe renee for under . the mantle with 83 
specimens found there. H. caapanulatua carried 
three species of leeches , ofwhich 104 were H. fus­
ca, 1 H. lineata , 11ndl5 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. ar111ige ·ra and P. gyrina had 
the lowest infestations. Three specimens of H. 
fusca were removed from under the mantle of P . ar­
aigera and also one specimen of M. Lucida . P. gy­
rina had l H. fusca from under the mantle, 3 from 
above the mantle, and l H. lineata from above the 
mantle. These data show that H. fusca had a pre­
ference for H. trivolvis and H. ca111panulatua; H. 
papillata preferred H. anceps . · 

From a· lake habitat (Table 18) four snail spe­
cies, H. trivolvis, H. caapanulatua, P exac~ous 
and H. anceps, were infested with leeches . H. tri­
volvis was parasitized by H. fusc ·a, H. lineata, and 
H. papillata . . H. caapanulatua 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. trivqlvis and H. caapanulatua, 
while H. papi llata may have a preference for H. 
anceps . Also, H. fusca preferred sites under the 
aantle and intermediua of the mantle in H. frivol­
vis. 

Four-Mile Lake (Table 19) proYided six species 
of snails, H. trivolvis, H.caapanulatua, H. anceps, 
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Table 19. Kollu1k. infutationa fr0111 Four-Mile Lake (T2S,R3E,S4SE), Waahtenaw County, Michigan 

Nwaber of 
Mollu1k 1101luska Helobdella Helobdella 

Ho1t 

Helisoma 
trivolvis (1) 

(2) 
(3) 
(4) 
(5) 

Total 

Helhoma 
camJi!anuhtum (3) 

Helisoma 
ance2s (3) 

GX!aulua 
2arvua (3) 

Promenetus 
exacuous (l) 

Ph xu 

~ (1) 
(2) 
(3) 

Total 

Location in boat: 
(1) mantle cavity 

infested ~ 

83 . 18 
25 
38 
28 

- J 
83 109 

2 3 

1 0 

3 2 

1 1 

41 0 
0 

- ...Q.... 
41 0 

(2) below mantle (diguUve ghnd .and aorta) 
(3) above mantle (between shell and mantle) 

lineau 

0 
0 
0 
0 

.;.Q_ 

0 

0 

0 

0 

0 

0 
0 

...Q.... 
0 

Species of leeches recovered 
Helobdella GlosB12honia Glo11:l.2honia 
2•2Ulata com2lanata heteroclita 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

_1_ ....Q_ ....Q_ 

1 0 0 

0 0 0 

1 0 0 

1 0 0 

0 0 0 

3 0 0 
31 0 0 

_s ...Q.... ...Q.... 
41 0 0 

(4) in kidney 
(5) outside on shell 

Table 20. Kolluak infeatationa from Murray Lake (T2S,R7E,SlONW), Waihtenaw County, 
Mi!!higan 

Nuaber of Species of leeches recovered 
Mollusk aolluaka Relobdella Helobdella Helobdella Glo .. i2honia Glosai2honis 

Host infaated !.!!!£.! .lli!!ll 2•2illata C!!!!l!lanata heteroclita 

Helhoma 
C!!!!Ji!anulatum (2) 20 18 0 0 0 0 

(4) - _6 ....Q_ ...Q.... ...Q.... ...Q.... 
Total 20 24 0 0 0 0 

Planorbula 
ara1isera (2) 1 1 0 0 0 ·o 

Phyu 
intesra (2) 2 2 0 0 0 0 

Helhoma 
triv§!lv&a (2) 1 1 0 0 0 0 

Location in boat: 
(1) mantle cavity 
(2) under mantle (diautive ·aland and aorta) 

(3) above mantle (between ahell and mantle) 
(4) in kidney 

Marvin-
meyeria 

lucid a 

0 
0 
0 
0 

....Q_ 

0 

0 

0 

0 

0 

0 
0 

...Q.... 
0 

Marvin-
meyeria 

lucida 

0 
...Q.... 

0 

0 

0 

0 
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Tab l e 21 . Mollusk infestations from Fleming Creek (T2S,R6E,S25SE), Washtenaw Count y, 
Michigan 

Mollusk 
Host 

BsliiQIIIII 
trivolvis (1) 

(2) 
(3) 
(4) 

Total 

Helisoma 
anceps (1) 

(2) 
(3) 
(4) 

Total 

Phyn 
.8Y!.!!!! (1) 

(2) 
(3) 

Total 

Location in host: 
(1) mantle cavity 

Number of 
mollusks 
infested 

165 

--
165 

112 

-
112 

24 

-
24 

Helobdella Helobdella 
fusca lineata 

0 25 
0 115 
0 45 

...Q... __ 4 

0 189 

0 0 
0 0 
0 2 

_Q_ _Q_ 

0 2 

0 0 
0 0 

_Q_ _Q_ 

0 0 

(2) below mantle (digestive gland and aorta) 

G. parvus, P . exacuoua, 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 l H. papillata . In 
the H. trivolvis population, 18 H. fusca were re­
covered from the mantle cavity, 2 5 fro• below the 
.. ntle, 38 froa above the mantle, and 28 in the 
kidney. One H. papillata was found on the outside 
of the shell of this snail. H. caapanulatua had 
three specimens of H. fusca above the mantle; H. 
ancepa had one H. papillata above the mantle . G. 
parvua had 2 H. fusca and 1 H. papillata above the 
aantle. P. ~rrina were infested with H. papillata: 
3 in the mantle cavity, 31 below the •antle, and 5 
frOIS above the mantle. There appeared to be a ae ­
lective preference of H. fuaca for H. trivolvis 
and H. papillata for P. ~rrina. 

