


LIBRARY OF THE
UNIVERSITY OF ILLINOIS

AT URBANA-CHAMPAIGN

STOS
ILL

cop. y2j



.The person chamin? rhi.
"s return to the C!ry ZlTl " -^P«"-b]e foron or before the Latest Da^,';'^^

''^ -"hdravvn
Theft, mutilation and u„^ .-

^"'P^^ ^elow.
nary action and niav "- u "^ °' """"'s are reas«„. .

LI61—O-I096



Digitized by tine Internet Arciiive

in 2011 witii funding from

University of Illinois Urbana-Champaign

http://www.archive.org/details/northamericanfre46sawy





•H.



.LL

op. 3

North American Freshwater Leeches.

Exclusive of the Piscicolidae^

with a Key to All Species

ROY T. SAWYER

ILLINOIS BIOLOGICAL MONOGRAPH 46

UNIVERSITY OF ILLINOIS PRESS



ILLINOIS BIOLOGICAL MONOGRAPHS

^'olumes 1 through 24 contained four issues each and were available through

subscription. Beginning with number 25 (issued in 1957), each pubhcation is

numbered consecutively. No subscriptions are available, but standing orders

are accepted for forthcoming numbers. Prices of previous issues still in print

are listed below, and these may be jnirchased from the University of Illinois

Press, Urbana, Illinois. Microfilm and photo-offset copies of out-of-print titles

in the Illinois Biological ]\Ionographs are available from University Microfilms,

Inc., 313 North First Street, Ann Arbor, Michigan 4S107, and the Johnson

Reprint Corporation, 111 Fifth Avenue, New York, New York 10003.

Balduf, W. V. (1959): Obligatory and Facultative Insects in Rose Hips. 12 pis. No. 26. $3.50.

Brandon, Ronald A. (1966): Systematics of the Salamander Genus Gryinophilus. 23 figs.

No. 35. $4.50.

Campbell, John M. (1966): A Revision of the Genus iobopoda (Coleoptera: Alleculidae) in

North America and the West Indies. 174 figs. No. 37. $5.75.

Jones, George Neville (1968): Taxonomy of American Species of Linden (Tiiio). 6 pis. 52

halftones. No. 39. $5.95.

Langebartel, David A. (1968): The Hyoid and Its Associated Muscles in Snakes. 19 figs.

No. 38. $4.95.

Levine, Norman D., and Virginia Ivens (1965): The Coccidian Parasites (Protozoa, Sporozoa)

of Rodents. 2 figs. 48 pis. No. 33. $7.50.

Levine, Norman D., and Virginia ivens (1970): The Coccidian Parasites (Protozoa, Sporozoa)

of Ruminants. 291 figs. No. 44. $8.50.

List, James Carl (1966): Comparative Osteology of the Snake Families Typhlopidae and

Leptotyphlopidae. 22 pis. No. 36. $13.75.

Morgan, Jeanne (1959): The Morphology and Anatomy of American Species of the Genus

Psaronius. 82 figs. No. 27. $3.00.

Northcutt, R. Glenn (1970): The Telencephalon of the Western Painted Turtle. 19 figs. No.

43. $5.95.

Paolillo, Dominick J., Jr. (1963): The Developmental Anatomy of Isoefes. 26 figs. 19 pis.

No. 31. $2.50.

Pinto, John D., and Richard B. Selander (1970): The Bionomics of Blister Beetles of the

Genus Meloe and a Classification of the New World Species. 198 figs. No. 42. $10.00.

Ray, James Davis, Jr. (1956): The Genus Lysimachia in the New World. 20 pis. 11 maps.

Vol. 24, Nos. 3-4. $2.50.

Rominger, James M. (1962): Taxonomy of Seiaria (Gramineae) in North America. 6 pis.

15 maps. No. 29. $4.50.

Ross, Herbert H., and William E. Ricker (1971): The Classification, Evolution, and Dispersal

of the Winter Stonefly Genus Allocapnia. Ill figs. No. 45. $8.95.

Selander, Richard B. (I960): Bionomics, Systematics, and Phylogeny of Lyfta, a Genus of

Blister Beetles (Coleoptera, Meloidae). 350 figs. No. 28. $4.50.

Selander, Richard B., and Juan M. Mathieu (1969): Ecology, Behavior, and Adult Anatomy

of the Albida Group of the Genus Epicauta (Coleoptera, Meloidae). 60 figs. No. 41. $5.95.

Stannard, Lewis J., Jr. (1957): The Phylogeny and Classification of the North American

Genera of the Suborder Tubulifero (Thysonoptera). 14 pis. No. 25. $2.50.

Unzicker, John D. (1968): The Comparative Morphology and Evolution of the Internal Female

Reproductive System of Trrchoptera. 14 pis. No. 40 $3.95.



North American Freshwater Leeches





North American

Freshwater Leeches,

Exclusive of the Piscicolidae,

with a Key to All Species

ROY T. SAWYER

ILLINOIS BIOLOGICAL MONOGRAPHS 46

UNIVERSITY OF ILLINOIS PRESS URBANA, CHICAGO, AND LONDON



Board of Editors: Donald P. Hoffmeister, V/illard W. Payne, Tom L. Phillips, Richard B.

Selander, and Philip W. Smith.

Issued January, 1972.