Four snail species , H. caapanulatua, P. araigera, 
H. trivolvia, and P. integra froa Murray Lake 
(Table 20) were infested with one leech species, 
H. fusca. In the 20 infested specimens of H. caa­
panulatua, 18 H. fuaca were under the •antle and 6 
in the kidney. ln. P. araigera H. trivolvia, and 
P. integra, all of H. faaca were recovered .fro. 
unde'r the •antle. · 

The snail popu~ation · of Fleming Creek (Table 21) 
included three species, H. trivolwia, H. ancepa, 
and P. gyrino, infested with leeches. Both H. li­
neata and H. papillata were on H. trivolvia and H. 
ancepa, while 6nly H. papillata was on P. ~rrina. 
It is evident that H. lineata at this station had 
a preference forH. trivol11ia. Of the 189 speci-ns 
of H. lineata, 25 were froa the .. ntle cavity, US 

--
~ecie·s of leeches recovered 

Helobdella GlossiJ2honia Glossiehonia 
12a12illata com12lanata hetet:oclita 

0 0 0 
0 0 0 
1 0 0 

...Q... ...Q... ...Q... 

1 0 0 

26 0 0 
103 0 0 
30 0 0 

_1 _Q_ _Q_ 

160 0 0 

2 0 0 
14 0 0 
_ 9 _ _Q_ _Q_ 

25 0 0 

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

Marvin-
meyeria 

lucida 

0 
0 
0 

...Q... 

0 

0 
0 
0 

_Q_ 

0 

0 
0 

_Q_ 

0 

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. papi llata; 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 a roadside ditch (Table 22) three snail spe­
cies, H . . trivolvis, S . e lodes , and P. gyrina, were 
infested with leeches. H. tr i volvis 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 themantJe cavity, 254 below the 
•antle, 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. papi llata, G. 
h.eteroclita, and II . lucida. Among the 137 P. gyrina 
infested, 14 H. fusca were found; 2 were from the 
.. ntle cavity, 10 below the mantle, and 2 above the 
•ntle. H. papillata infestations in P. gyrino in­
cluded I from the mantle cavity, 97 below , and 31 
above the mantle. Only one specimen of G. h.etero­
clita paruiti&ed P. gyrino; it waa re110ved from 
above the •antle. Six II. lacida were in P. gyrina; 
2 frOIS the .. ntle cavity and 4 below the 11antle . 
These data indicate. that H. papillata hadaprefer­
ence for· all three anaila. 



36 STERKIAMA MO. 58, JUNE 1975 

Table 22. Mollusk infestation's from a roadside ditch (TlS,R3E,Sl9SE), 
Washtenaw County, Michigan 

Number of 
Mollusk mollusks Helobdella Helobdella 

Host 

Helisoma 
trivolvis ( 1) 

(2) 
(3) 
(4) 
(5) 

Total 

Stal?jnicola 
~ ( 1) 

(2) 
(3) 
(5) 

Total 

Physa 

mlli (1) 
(2) 
(3) 

Total 

Location in host: 
(1) mantle cavity 

infested fusca 

182 0 
4 
2 
0 

- _1_ 

182 7 

40 0 
0 
0 

- - ...Q_ 

40 0 

137 2 
10 

-- _ 2_ 

137 14 

(2) below mantle (digestive gland and aorta) 
(3) above mantle (between shell and mantle) 

lineata 

0 
0 
0 
0 

...Q_ 

0 

0 
0 
0 

_o_ 
0 

0 
0 

_o _ 
0 

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 two species, S. e:ci li! and P. ar­
llligera; both carried the leech M. Iucida, recovered 
from below the mantle . In Fleming Creek 16 G. com­
planata leeches were on the outside shell of the 
small bivalve , S . si111ile . 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. campanulatua, 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 Lake, two H. trivolvis were infested with 
two specimens of H. fusca, and in Bew Besse Lake 
one H.campanulatua 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. aegasoaa, were infested 
with the leech H. papilla ta. Thirty-two H. trivol­
v is were infested with 83 leeches, 53 be low the 
mantle and 30 above the mantle. H. anceps had two 

Species of leeches recovered 
Helobdella GlossiEhonia GlossiEhonia Marvin-

ESE illata comElanata heteroclita meyeria 
lucid a 

27 0 0 0 
254 0 0 0 

45 0 0 0 
0 0 0 0 __ o _Q ...Q_ ...Q_ 

326 0 0 0 

3 0 0 0 
30 0 0 0 

5 0 0 0 
2 ...Q_ ...Q_ ...Q_ 

40 0 0 0 

8 0 0 2 
97 0 0 4 

..1..!. ...Q_ _1_ ...Q_ 

136 0 1 6 

( 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. hypnoru11. and P. armigera were infested with M. 
Iucida, and both had this leech below their man­
tles. 

Part IV. Hol)uak-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, Voj tek , J . Opravi lova and Voj t­
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 He lobde I Ia, 
may serve as second intermediate hosts in which 
cercariae encyst and undergo the development into 
metacercariae of the tetracoty1e type. 

• 
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Table 23. Mollusk infestations from various aquatic habitats throughout Michigan 

Mollusk 
Host 

Helisoma 
trivolv is (2) 

( 3 ) 
Total 

Helisoma 
anceps (2) 

Lymnaea 
megasoma (3) 

Helisoma 
trivolvis (2) 

Aplexa 
hypnorum (2) 

Planorbula 
armigera (2) 

Helisoma 
trivolvis (2) 

Helisoma (2) 
campanulatum 

Number of Species of leeches 
mollusks Helobdella gelobdella Helobdella Glossi]2honia 
infested fusca lineata 12aJ2illata com12lanata 

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

2 

5 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

53 
30 

'83 

2 

5 

Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan 

3 0 0 

0 0 0 

0 0 0 

South Lake (TlS,R3E,SlOSW), Washtenaw County, Michigan 

2 2 0 0 

Baw Besse Lake (Tl2S,R16E,S33), Muskegon County, Michigan 

1 0 0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

recovered 
GlossiJ2honia 
heteroclita 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

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

Helisoma 
trivolvis (3) 

Stagnicola 
~ (2) 

Planorbula 
armigera 

Sphaerium 
~ 

(2) 

(5) 

Helisoma 
trivolvis. (2) 

Helisoma 
trivolvis (2) 

Helisoma 
campanula- (2) 
~ 

(2) 

Lymnaea 
stagnalis (3) 