© 1972 by The Board of Trustees of the University of Illinois. Manufactured in the United

States of America. Library of Congress Catalog Card No. 78-166474.

ISBN 0-252-00214-8



ACKNOWLEDGMENTS

Thanks are due to Professor E. W. Knight-Jones, University Col-

lege of Swansea, Wales; Dr. M. C. Meyer, University of Maine; and

Dr. L. R. Richardson, Grafton, New South Wales, for their interest,

helpful advice, and criticism. Sincere thanks also go to Drs. I. J. Can-

trail, H. van der Schalie, F. C. Evans, and T. E. Moore, University

of Michigan, for their encouragement of my initial interest in North

American leeches.

Drs. John D. Unzicker and Philip W. Smith, Illinois Natural

History Survey, allowed me to examine the large Illinois collectit)n on

which much of this work is based. In addition, the following have

helped by supplying specimens or locality reports: Dr. R. W. Sims,

British Museum (Natural History) ;
Dr. G. Hartwich, Berlin ]\Iuseum;

Dr. Herbert Levi, Museum of Comparative Zoology. Harvard Univer-

sity; Dr. Walter J. Harman, Louisiana State University; Mr. David

Foley, University of Michigan; Mr. Allen J. Smith, Hannnond Bay
(Michigan) Biological Station; and Mr. John (t. Hale, Department of

Conservation, Duluth, Minnesota.

This study was supported in part by a National Science Foundation

Predoctoral Fellowship.





CONTENTS

INTRODUCTION 1

SYSTEAIATIC ACCOUNTS 4

ZOOGEOGRAPHICAL AND EVOLUTIONARY
CONSIDERATIONS 73

KEY 76

REFERENCES 91

FIGURES 107

INDEX 149





INTRODUCTION

Leeches, like snakes and spiders, fall into the category of "misunder-

stood" creatures. The popular image of the leech — a ^ampire-like

worm which preys on blood at every opportunity — has arisen from

tales of the once-common practice of "leeching" to rid the body of

"bad blood" or from accounts of attacks on swimmers by bloodsucking

leeches. The bloodsucking activity of a few species is insufficient reason

to fear all leeches; the majority of species are restricted to feeding on

certain groups of animals, such as fish, salamanders, turtles, birds,

and snails.

Leeches are annelid worms, easily recognized l)y tlieir flattened

bodies and sucking discs. Like their relatives, the earthworms, they are

hermaphroditic, and the eggs of most species are deposited in cocoons

secreted by the leech's body. There is no larval stage, the eggs hatching

into miniature leeches. Some leeches migrate ui:)stream en masse in the

spring, brood their offspring until almost grown, eat each other's eggs,

and parasitize other members of their own group. Some crawl on land

at night in search of food; some can predict the weather by respdudiug

to changes in barometric jn'essure; and some can swim, l)urrow, or

crawl with equal ease. Leeches live in fresh water, in the sea, and e\-en

on land, and they occur from the polar seas to the tropical jungles.

Leeches are of medical importance, for they ser\-e as inteimediate or

1



2 NORTH AMERICAX FRESHWATER LEECHES

final hosts of several parasitic ])rotozoans, trematodes, cestodes, nema-

todes, and nematomorphs.

The leeches constitute a significant i^art of the North American

freshwater fauna both in numbers of species and in biological impor-

tance, but to date they have received little attention, primarily because

of the difficulties of identification. Except for the excellent studies of

the family Piscicolidae by ]Meyer (1940, 1946a), there has been no

critical review of North American freshwater leeches since VerrilTs

(1874a) summary. Since then a few works dealing with morphology

(Castle, 1900a; Moore, 1901, 1912) and a few regional studies, pri-

marily from the northern United States and Canada, have been pub-

lished. Apart from the recent thorough study of Colorado leeches by

Herrmann ( 1970) , the Great Lakes region has been the most inten-

sively studied section of North America, as a result of investigations in

Minnesota (Moore, 1912), Wisconsin (Bere, 1931; Sapkarev, 1968),

Michigan (Aliller, 1937; Sawyer, 1968, 1970a I, Illinois (Moore, 1901),

Indiana (Moore, 1920), Ohio (Moore, 1906; Miller, 1929), and Ontario

(Ryerson, 1915; ^loore, 1924b, 1936; Aleyer, 1937b; Aleyer and IMoore,

1954; Thomas, 1966).

This monograph is an attempt to revise critically the species of the

families Glossiphoniidae, Erpobdellidae, and Hirudinidae, the Pisci-

colidae having been treated fully by Meyer (1940, 1946a) and Hoft'-

man (1967). This revision entailed examination of 5,000 specimens

from over 200 collecting stations in 20 states, although most of the

material was from ^Michigan and Illinois. Hundreds of specimens were

examined alive, scores of erpobdellids and hirudinids were dissected,

and numerous serial sections and whole mounts were made of the

glossiphoniids. Excluding the piscicolids, 40 described species were

encountered, plus two new species, and several forms of uncertain

taxonomic status were studied.

For each species a complete American synonymy has been compiled.