1 0 0 

Duck Lake (T2S,R3E,Sl2), Jackson County, Michigan 

2 0 0 0 

2 0 0 0 

Fleming Creek (T2S,R7E,S8SE), Washtenaw County, Michigan 

16 0 0 0 

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

2 0 0 

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

1 0 0 

2 2 0 0 

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

13 0 13 0 

Au Sable River (T26S,R3E,S7SW), Crawford County, Michigan 

2 2 0 0 

Location in host: 
(1) mantle cavity (4) in kidney 

0 

0 

0 

16 

0 

0 

0 

0 

0 

(2) below mantle {digestive gland and aorta) 
(3) above mantle (between shell and mantle) 

(5) outside on shell 

0 

0 

0 

0 

0 

0 

0 

0 

0 

:H 

Marvin-
meyeria 

lucida 

0 
0 

0 

0 

0 

1 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 
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Table 24. Mollusks parasitized with leeches and cercaria! types, and leeches infected 
with tetracotyles from Bert Pond (TlS,R3E,Sl9), E. S. George Reserve, Livingston 
County, Michigan 

Mollusk 
Host 

Helisoma 
trivolvis 

Total 

831 21 

831 21 

Species of 
, leeches 
1 recovered 

He lobde lla 
fu~1ca 

*He lobde lla 
* li~eata 

* 
* 

Helobdella 
fusca --.. -

It 

Helobdella 
li~eata 

1 
1 
2 
1 

1 
2 

4 
4 

4 
2 
2 
1 
1 

35 

Cercaria! 
types 
recovered 

Echinostome 
cercariae 

Echinostome 
cercariae 

Xiph idiocercariae 
Echinostome 
cercariae 

Xiphidiocercariae 
Echinostome 

cercariae 

Strigea cercariae 
Echinostome 
cercariae 

Echinostome 
cercariae 

Furcocercariae 

0 

0 
0 
0 
1 

1 
1 
2 
0 

0 
0 

0 
0 

ci 
0 
0 
0 

0 
1 
0 

0 

6 

Date 

8-5-71 

8-15-71 
8-15-71 
8-19-71 

12-10-72 

4-12-73 

5-24-73 
6-25-73 

7-9-73 

8-27-73 

8-27-73 

(*) leeches infected with tet racotyles infesting snails 

As indicated (Tables 24-29), six pulmonate snails 
(H. trivolvis, H. campanulatum, H. anceps, P. gy­
rina, S. exil is, and A. hypnorum) were collected 
during 1972 and 1973, and had the leech-cercaria! 
association. H. trivolvis infested with three spe­
cies of leeches (H. fusca, H. l ineata, and H. pa­
p illata) also . had cercariae of six types: echino­
stome cercariae , xiphidiocercariae, · strigeid cer­
cariae, furcocercariae, amphistome cercariae, and 
macrocercous cercariae. No multiple cercaria! types 
were encountered; however, several H. trivolvis had 
multiple leech infestations involving either H. 
fusca, H. lineata or H. papillata. These data show 
that of the 2, 020 specimens of H. trivolvis examined, 
37 0,8%) carried the leech-cercaria! type associa­
tion. Four H. campanulatum out of 552 also had 
such a leech-cercaria! association. Only the leech 
H. fusca was found on H. campanulatum, and two 
snails had multiple infestations. Cercaria! 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-cercaria! 
association. 

In the snail, P. gyrina, both the leech, H. pa­
i> illata, and an amphistome were found: among 157 
P. gyrina examined only 2 (1,3%) had this leech­
cercaria! type association. One multiple H. papil­
lata infestation occurred wit!• the amphistome type. 

Some H, anceps snails ha.d two leech species, H. 
lineata and H. papillata, and one cercaria! type, 
xiphidiocercariae. Several multiple leech infesta­
tions also occurred: of 162 H. anceps recov.ered, 
only 6 (3 .7% ) had the leech-cercaria! type associ­
ation. 

From a woodland pool, 13 of 677 S. exilis col­
lected had the leech-cercaria! association. The 
leech M. Lucida was present along with three cer­
caria! types: echinostome cercariae, furcocercous 
cercariae, and xiphidiocercariae. Several multiple 
leech infestations occurred with all three cerca­
ria! types, but no multiple cercaria! types were 
found. Thirteen S. exilis of the 677 examined 
(1.9%) had a leech-cercaria! type association. Al­
so, from the same pool, among 8 2. A. hypnoru111 col­
lected only one ( 1. 2%) had the leech M. luc ida and 
the echinostome cercaria! type - association. Many 
more snails were found infested with leeches but 
not the leech-cercaria! association. Of the 2,023 
snails infested with leeches, only 63 (3.1%) car­
ried a leech-cercaria! type association. 

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

• 
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Table 25. Mollusks parasitized with leeches and cercarial types, and leeches infected 
with tetracotyles from a Woodland Pool (T2S,R3E,S9SW), Washtenaw County, 

Mollusk 
Host 

Sta.gnico1a 
~ 

Aplexa 
h:~::pnorum 

Total 

Table 

Mollusk 
Host 

Roadside 

Helisoma 
trivolvis 

Total 

Roadside 

Helisoma 
trivolvis 

Physa 
.8%!!!!.! 

Totd 

Michigan 
Number of Species of 

! leeches 
recovered 

677 13 Marvinme}:eria 
1ucida --.. --

82 

759 14 

2 
3 
1 
2 
2 
1 
2 
2 
1 
2 
2 

23 

· Cercaria! 
types 
recovered 

Echinostome 
cercariae 

Furcocercariae 
Echinostome cercariae 

X iph idiocerc'ar iae 

Echinostome cercariae 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
·0 
0 

0 

26. Mollusks parasitized with leeches and cercaria! types, and leeches infected 
with tetracot yles from two roadside ditches 

Number of Nu\)lber of ' Species of i Number of Cercaria! 
mollusks mollusks leeches leeches ; types 
examined earasitized 

1 
recovered recovered ! recovered 

Ditch ~T2S 1 R4E 1 S31Sl 1 Missaukee Count:~::, Michigan 

85 1 He1obdella Strigea cercariae 0 
fusca 

10 H~ella 
paeillata 1 Xiphidiocercariae 0 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 Echinostome cercariae 0 
3 Amphistome cercariae 0 

85 11 13 . 0 

Ditch ~TlS, R3E 1 Sl9SEl, wash.tenaw Count:z:, Michigan 

658 2 Helobdella 1 Echinostome cercariae 0 
pap~llata 

1 0 
157 2 . 2 Amphistome cercariae 0 

1 0 -
815 4 5 0 

Date 

6-17-72 

7-20-72 

8-18-73 
7-20-73 

7-17-72 

5-15-73 

7-17-73 
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Table 27. Mollusks parasitized with leeches and cercaria! types, and leeches infected 
with tetracotyles fr om Fleming Creek (T2S,R6E , S25SE), Washtenaw County, 

Mollusk 
Host 

Helisoma 
anceps 

Total 

Mi chigan 
Number of Number of 
mollusks 
examined 

162 

162 

6 

6 

Species of 
1 leeches 

recovered 

He lobde lla 
lin~.ata 

Helobdella 
papillata 

Date 
Number of I Cercaria! 

I leeches types 
· Total 

I recovered recovered 

Xi phidiocercariae 0 8-21-71 

1 0 
'1 . 0 10-12-72 

2 0 
2 0 
1 0 8-13-73 

8 0 

Table 28. Mollusks parasitized with leeches and cercaria! t ypes, and leeches infected 
with tetracotyles from three ponds 

Mollusk 
Host 

I Species of 
, leeches 

arasitized recovered 

Cercaria! 
types 
recovered · 

Date 

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

Helisoma 
trivo1vis 

Crane 

Helisoma 
trivo1vis 

He lisoma 

25 

Pond (TlS, R3E, 

317 . 

campanu1atum 548 

Total 

George 

Helisoma 
trivolvis 

Total 

865 

Pond. (T15, R3E, 

182 

182 

Helobdella 
~ 

519), E. 5, George Reserve, 

Helobdella 
fusca 

2 

3 

519). E. s. George Reserve, 

He lobdella 
3 fuses 

H;rc:;bde 11 a 
lineata - ,-,--

3 

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 anails and one species of sphaeriace­
an clam is presented sep,arately in tables 30-38, 
where the arrangement is by habitats . Included are 
the number of mollusks infested, number of leeches 

A mph f.s t orne cere ar iae 0 4-27-72 

Livingston County, Michigan 

Xiphidiocercariae 0 9-28-72 

1 Amphistome cercariae 0 10-18-73 
2 Echinostome 0 10-18-73 

cercariae 

4 0 

Liv i ngston County, Michigan 

Echinostome 0 6-25-73 
cercariae 

2 Macrocercous 0 6-25-73 
1 Xiphidiocercbriae 0 " 

4 0 

per ~Uusk; the total leech distribution and the 
mollusks fr.om each habitat are also given. While 
mul .tiple infestations occurred, most infested mol­
lusks contained only one leech. 

One woodland pool (Table 30) yielded five· snail 
species, S . exilis, H. trivolvis ., A. hypnorua, P. 

· exacuous, and P. araigera, 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 leec·hes and cercaria! t ypes, and l eeches infect ed 
with , tetracotyles from two lakes 

Mollusk 
Host 

I 
Species of 
leeches 
recovered 

Four-Mile Lake (T2S,R4E, S4SE), Washtenaw County, Michigan 

Cercaria! 
types 

·recovered 

Helisoma 4 2 Helobdella Xiphidiocercariae 
campanulatum 

Tqtal 4 2 

Lake (T2S,R3E, SlNE), Washtenaw County, Michigan 

Helisoma 
trivolvis 

Total 

104 

104 

2 

2 

He.lobdella 
fu.~1ca 

1 
2 

4 

2 

Xiphidiocercariae 

0 

0 
2 

0 

0 

0 

Table 30. Distribut.ion of leeches .on mollusks collected from two woodland pools 

Woodland Pool (T2S, .R3E, S9SW), Washington County, Michigan 

Number of leech.es/snaih 
Number of snails 
Number of lee.ches 

Number of leeches/s~ails 
Number of snails 
Number of leeches 

Number of leeches/snaUs 
Number of snails . 
Number of leeches 

Number of ieeches/anailil 
Number of · snails 
Number of leeches · 

Number of ' leeches/snails 
Number of snails 
Number of leeches 

Total: 
Number of leeches/snails 
Number of snails 
Number of leeches 

Distribution of leeches among 677 Stagnicola exilis 

0 1 
483 136 

0 136 

2 
31 
62 

3 
11 
33 

4 
4 

16 

5 
6 

30 

6 
3 

18 

7 
0 
0 

8 
2 

16 

9 
0 
0 

10 
' 1 

10 

11 
0 
0 

Distribution of leeches among 48 Helisoma trivolvis 

0 
14 
0 

0 
77 

0 

1 2 3 
17 11 4 
17 22 12 

4 
1 
4 

5 
1 
5 

6 
0 
0 

7 
0 
0 

9 
0 
0 

10 
0 
0 

Distribution of leeches among 82 Aplexa hypnorum 

1 
3 
3 

~ 
2 
4 

3 4 
0 . 0 
0 . 0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

11 
0 
0 

Distribution of leeches among 19 Promenetus exacuous 

Q 1 
17 2 

0 2 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 15 Planorbula armigera 

0 
13 
0 

1 2 
1 0 
1 . 0 

3 . 4 
1 0 
3 0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

Total distribution of leeches among 841 Pulmonates 

0 . 1 
604 159 

0 ' 159 

2 3 
44 16 
88. 48 

4 
5 

20 

5 
7 

35 

6 
3 

18 

7 
. 0 
0 

8 
2 

16 

9 
0 
0 

10 
1 

10 

11 
0 
0 

11 
0 
0 

Woodland Pool, .. Zeeb Rlf., (T2S, R5E, S28E), Washtenaw County, Michigan 

Number of 
Number of 
Number of 

leeches/snai 1s 
an.Ula . 
leeches 

0 
374 
· o 

Distributio)l 

1 2 3 
1 0 0 
1 0 0 

of leeches 

4 5 
0 0 
0 0 

among 375 Aplexa hypnorum 

6 7 8 9 10 
0 0 0 0 0 
0 0 0 0 0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