The order of presentation in the text follows the chronological order

of the original description of the genera and species within each family

and genus respectively. In the systematic accounts emphasis has been

placed on identification and on a biological as well as morphological

definition of each species. Information is also presented on relative

abundance, distribution, intlividual and geographic variation, and

biology. To facilitate identification, the species and the more common
variants have been illustrated, and the key has employed as many
characters as possible. A full bibliography of the primary literature on

leeches of the United States and Canada, including references to the

piscicolids, is ]n-esented to encourage and aid future investigators.
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Although much work is urgently needed on the internal morphology

of the glossiphoniids, almost all American species in this family can be

accurately identified by numerous external characters alone. Therefore,

for the benefit of the nonspecialist the emphasis in the space allotted

to the Glossiphoniidae has been placed on a critical analysis of the

major variations in pigmentation, papillation, the ocelli, and other

important external characters with which the nonspecialist can quickly

become acquainted. Unfortunately, an understanding of the internal

morphology is necessary for the accurate identification of some of the

erpobdellids and hirudinids, and these families are treated accordingly.

Most of the specimens examined are deposited in my personal col-

lection and that of the Illinois Natural History Survey; some speci-

mens from other sources are so indicated in the text. While most of

the localities are from Illinois and JXIichigan, material has also been

studied from Arkansas, Colorado, Delaware, Florida, Indiana, Kansas,

Kentucky, INIaine, Maryland, Minnesota, Missouri, jXIontana, New
York, Pennsylvania, South Carolina, Tennessee, Texas, and Wisconsin.

In the interest of saving space, locality data to document the records

on the distribution maps are not given here but can be found in Sawyer

(1969).

With the exception of Fig. 37, all illustrations were drawn by the

author.



SYSTEMATIC ACCOUNTS

Family Glossiphoniidae

GENUS GLOSSIPHONIA JOHNSON, 1816

The almost cosmopolitan genus Glossiphonia is represented in North

America by two widely distributed species, Glossiphonia complanata

and (t. hetcroclita, both of which also occur throughout most of

Eurasia. The genus under the names Glossiphonia and Glossosiphonia

has been a catchall for many unrelated groups which were eventually

raised to generic rank: Helobdclla, Placobdella, Batracobdella, and

Theromyzon. A key and catalogue to species and subspecies of Glossi-

phonia can be found in Soos (1966c)

.

For many years the American species of Glossiphonia {"Clepsine^'

elegans Verrill, 1872, and "C." pallida Verrill, 1872) were thought to

be distinct from the European Glossiphonia complanata and G. hetero-

clita respectively, but such workers as Castle (1900a) and Moore

(1901) concluded that Verrill's nominal species were the same as their

European counterparts. The subspecies Glossiphonia complanata mol-

lissima Moore and Meyer, 1951, from Alaska probably represents only

a color variant.
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Glossiphonia complanata (Linnaeus, 1758)

[A full European synonymy can be found in Harding (1910) and Antrum
(1936).]

Hirudo complanata Linnaeus, 1758:050.

Clepsine mollissima : Grube, 1871:87; Aloorc, 1898:547.

Clepsine elegans: Verrill, 1872b: 132, fig. 3B; Verrill, 1873b :387; Verrill,

lS74a:684; Verrill, 1875a:967; Forbes, 1893:218; ^^loore, 1898:548; Moore,

1952:4.

Clepsine pateUiformis: Nicholson, 1S73:493.

Clepsine pallida var. b: Verrill, lS74a:6S4; Verrill, lS74b:623; Moore, 1952:4.

Clepsine pallida: Verrill, lS75a:966.

Clepsine sex-puncto-lineata: Sager, 1878:73.

Clepsine complanata: Graf, 1899:224.

Glossiphonia elegans: Castle, 1900a :46, figs. 5, 11, 28-31.

Glossiphonia complanata: Moore, 1901:493; Moore, 1906:156, fig. 4; Moore,

1912:82, fig. 4; Ryerson, 1915:165; Hankinson, 1916:118; Moore, 1918:652;

Moore, 1920:89; Moore, 1922:7; Moore, 1923:15, pi. IB; Moore, 1924b:

21; Mullin, 1926a: 35, pi. VI, figs. 4-5; Bere, 1929:177; Miller, 1929:10, fig.

2; Bere, 1931:438; Moore, 1936:113; Meyer, 1937a:249; Meyer, 1937b:118;

Aliller, 1937:85; Richardson, 1942:68; Richardson, 1943:89; Mathers, 194S:

397, pis. 1, 4; Pawlowski, 1948:329; Moore and Meyer, 1951:58; Moore,

1952:4; Pennak, 1953:315, fig. 200H; Beck, 1954:74; Meyer and Moore,

1954:67; Oliver, 1958:163; Moore, 1959:548; Paloumpis and Starrett, 1960:

416; Mann, 1961b: 157; Moore, 1964:1; Moore, 1966a: 10; Thomas, 1966:

202; Sawyer, 1967:36; Carlson, 1968:164; Sapkarev, 1968:226; Sawyer,

1968:228; Scudder and Mann, 1968:208; Clifford, 1969:583; Herrmann,
1970:5.

Glossiphonia complanata mollissima: Moore and Meyer, 1951:59.

Glossophiona complanata: Mason et al., 1970:]v323.

Description (Fig. lA). This species is easily recognized by the three

pairs of eyes (Fig. 17A) and by the distinctive dorsal and ventral

pigmentation. It might be confused with Glossiphonia heteroclita, Pla-

cobdella hollensis, and Theromyzon sp. Ho^yever, the three pairs of

eyes in Glossiphonia complanata arc arranged in two longitudinal rows,

and, unlike G. heteroclita, eyes of the first pair are not ordinarily closer

together than the other two. Theromyzon has four pairs of eyes, the

first pair of which can easily be overlooked, whereas PlacobdeUa hol-

lensis has actually one pair of eyes, the two apparent eyes behind them

being metameric pigment concentrations.