IU 

Date 

7-25-72 

5-18-73 

6-24-72 

4-3- 73 

Total 
677 
321 

Total 
48 
60 

Total 
82 

7 

Total 
19 

2 

Total 
15 

4 

Total 
841 
394 

Total 
375 

1 
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Table 31. Distribution of leeches on mollusks collected from a roadside ditch 
(TlS, R3E, S 19SE), Washtenaw County, Michigan 

Distribution of leeches among 658 Helisoma trivolvis 

Number of leeches/snails · 0 1 2 3 4 5 6 7 8 . 9 10 11 12 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 ~ 

Number of leeches/snails 0 1 2 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 0 0 0 o · 0 40 

Distribution of leeches among 604 Physa gyrina 

Number of leeches/snails 0 1 2 3 4 5 6 7 8 9 10 11 12 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 leeches among 1,688 Pulmonates 

Total: 0 1 2 3 4 '5 6 7 8 9 10 .n 12 Total 
Number of leeches/snails 1,329 266 55 .20 10 3 .... 2 . 1 0 0 2 0 0 1,688 
Number of snails 0 266 110 60 40 15 12 7 0 0 20 0 0 530 

Table 32. Distribution of l eeches on mollusks collected from two ponds 

Bert Pond (TlS, R3E, 519)' E. s. George Reserve, Livingston County, Michigan 

Distribution of leeches among 885 Helisoma trivolvis 

Number of leeches I snails 0 1 2 3 4 5 6 7 8 9 10 11 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 0 0 0 0 12 523 

George Pond (TIS, R3E, 519)' E. s. George Reserve, Livingston County, Michigan 

Distribution of leeches among 485 Helisoma trivolvis 

Number of leeches/snails 0 1 2 3 
Number of snails 333 136 10 5 
Number of leeches 0 136 20 15 

3, one (3%) had 4, and one (3%) had 5. Two A. hyp­
norum had 2leeches, and one P. armigera had 3. The 
other woodland pool (Table 30) on Zeeb Hoad yielded 
only one snail of 375 A. hypnorum with only · one 
leech infestation. 

Of the infested H. trivolvis collected from '· a 
roadside ditch (TlS, fi3E, Sl9SE) (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. · · 

4 
0 
0 

5 6 7 8 9 10 11 12 Total 
0 0 0 0 0 0 1 0 485 
0 0 0 0 0 0 11 0 182 

In Bert Pond (Table 32) the 328 H. trivolvis in­
fested with leeches .had 74 (.23%) with 2 leeches, 
23 (7%) with 3, 10 (3%) with 4, 6 with 5, 2 wi~h 6, 
and l with 12 , leeches. George Pond (Table 32), how­
ever, had 152 infested H. trivolvis, of which 10 
· ( 7%) ha~ 2 .·. leeches,· 5 ( 3%) 'had 3; .:and 1 had 11 
leeches . 

. Fleming Creek (Table 33) had three snail species, 
H. trivolvis, P. gyr"ina, and H: anceps, infested 
with leeches. Of 165 H. trivolvis 12 (7%) had'~. 
4 (2%) had 3, andl 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. PistributiQn of leeches on mollusks collected from Fleming Creek (T2S ,R6E, S25SE), 

Washtenaw County, Michigan 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Totai: 
Number of leeches/snails 
Number of snails 
Number of leeches 

0 
196 

0 

.0 
254 

0 

0 
395 

0 

0 
844 

0 

Distribution of leeches among 658 Helisoma trivolvis 

1 
148 
148 

2 
12 
24 

3 
4 

12 

4 
0 
0 

5 
0 
0 

6 
1 
6 

Distribution of leeches among 

1 
23 
23 

2 
1 
2 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
·o 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

278 Physa gyrina 

10 
0 
0 

7 8 9 10 
0 0 0 0 
0 0 0 0 

Distribution of leeches among 507 Helisoma anceps 

1 
88 
88 

2 
11 
22 

3 
7 

21 

4 
2 
8 

5 
2 

10 

6 
1 
6 

7 
1 
7 

8 
0 
0 

9 
0 
0 

10 
0 
0 

Total distribution of leeches among 1,146 Pulmonates 

1 
259 
259 

2 3 
24 11 
48 . 33 

4 
2 
8 

5 
2 

10 

6 
2 

12 

7 
1 
7 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

11 
0 
0 

11 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

Table ' 34. Distribution of leeches on mollusks collected from Crane Pond (TlS,R3E,Sl9), 
E. S. George Reserve, Livingston County , Michigan 

Number of leeche~/snails 
Number of snails 
Number of leeches· 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of .leeches/snails 
Number of snails 
Number of leeches · 

Total: 
Number of leeches/ snails· 
Number of snails 
Number of leeches 

0 
227 
· 0 

1 
86 
86 

Distribution of leeches among 317 Helisoma trivolvis 

2 
2 
4 

3 
2 
6 

4 
0 
0 

5 
0 
0 

6 .7 
0 . 0 
0 0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

· Distribution of leeches among 224 Helisoma anceps 

0 
144 

0 

1 
65 
65 

0 1 
2 0 
0 . 0 

0 
35 

0 

1 
2 
2 

0 . 1 
433 110 

. 0 110 

2 
8 

16 

3 
3 
9 

4 
3 

12 

5 
0 
5 

6 
1 
6 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 4 Planorbula armigera 

2 
2 
4 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

Distribution of leeches among 38 Physa gyrina 

2 
0 
0 

3 
1 
3 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

11 
0 
0 

Distribution of leeches among 548 Helisoma campanulatum 

2 
4 
8 

3 
0 
0 

.4 
1 
4 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Toial distribution of leeches among 1,131 Pulmonates 

0 1 
841 263 

0 263 

2 
16 
32 

3 
6 

18 

4 
4 

16 

5 
0 
0 

6 
1 
6 

·7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

Total 
361 
190 

Total 
278 

25 

Total 
507 
162 

Total 
1,146 

377 

Total 
317 

96 

Total 
224 
108 

Total 
4 
4 

Total 
38 

5 

Total 
548 
122 

Total 
1,131 

335 
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Table 35. Distribution o.f leeches on mollusks collected from a lake (T2S,R3E,SlNE), 
Washtenaw County, . Michigan 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches · 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Total: 
Number of leeches/snails 
Number of snails 
Number of leeches 

0 
552 

0 

0 
48 

0 

0 
7 
0 

0 
13 

0 

1 
93 
93 

1 
8 
8 

1 
1 
1 

1 
3 
3 

Distribution of leeches among 649 He1isoma trivo1vis 

2 
2 
4 

3 
1 
3 

4 
1 
4 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 59 Helisoma campanu1atum 

2 
3 
6 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 8 Promenetus exacuous 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

: 10 
' 0 

0 

Distribution of leeches among 16 Helisoma anceps 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

11 
0 
a· 

Total Distribution of leeches among 732 Pulmonates 

0 1 
620 105 

0 105 

2 
5 

10 

3 
1 
3 

4 
1 
4 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

.12 
0 
0 

12 
0 
0 

12 
0 
0 

Total 
649 
104 

Total 
59 
14 

Total 
8 
1 

Total 
16 

3 

Total 
732 
122 

Table 36. Distribution of leeches on mollusks collected from Murray Lake (T2S,R7E,Sl0NW), 
Washtenaw County, Michigan 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snaiis 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Total: 
Number ·Of leeches/snails 
Number of snails 
Number of leeches 

Distribution of leeches among 201 Helisoma campanulatu~ 

0 
181 

0 

1 
19 
19 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
1 
5 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 104 Planorbula armigera 

0 
139 

0 

1 
1 
1 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

Distribution of leeches among 30 Physa integra 

0 
28 

0 

1 
2 
2 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

Distribution of leeches among 35 Helisoma trivolvis 

0 
34 
0 

l 
1 
1 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10. 
0 
0 

·Total distribution of . leeches among 406 Pulmonates 

0 1 
382 23 

0 23 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
1 
5 

6 
<i 
0 

7 
() 

0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

11 
0 
0 

11 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
' 0 
0 

12 
0 
0 

Total 
201 

24 

Total 
140 

1 

Total 
30 

2 

Total 
35 

1 

Total 
406 

28 

.. 
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Table 37. Distribution of leeches on mollusks collected from Four-Mile Lake 
(T2S,R4E,S4SE), Washtenaw County, Michigan 

Distribution of leeches among io9 - ~h.ysa ~~ 
Number of leeches/snails 0 1 2 3 4 5 6 7 a· 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 39 2 0 0 0 0 o, 0 0 0 0 0 41 

Distribution of leeches among 39a Helisoma trivolvis 

Number o f leeches/snails 0 1 2 3 4 5 6 7 a 9 10 11 12 Total 
Number .,( snails 315 72 4 2 4 0 0 1 0 0 0 0 0 39a 
Number of leeches 0 72 a 6 16 0 0 7 0 0 0 0 0 109 

Distribution of leeches .among l; Helisoma cam2anulatum 

Number of leeches/snails 0 1 2 3 4 5 6 7 a · 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 . 1 2 0 0 0 0 0 0 0 0 0 0 3 

Distribution of lee ches among 75 Gyraulus 2arvus 

Number of leeches/snails 0 1 2 3 4 5 6 7 a 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 

Dis.~ribut ion of leeches among la Promerietus ·e·xacuous 

Number of leeches/snails 0 1 2 3 4 . 5 -6 1 8 9' 10 11 12 Total 
Number of snails 17 1 0 0 0 0 0 0 0 0 0 0 0 la 
Number of leeches 0 1 · o 0 0 0 0 0 0 0 0 0 0 l 

Distribut ion of leeches among 2 Helisoma ance2s 

Number of leeches I snails 0 1 2 3 4 5 6 7 a 9 10 11 12 Total 
Number of snails 1 0 1 0 0 0 0 0 . 0 0 · o 0 0 2 
Number of leeches 0 0 2 0 0 0 0 0 .. 0 . 0 .0 . · . 0 0 2 

Total distribution of leeches among 606 Pulmonates 
Total: 
Number of leeches/snails 0 1 2 3 
Number of snails 476 116 7 2 
Number of leeches 0 116 14 6 

Crane Pond . (Table 34) had five snail species, H. 
trivolvis, H. anceps , P. ar•igera, II. campanulatu111, 
and P. gyrina . Of 90 II. 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. lbe 2 P. ar111igera had 2 leeches, l P. 
gyrina had 3; of 115 II. ca~anulatu•, 4 (3%} had 2 
leeches and l had 4 leeches. 

from a lake (T2S, R3E, SlNE) (Table 35) four 
snail species,, H. trivolvis, II. ca•panulatum, P. 
exacuous , and H. anceps, had leeches. The 97 H. 
t r i vo lv is had 2 ( 2%) : Yii th 2, 1 with 3, and 1 with 
4 leeches . P. exacuous and II. anceps had single 
infestations. Of 11 H. caapanulatu111 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. calll­
panulatum infested with leeches, one specimen had 
5 . P . armigera, II. trivolvis, and P. integra all 
had single infestations. 

Six snails, P. gyrina, if. trivolvis, H. caapanu­
latum, G. parvus, P. exacuous, and II. anceps, from 

4 
4 

16 

5 6 7 a 9 10 11 12 Total 
0 0 1 0 0 0 0 0 606 
0 0 7 0 0 0 0 0 159 

four-Mile Lake (Table 37) were infested with leech­
es. Of 40 P. gyrina only one had 2 leeches; and 
one H. campanulatum had2 leeches . Of 83 H. tri­
volvis, 4 (5%) were infested with 2 , 2 (2%) with 3, 
4 (SI) with 4, and l with 7 leeches. G. parvus and 
P. exacuous had single infestations , and one II . 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 rrultiple 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 II. campanulatwa infested with two leeches. 