A ciiaracteristic pair of strong but narrow dark jiaramedial stripes

extends from the anal region to the anterior neck region, where they

approach each other, and then diverge slightly as they proceed an-

teriorly lateral to the eyes. These stripes and similar ones on the

ventral surface usually remain after preservation, even after other

pigments have faded. Two pairs of metameric paramcdial white dots.
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along with a few other scattered dots, extend from the anal region to

the anterior third of the body. As in Placobdella and Batracobdella,

but not in the allied Glossiphonia hctcroclita, there is a marginal meta-

meric series of dots. Unlike G. heteroclita, which is generally trans-

lucent and unpigmented, G. complcmata is almost always an opaque

brown with white dots and blackish stripes.

Variation. There is slight variation in the size and position of the

eyes, especially the first pair, which may be smaller than the others

and occasionally closer together, approaching the condition in G. he-

teroclita. In some individuals the dorsal paramedial stripes are more or

less continuous, but usually they are interrupted metamerically to

varying degrees by the paramedial pairs of white metameric dots. The
stripes, which are most strongly developed in the anterior third of the

body, may be faded or missing posteriorly. The ventral stripes are

usually continuous but are sometimes irregularly interrupted. The
dorsal dots also vary from small distinct spots to large diffused patches

which may fuse together. The centers of these dots are sometimes

slightly raised, rarely to such an extent that they appear to be small

metameric papillae. The two paramedial rows of dots resemble those

found in Theromyzon sp., Batracobdella picta, and Helobdella lineata,

all of which differ from Glossiphonia complanata in the number of eyes.

The degree of pigmentation varies considerably from one locality to

another. At one extreme, primarily in leafy or muddy situations, are

populations so darkly pigmented that the paramedial stripes may be

almost obliterated by the densely packed, blackish chromatophores.

In such dark individuals the two rows of paramedial dots are almost

always present, often tending to be yellowish rather than white. At

the other extreme, usually along sandy beaches or limestone rocks, are

light-colored populations in which the patterns of white dots may
vary from the typical condition described above to large, indistinctly

fused white patches, obscuring the basic pattern to become an ornate

splotchy design or, rarely, an almost uniform near white. However,

even in such lightly pigmented individuals the anterior portions of the

paramedial stripes can usually be seen. Rarely can an individual be

found in which the paramedial stripes are completely missing both

dorsally and ventrally, and even then the body is opacjue rather than

translucent as in G. heteroclita.

Ecology. Various aspects of the ecology and natural history of

British G. complanata were examined by Mann (1955, 1956, 1957b),

who found tlie species in almost every type of freshwater habitat. In

North America the species feeds iiredominantly on snails. Moore

(1964) found tliat in the laboratory it would feed on Ffiysa hetero-
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stropha and Menetus exacuous but not on Lymnaca cmarginata. In

Michigan I observed it feeding on a Physa while still carrying young,

which, if judged from their filled caeca, had also fed. Thus the young

do not necessarily leave the parent with the first feeding. Individuals

of G. complanata were also found on adult Haemopis grandis and

ErpobdcUa punctata, especially in quiet mud-bottomed ponds and

streams. Its ecology is similar in Europe (Jarry, 1960).

In ^Michigan, as in England (Mann, 1957b) , insemination is by

hy]3odermic implantation of spermatophores, which are often found

on the ventral surface. Brooding individuals have been encountered

by myself and others on the following dates— 5, 19, and 30 April;

8, 18, and 25 May; and 5 and 6 June— suggesting that breeding occurs

primarily in spring. In Michigan most of the individuals laid their eggs

around 30 April, when the water temperature was about 15 °C. Unlike

Helobdella, Batracobdella, and Ocidobdclla, the cocoons are attached

to the substrate, not to the ventral surface of the parent. The eggs are

tightly enveloped in a delicate membranous sac containing little

albumen. On the average each individual produced 6.24 cocoons, each

containing 20.6 eggs (Figs. 6A, B). Mann (1957b) found that in En-

gland a mean of 33 eggs per individual was brooded, in marked con-

trast to the situation in Michigan, where the mean was about 129 eggs.

When forcibly removed, the brooding leeches usually returned to their

own cocoons, but on two occasions they covered cocoons belonging to

another individual.

Distnbution (Fig. 19). GlossipJionia complanata is one of the most

common leeches in North America. It occurs in most parts of Eurasia,

Canada, and the United States, except possibly in the poorly studied

extreme western and southern states. Published records believed valid

are from Alaska, Northwest Territories (Moore and Meyer, 1951),

the southern tip of the Georgian Bay (Ryerson, 1915), British Colum-

bia (Clemens et ai, 1939; Meyer and ]\Ioore, 1954; Scudder and ]\Iann,

1968), Alberta (Bcrc, 1929; Moore, 1964; Clifford, 1969), Saskatche-

wan CNIoore and Meyer, 1951; Oliver, 1958), Ontario (IMoore, 1906;

Faull, 1913; Moore, 1924b, 1936; Meyer and ]\Ioore, 1954; Thonuis,

1966), (Quebec (Meyer and Moore, 1954), Newfoundland, Nova Scotia

(Pawlowski, 1948), New Brunswick, Prince Edward Island (Richard-

son, 1943), Oregon (Mason et al, 1970), Utah (Beck, 1954), Colorado

(Verrill, 1874b; Herrmann, 1970), Iowa (Mathers, 1948; Carlson.

1968), :Minnesota (Moore, 1912), Wisconsin (Verrill, 1875a; Berc,

1931; Sapkarev, 1968), ISIichigan (Adams, 1908; Hankinson. 1916:

Miller, 1937; Sawyer, 1968), Illinois (Moore, 1901; Palounipis and

Starrctt, 1960), Indiana (Moore, 1920), Ohio CMoore. 1906: Miller,
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1929), Pennsylvania (IMoore, 1912), New York (Moore, 1923; Barrow,

1953), Connecticut (Verrill, 1874b; Barrow, 1953), and Massachusetts

(Castle, 1900a). It is known as far south as extreme southeastern

JNIissouri (Meyer. 1937a). -^
'

...

Glossiphonia heteroclita (Linnaeus, 1761)

[A full European svnonvmv can be found in Ilardino; (1910) and Antrum
(1936).!

Hirudo heteroclita Linnaeut^, 1761:364.

Wlepsine swavi'pina: Diesing, 1850:435; Vorrill, lS72b:132; Verrill, lS74a:

685; Moore, 1952:4.

Clepsine pallida: Verrill, lS72b:lol, fig. 3; Verrill, lS74a:684, fig. 2; Verrill,

lS74b:623; Moore, 1952:4.

Glossiphonia heteroclita: Castle, 1900a :42, figs. 19-22, 35-36, 38; Moore,

1906:156; Rvcrson, 1915:165; ^loore, 1918:652; Moore, 1920:89; Moore,

1922:7; Mullin, 1926a:35; Bere, 1931:438; blathers, 1948:397, pis. 1, 4;

Pawlowski, 1948:330; Kenk, 1949:38; Moore, 1952:4; Pennak, 1953:315,

fig. 200G; Meyer and Moore, 1954:67; Moore, 1959:548; Mann, 1961b:

157; Sapkarev, 1968:226; Sawyer, 1968:228.

Description (Fig. IB). This species is characterized by three pairs

of eyes (Fig. 17B), the first pair of which is closer than the two pos-

terior pairs, and by a gelatinous-like translucent body in which is seen

the conspicuous internal organs, especially the crop. It differs from

G. coniplanata in that the eyes of the latter are ecjuidistant in two

longitudinal rows, and the body is invariably opaque with charac-

teristic i)attei'ns on the dorsal and A'entral stu'faces. Glossiphonia he-

teroclita may easily be mistaken at first glance for the more common
Helobdella stagnalis or H. clongata, but it differs from both in the

number of eyes and in having a less elongate body.

Variation. Generally the body is whitish and devoid of pigment, but

some individuals have inconspicuous, fine black chromatophores in

sparse clumps of from one to six. They are situated metamerically from

the anal region to the head, especially along the middorsal line and

along the margins of the posterior part of the body. In other individuals

numerous brownish gland cells can be seen through the body wall. The

eyes of the first pair vary somewhat in size and relative positions. It is

common for one of the eyes to be minute or missing, and both eyes of

the first pair may be missing in an occasional individual.

Ecology. The biology of this species was studied in Wales by Hatto

(1968) and Gruffydd (1965). The latter showed that the species inhab-

its the mantle cavity of the snail Lymnaea pereger from October to

]\Iay, with a peak infestation around .lanuary. During the breeding sea-

son, from May to October, the leeches are free-living. He concluded
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that the life histories of G. heteroclita and Lymnaea pereger are inti-

mately related, but there is as yet no evidence of such a relationship

between G. heteroclita and a snail in North America.

On one occasion I found spermatophores attached to the ventral

surface in the genital region. Individuals I collected on 21 May and

13 July were obviously gravid, suggesting that in the midwcstcrn

United States, as in Great Britain, breeding occurs in the summer.

Castle (1900a) reported that between 11 and 65 eggs are deposited,

depending upon the size of the individual. Various authors (Castle,

1900a; Moore, 1920) have observed that, unlike those of other known
glossiphoniids, the eggs of the species are attached singly (rather than

in membranous capsules) to the A'entral surface of the parent. Hatto

(1968), on the other hand, reports that the eggs are in capsules.

Distribution (Fig. 20). Glossiphonia heteroclita, known from Eurasia

and North America, is represented in the present study by a few indi-

viduals from southern Michigan and northeastern Illinois. Published

records believed reliable include the southern tip of the Georgian Bay
(Ryerson, 1915), Alberta (Moore, 1964) , Manitoba (Meyer and IMoore.

1954), Ontario (Moore, 1906; Faull, 1913), Newfoundland (Pawlow-

ski, 1948), Iowa (Mathers, 1948), Wisconsin (Bere, 1931; Sapkarev,

1968), Michigan (Kenk, 1949; Sawyer, 1968), Indiana (Moore, 1920),

Pennsylvania (Moore, 1906), Connecticut (Verrill, 1874a), and Massa-

chusetts (Castle, 1900a). It is known at present only as far south as

northern Indiana (Moore, 1920), which may merely reflect difficulties

in finding and identifying the species. It has not been previously re-

corded from Illinois.