Part VI. The Symbionta: 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 habitats 

Cressman Pond (TlS,R3E,~30NE), E. S. George Reserve, Livingston County, Michigan 

Distribution of leeches among 57 Heliaoma trivolvis 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
56 

0 

1 
l 
1 

2 
0 
0 

3 
0 
0 

4 
0 
0 

Duck Lake (T2S,R3E,Sl2), Jackson County, Michigan 

5 
0 
0 

6 
0 
0· 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 51 Stagnicola exilis 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
49 
~ 

1 
2 
2 

2 
0 
0 

3 
.0 
0 

4 . 5 

0 0 
0 0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

Distribution of leeches among 5 Planorbula armigera 

Number of leeches/snail~ 
Number of snails · 
Number of leeches 

0 
3 
0 

1 
2 
2 

2 
0 
0 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 . 
0 
0 

11 
0 
0 

Fleming Creek (T2S,R7E,S8SE), · Washtenaw County, Michigan 

Number of leeches/bivalves 0 
Number of bivalves· 32 
Number of leeches · 0 

1 
16 
16 

2 
0 
0 

Distribution of leeches among 48 Sphaerium ~ 

3 
0 
0 

4 
0 
0 

5 < 6 
0 0 
0 0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Waffle's Pond (T4S,R7E,S33SE), Washtenaw County, Michigan 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of lee~hea/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
78 

0 

0 
36 
0 

0 
1 
0 

1 
3 
3 

1 
1 
1 

2 
0 
0 

2 
0 
0 

1 2 
1 . . 0 
1 0 

Distribution of leeches among 81 Helisoma trivolvis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

Distribution of leeches 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

among 37 Aplexa hypnorum 

7 8 9 10 11 
0 0 0 0 0 
0 0 0 0 d . 

Distribution of leeches among 2 Planorbula armigera 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

South Lake (TlS,R3E 1SlOSW), Wuhtenaw County, Michigan 

Number of leechea/1nail1 
Number of snails 
Number of leechel 

0 
16 

0 

1 
2 
2 

2 
0 
0 

Distribution of leeches among 18 Helisoma trivolvis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Baw Besse Lake (Tl2S,Rl6E,S33), Muskegon County, Michigan 

Number of leeches/tnalla 
Number of snails 
Number of leeches 

0 
4 
0 

1 
1 
1 

2 
0 
0 

Distribution of leeches among 5 Helisoma trivolvis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
. 0 

0 

12 
0 

·o 

Total 
57 

1 

Total 
51 

2 

Totll 
5 
2 

Total 
48 
16 

Total 
81 

3 

Total 
37 

1 

Total 
2 
1 

Total 
18 

2 

Total 
5 
1 

• 
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TABLE 38 (CONTINUED) 

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

Number of leeches/snails 
Number of snai ls 
Number of leeches 

0 
7 
0 

1 
2 
2 

2 
0 
0 

Distribution of leeches among 9 Helisoma trivolvis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

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

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
5 
0 

1 
1 
1 

2 
0 
0 

Distribution of leeches among 6 Helisoma trivolvis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

Distribution of leeches among 9 Helisoma campanulatum 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
8 
0 

1 
0 
0 

2 
1 
2 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Dougla~ Lake (T37S,R3E,S27), Cheboygan County, Michigan 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
18 

0 

1 
13 
13 

2 
0 
0 

Distribution of leeches 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

among 31 Physa . parke.ri 

7 8 9 10 11 
0 0 0 0 0 
0 0 0 0 0 

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

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
23 

0 

1 
2 
2 

2 
0 
0 

Distribution of leeches among 25 Lymnaea stagnalis 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

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

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

Number of leeches/snails 
Number of snails 
Number of leeches 

0 
so 

0 

0 
6 
0 

0 
59 

0 

0 
451 

0 

1 
7 
7 

1 
2 
2 

1 
5 
5 

1 
61 
61 

2 
10 
20 

2 
0 
0 

2 
0 
0 

Distribution of leeches among 82 Helisoma trivolvis 

3 
5 

15 

4 
9 

36 

5 
1 
5 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 8 Helisoma anceps 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Distribution of leeches among 64 Lymnaea megasoma 

3 
0 
0 

4 
0 
0 

5 
0 
0 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

Total distribution of leeches among 538 mollusks 

2 
11 
22 

3 
5 

15 

4 
9 

36 

5 
1 
5 

6 
0 
0 

7 
0 
0 

8 
0 
0 

9 
0 
0 

10 
0 
0 

11 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

12 
0 
0 

Total 
9 
2 

Total 
6 
1 

Total 
9 
2 

Total 
31 
13 

Total 
25 

2 

Total 
82 
83 

Tota1 
8 
2 

Total 
64 

5 

Total 
538 
139 



limnaei v. Bae r) and three species of dipteran mid­
ges (Chironomu s sp., Glyptotendipes sp., and Poly . 
pedilum sp . ) we re found either in conjunction with 
leeches and ce rcaria! types or alone on the various 
mollusk speci e s 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. tr i volvis; If. campanulatum , 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 . ar·migera; 
it was on only ~ne operculate snail, Campeloma de­
cisum, and two sphaeriid clams (S. lacustre and S . 
fabale). 

O!aetogasters 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: S. exilis, H. trivolvis, 
A. hypnorum, P . armigera, P . exacuous, C. parvus, 
and S . elodes, living in woodland pools; nor on the 
snails: H. trivolvis, S . elodes, P . gyrina, L. me­
gasoma, and H. anceps 1 i v ing 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. 

lne 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
cimenofChironomus sp. and Polypedilum sp . in Phy­
sa gyrina, and 1 specimen of Glyptotendipes sp . in 
Helisoma campanulatum. 

·Part VII. Leech Gut Contents ~tud ied 
with Immunological Oata 

lbe 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 1968 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 pa-rasitic 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 th e sphaeriacean 
clam S . simile; one G. he ter ocl ita wa s inside P . 
gyrina . H. fusca, H. lineata, H. pap tllata, and M. 
Iucida were common in the mollusk examined. lbe 
following leeches: H. fusca, H. l ineata, H. papi l­
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 Ill). 

Several authors (Harding and Moore 1927 , Miller , 
1929, 1937, Mathers 1948,Pennak 1953, Waffle 1963, 
and others) have claimed that G. complanata and H. 
stagnali s were always as sociated with snails on 
which they feed ; consequently, they were common! y 
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) foundjuveniles 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. complanata 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 on molluscan tis­
sues . 