GENUS BATRACOBDELLA VIGUIER, 1879

(NOT BATRACHOBDELLA CABALLERO. 1931)

The several species of Batracobdella are among the least known of

all the North American leeches. They are small, relatively scarce, and

inadequately described. Three species have previously been reported

from North America: B. paludosa (Carena, 1824), B. picta (Verrill,

1872b), and B. phalera (Graf, 1899). The record for B. paludosa, a

European leech characterized by two pairs of e}' es, a feature not other-

wise found in North American Batracobdella, is based on one specimen

from Newfoundland (Pawlowski, 1948) and, to my knowledge, has

never been confirmed there or elsewhere. Unless more siiecimens are

found, it is best to consider the species as not established in North

America; the other two species are commonly encountered. Their true

systematic positions are still unsettled. For example, Soos (1967) in



10 XORTH AMERICAN FRESH^VATER LEECHES

his excellent review of the genus erroneously reassigned the two species

to Placobdella because of the lack of adequate descriptions. In addition,

a new species of Batracobdella encountered in the present study is

described herein.
"

Batracobdella picta (Verrill, 1872)

Clepsine picta Yerrill, lS72b:r2S; Yerrill, lS74a:67S; Verrill, lS75a:965;

Moore, 1952:3.

Placobdella picta: Moore, 1906:157, fig. 3; Kverson, 1915:166; Moore, 1918:

653; Miller, 1929:10; Bere, 1931:439; Moore, 1936:113; Meyer, 1937a: 250;

Miller, 1937:85; Kenk, 1949:38; Pennak, 1953:315; Soos, 1967:243.

Glossiphonia picta: Moore, 1923:15.

Haementerial {Placobdella) picta: Autvum, 1936:78.

Batrachobdella picta: Richardson, 1949:85; Moore, 1952:3; Barrow, 1953:

197; Beck, 1954:74; Moore, 1959:548, fig. 23.2.

Batracobdella picta: Meyer and Moore, 1954:67; Mann, 1961b: 158; Sapka-

rev, 1968:226; Sawyer, 1968:228; Brockleman, 1969:632; Herrmann,

1970:5.

Description (Fig. 2C). Batracobdella picta is characterized by a

smooth dorsal surface, a single confluent pair of eyes, four series of

white dots, and often a dark middorsal stripe. Usually there are about

15 longitudinal rows of dark chroniatophores, which are especially con-

spicuous along the margins and along the middorsal line, producing the

characteristic middorsal stripe. On preservation, the white metameric

dots and, to a lesser extent, the middorsal stripe may become obscure.

The eyes of B. picta, usually surrounded by a white unpigmented area,

are typically confluent but are separated by a short distance in occa-

sional specimens. In many specimens a variable white transverse stripe

or ring is present in the neck region. This ring may be completely miss-

ing or from one to three annuli wide, when it is as conspicuous as that of

B. phalera or B. michiganeyisis. Earlier keys erroneously separated

B. phalera from B. picta by the white area surrounding the eyes and

by the presence of the ring. Batrocobdella phalera and B. niichiganensis

are both distinguished from B. picta by having a translucent body with

a short conspicuous white bar above the genital region. Some specimens

of B. picta may have a poorly developed middorsal row of dots, and

under ideal lighting conditions metameric white patches can be dis-

cerned along the lateral margins, a feature distinctive in other species

of Batracobdella and Placobdella.

Remarks. A full description of this si)ecies promised by J. Percy

Moore (Meyer and jMoore, 1954:67) was never published, nor were any

notes on the species found among his papers (Meyer, in litt.).

Ecology. This species, which is usually found in small woodland
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ponds, is one of the earliest to appear in the spring. As early as late

March, when ice was still on most of the ponds in ^Michigan, tliey

could be found sluggishly active along the ice-free edges, where the

water temperature was 3.5 °C. Their early appearance and their habit

of aggregating in the shallow warmer water along the edges of the

ponds may be related to the arrival and breeding habits of their am-

phibian hosts. They are often extremely abundant locally and can be

found attached to most, if not all, species of amphibians which frequent

the ponds. They seem to feed exclusively on amphibians but are not

otherwise host-specific. I observed this species feeding on adult Am-
bystoma tigrinum, adult and larvel Bufo americanus and Rana cates-

beiana, and larval Hyla versicolor and H. crucijer.

The importance of B. pictci in regulating natural populations of

amphibians was thoroughly studied by Brockleman (1968, 1969), who

found that the number of young B. picta can be as high as 66 per

scjuare meter; under such high density predation by B. picta is the

largest single source of mortality of the tadpoles of Bufo americanus.

Under seminatural conditions he found that mortality from leech pre-

dation was highest where density of tadpoles was high, rather than

low, which suggests that leeches are differentially attracted to situa-

tions of high tadpole density. The young are found on tadpoles of

moderate to large size, usually attached at the base of the tail, where

they interfere least with swimming. On one occasion I found a young

B. picta feeding on a recently hatched tadpole of Hijlo versicolor only

10 mm long. Even on larger tadpoles they can often kill their hosts

within one to two days.

Barrow (1953) showed that B. picta can play a major role in the

transmission of Trijpeinosoma diemyctyli (Tobey) into the newt

Notophthalmus viridescens. The newt becomes thoroughly infected

with trypanosomes 12 to 16 days after initial infection, and the cycle

is perpetuated when the young of B. picta feed on infected adult newts.

Barrow's observation that feeding by the adult leeches induces them

to breed agrees with my field observations. Mating occurs very early

in the spring, in Michigan as early as the first week in April, when the

water was 5.6 °C. In every case when mating was observed, the spcr-

matophores were attached ventrally in the region of the genital open-

ings. The young were found throughout the sunnncr months on various

larval amphibians, especially Bufo americanus, and there is every in-

dication that the young breed early the next spring.

BatracobdeUa picta has been found on rare occasions in tlie dorsal

subcutaneous lymph spaces of Reina catesbiana (Richardson, 1949).

The regulation of ])()pulation density, the transmission of tryjiano-
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somes, and the occurrence of endoparasitisni indicate that B. picta has

developed an intricate relationshi}-) with anijihibians of long evolu-

tionary standing.

Distribution (Fig. 20 1. BatracobdcUa picta is a widely distributed

species which is relatively unconnnon but often locally abundant. It is

known from Colorado (Herrmann, 19701, Utah (Beck, 1954), south-

eastern Missouri (]\Ieyer, 1937a), Wisconsin (Bere, 1931; Sapkarev.

1968), southern Georgian Bay (Ryerson, 1915), Ontario (Faull, 1913;

]\Ioore, 1936), Quebec (Richardson, 1949; Meyer and Aloore, 1954),

New York CMoore, 1923; Barrow, 1953), Connecticut (Verrill, 1874a;

Barrow, 1953), :\lichigan (^liller, 1937; Kenk, 1949; Sawyer, 1968),

and Ohio (]Moore, 1906; Miller, 1929). It has not been previously

recorded from Illinois.

Batracobdella phalera (Graf, 1899)

Clepsine phalera Graf, 1899:354, figs. 11(3-11S.

Placohdella phalera: Moore, 1906:157; Ryerson, 1915:166; Moore, 1918:654;

Moore, 1922:7; Moore, 1923:15; Baker," 1924:109; ^lullin, 1926a: 55; Miller,

1929:10; Bere, 1931:437; Miller, 1937:90; Richardson, 1942:68; Richard-

son, 1943:90; blathers, 1948:397, fig. 2; Pawlowski, 1948:318; Pennak,

1953:315; Meyer and Moore, 1954:84.

Placohdella phaleria: Mullin, 1926a:36.

Haementeria {Placohdella) phalera: Antrum, 1936:77, fig. 50.

Batrachohdella phalera: Moore, 1959:548.

Batracobdella phalera: ^lann, 1961b: 158; Sapkarev, 1968:226; Herrmann,

1970:5.

Description (Figs. 2D, E). Batracobdella phalera is characterized by

three series of dark dorsal papillae, a convex translucent body, a white

bar on the dorsum above the genital area (sometimes with another

bar about two-thirds of the way caudad
)

, and a conspicuous white

anal patch. The body is sometimes flattened, and there may be a

darkly pigmented stripe along the middorsal row of papillae and darkly

pigmented metameric markings along the margins. It is distinguished

from B. picta by the white metameric markings along the margins, the

dorsal papillae, the convex translucent body, and the absence of the

four series of metameric dots.

Remarks. A poorly known species, B. phalera was originally de-

scribed from Falmouth, Massachusetts (Graf, 1899), reportedly para-

sitic on the common musk turtle iSternothaerus odoratiis). But para-

sitism of turtles is a characteristic of Placobdella, not Batracobdella,

the amphibian leeches, which suggests that Graf may have described

a species of Placobdella. To my knowledge the leech as described has

never been reported since, but a superficially similar leech from western
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Lake Erie has become somewhat doubtfully accepted as the name-

bearer of B. phalera (see Moore, 1906). The species found in the pres-

ent study closely resembles Moore's species but differs in having few

or no papillae along the margin of the hind sucker. JMost specimens

examined had three dorsal rows of dark-tipped papillae, but a few

had unpigmented paramedial rows of papillae, appearing as white dots.

In addition, there was a much more conspicuous dark brown mid-

dorsal stripe from segments VIII to XII (Fig. 2E)

.

Ecology. Whereas B. picta inhabits small woodland ponds, B. phalera

is found only along the edges of much larger bodies of water such as

lakes and rivers. Except for questionable reports of the occurrence of

B. phalera on a turtle (Graf, 1899) and on a bluegill (Berc, 1931), the

hosts of this species arc unknown. The occurrence of brooding individ-

uals on 6 June and 22 July, when the water temperature was 21-22.5°C,

suggests that this species breeds in mid-summer, unlike B. picta. Sum-

mer breeding in B. phalera is further corroborated by the obserA^ations

of :\Ioore (1922) and Mathers (1948). On 15 August in Nova Scotia

the former author found a brooding individual with four cocoons, each

containing four to six eggs.

Distribution (Fig. 21). Batracobdella phalera apj^ears to be widely

distributed and reasonably abundant around the Great Lakes. Pub-

lished reports believed valid are from Manitoba (Meyer and Moore,

1954), the southern tip of the Georgian Bay (Ryerson, 1915), Ontario

(Moore, 1906; Faull, 1913), Nova Scotia (Pawlowski, 1948), Colorado

(Herrmann, 1970), New York (Moore, 1923), Iowa (Mathers, 1948),

Wisconsin (Baker, 1924; Sapkarev, 1968), and Ohio (Moore, 1906;

Miller, 1929). The discovery of specimens of this species from Illinois

and Michigan in the present study represents the first records for those

states.