The body wall of leeches is transparent when 
starved, and, after a meal, the stomach and lateral 
gastric caeca, in which 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 
sincethisspecies wasthemost abundant snail found 
in most of the various habitats studied. The anti­
serum was tested against homologous and heterol o­
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 r e sults 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 ant i-Hel i soma tri volvis serum . The 
pos1t1ve 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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A. G . complonoto 

~ ~ ~ ~ ~ 0 

c 
0 0 0 

c 
a 

c c c 

~ ~ ~ ~ ~ c c c 
a 

c 
a a 

c 
0 a 

B . H. stagnalis 

Fig. 26. Examples of agar gel diffusion plates 
showing the reactions of the gut contents of Glos­
siphonia complanata and 1/elobdella stagnalis with 
the anti-Helisoma tr'ivolvis anti - serum. 

A. Glossiphonia complanata , a : anti-Helis oma 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. 

01 SCUSSION 

Part I. The Study Areas 

To asse ss leech-mollusk associations and to add 
new information to the growing knowledge of leech 
ecology, a comprehensive survey of mollusks, which 
included pulmona tes, operculates, and certain hi ­
valves, was carried out in Sou thea stern 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 great.er 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 

pre fer a degree of current in the wa t er; however, 
none was completely dependent on i t . 1ne ten per­
manent stations, therefore, were characterized by 
using the same environmental fac tors previously 
mentioned as important in the ecology o f both leech­
es and mollusks . 

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 e·dge of a habitat was un­
dercut and dropped off directly into deep water. 
In broad terms of habitat study, most leeches and 
mollusks were more common in sheltered mlcrohabit­
ats . with vegetative belts in the littoral zone 
where emerg1ng 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 moflusks (Boycott 1936). 

At the ten permanent sites studied, collections 
were made over a wide range of both water tempera­
tures (1°- 32° 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 from habitats with a variety of bot­
tom types (see Appendix II) . Sapkarev 0967), Ben­
ni ke ( 1943) and Herrmann (1970) report ed 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 substra te. 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 en vi ronmen ts (backwaters), 
lack of suitable plants, certain muds , and excess 
detritus---all appeared to reduce the number of 
both leeches and mollusks. 

Part II. Total Leeches, Symbionts, and 
Cercaria! Types recovered from 
Mollusks in variou& Habitats 

Most leech-mollusk · studies of the past were of 
the survey type in which 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 1n-
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formation and identifies b0 th the leeches and the 
mollusks, the symbionts and the cercaria! types 
recovered. Titese data showed precisely which spe­
cies attacked which species of ·mollusks in nature 
from a var iety 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 different habitats was quite high (Appendix III), 
the number of different leeches infesting the many 
mollusk species was low and 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 Gloss iphon ia (G. he terocl i"ta) 
and· one in the genus Marvinrneyeri a (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 opercu1ates. 1bis association 
was probably unusual and perhaps species-specific, 
for some operculate snai.ls have a strong mechanical 
defense against leeches when they close their oper­
cula. Among thos·e leeches studied here none was 
shown to penetrate snails with opercula. Annandale 
et al. '(1921) reported that alm0 st 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 in South 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 cercaria! 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 Mien both leeches and cercaria! 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 Wllr• 
ranted to determine its causes. 

There were seven cercaria! 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, Klemm, 1972b, andRichmond, 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. li:neata. 

(To be continued 1n Sterkiana No. 59, September 1975) 
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GULELLA BICOLOR (HUTTON) IN TEXAS 
Recent mention by D. S. Dundee (Sterkiana no. 

55: 25, 197 5) and R. W. Fullington and W. L. Pratt. 
Jr . ( Dalla s Mus. Nat. Hist., Hull. 1, pt. 3: 24, 
1974) app ea r to be the f irs t report s of this spe ­
cies in Te xas . 

Gule ll a b i co lor was collected alive by the author 
und e r th e l e·a f litter of a shrub near the U.S.D.A. 
Resea rch Labora tory in We slaco , Hidalgo County , 
Texas in 1971 and 1973. As se veral specimens were 
collected each time it would appear that G. bicolor 
may be. establishing itself in the general vi ci nity 
of the laboratory. 

Collected with G. bico lor were Polygyra texasia­
na, P. sep temvolva, Prati co lella berlandil'riana, 

BAGWORM CASES AS PSEUDOGASTROPOOS 

Recently, La Rocque 0973) 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 mi s taken identity si milar toh e li­
ciform caddisfly cases involves certain species of 
bagworm moths (Lepidoptera :Psychidae). Th e bagworm 
larva remains in a se lf-con s tructed bag which it 
carries as it feeds on leaves of variou s plants. 
The best known species in th e United .States is the 
evergreen bagworm , Thyridopteryx ephemaeriformis 
(Haworth), ..bich is mos t common in urban areas on 
arbor vitae. "Th e bag of most species is cyl indri­
cal in shape. However, a few spe ci es have bags 
which are helically coiled like gastropods. Cer­
tain s pecies of Asian and African bagworm moths 
with s uc h cases were or iginally senttothe British 
Museum as land snails by the original collector 
(Holland 1903 : 360). 
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and Lamellaxis gracilis. 'Ibe flesh of G. bicolor 
was orange and the color could be seen through the 
s hel l. L. gracilis was yellow .in color which could 
al so be seen through the shell as could eggs which 
seve r al specimens ~ontained . 

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

Thomas G. Littleton 
Department ·of Biology 
Texas A. & M. University 
College Station , TX 77843 

Ac ce pted for publication February 27, 1975 

In the United States there is a single species 
which has a case 'resembling a helical land snail · 
with 2Y. to 3Y, coils' (Davis 1964: 41) . This species, 
Apterona crenulella form he _li~ (Siebold), is not 
native to the United States. Ib1s natlve of central 
and e astern Europe and western Asia has bee~ fo~nd 
in Ca lifornia , Utah, Idaho and New York. Snad-llke 
in some habits, the larvae of Apterona generally 
feed only at night after fastening their cases to 
a l eaf surface much as snails aestivate. 

Raymond W. Neck 
Texas Parks and Wildlife Department 
John H. Reagan Building 
Au s t i n,TX 78701 
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