Batracobdella michiganensis, new species

Type-Locality. St. Joseph County, ^Michigan (Mill Creek at Young's

Prairie Road, 3.5 miles south of Michigan State Highway 60) . Types

deposited in Charleston (S.C.) Museum. Holotypc: 71.20.1. Paratype:

71.20.2.

Description. On 28 ]\Iay 1967 eight specimens of this small unde-

scribed species, only the diagnostic characters of which will be pre-

sented here, were found in St. Joseph County, Michigan. They are

characterized by being excessively flattened, shaped like Sali.r leaves,

rather ])ale and translucent (Fig. 2A). The eyes are fused in some

individuals, barely touching in others. In addition to the white margins.



14 NORTH AMERICAN FRESHWATER LEECHES

each has five distinct longitudinal rows of white prominences, sur-

rounded by yellowish dots equidistant from each other longitudinally

and transversely, and many fine longitudinal and transverse stripes,

giving a uniformly checkered appearance. There are four white patches

dorsally, one less than in most B. phalera, the first around the eyes,

the second forming a ring around the neck (in such a way as to isolate

a darkly pigmented band behind the eyes) , the third in the general

region of the clitellum, and the fourth in the anal region. The ventral

surface is generally unpigmented, except for fine longitudinal stripes

and the dorsal yellow dots, which are visible through the translucent

body. These leeches were about 6 mm long, with a circular hind sucker

0.75 mm in diameter. Judged from the numerous well-developed eggs

in the ovisacs, they were probably sexually mature. Complete trans-

verse serial sections of the paratypc, cut at 10 ft and stained with

eosin and Ehrlicli's haematoxylin, revealed six pairs of testes, the first

pair being displaced somewhat anteriorly. Reconstructions of the diges-

tive and reproductive systems of the types are substituted for a lengthy

verbal description of these systems, which are typical of the genus

(Fig. 2B).

Unlike B. pJialcra and B. picta, B. michiganensis has five series of

slightly raised metameric dots, including a middorsal series. It differs

from B. picta in its smaller size, the absence of a middorsal stripe, the

presence of white patches in the clitellar, genital, and anal regions, and

the presence of a middorsal series of metameric dots and metameric

markings along the margins. It differs from the various species of Pla-

cobdella by the distinctive metameric markings and by the absence

of distinct papillae, although it has slightly raised metameric dots

which could be taken for papillae. It differs from PlacobdeUa papilli-

fcra, with wliich it was found, in having a translucent body, confluent

eyes, and white patches in the neck, clitellar, and anal regions.

GENUS THEROMYZON PHILIPPI, 1884

There is considerable confusion concerning the systematics of the

various North American species of Theromijzon, the true bird leeches.

The earliest record is a vague description by Baird (1869) of Glossi-

phonia rudis from Great Bear Lake. Glossiphonia rudis was known

only from the original descrijition until it was rediscovered, again

from Great Bear Lake, by ]Moore and INIeycr (1951), who showed that

the gonopores were separated by three annuli. A second species, Clep-

sinc occidentalis, which was described from Colorado by Verrill in

1874, was subsecjuently characterized by having only two annuli be-

tween the gonopores (^Nloorc, 1912, 1918; Pennak, 1953). For almost
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70 years almost all North American Theromyzon were identified as

T. occidentalis until the rediscovery of T. rude strongly suggested that

Verrill's occidentalis was actually identical with T. rude, a species

apparently characteristic of the Rocky Mountain area. The form with

two annuli, which appears to be characteristic of the Alississippi River

Basin, has been given the same name as a similar European leech,

T. meyeri (Livanow, 1902). A third species, T. tessulatum, which is

distinguished by the gonopores being separated by four annuli, is

characteristic of Eurasia but has been reported from North America

(Pawlowski, 1948; Oliver, 1958; Herrmann, 1970).

The presence of three distinct species in North America is assumed

by Oliver (1958), who reported without comment all three species from

Saskatchewan. Considering the ease with which these leeches can be

transported by birds, it is more likely that they are all A'ariants of the

same species, which may or may not be the same species as the Euro-

pean T. tessidatum. The validity of separating T. rude and T. meyeri

solely on the basis of the number of annuli between the gonojiores is

open to serious question, especially after ]\Ieyer and Aloore (1954:85)

reported that the gonopore separation is subject to some variation.

Until this problem is critically examined, it is best to treat separately

the two distinctly American forms, T. rude and T. meyeri.

Theromyzon rude (Baird, 1869)

Glossiphonia rudis Baird, 1869:317; Autrum, 1936:46.

ICIepsine occidentalis: Verrill, lS74a:6S5; Verrill, lS75a:966: ^Nloore, 1952:4.

Theronujzon occidentcdis : Bare, 1929:177; Fredeen and Shemanchuk, 1960:733.

Tlieromyzon rude: ]\Ioore and Meyer, 1951:60; Moore, 1952:4; ]\Iever and

Moore, 1954:84, pi. 1, fig. 3; Ohver, 1958:163; Moore, 1959:548, fig. 23.1;

Mann, 1961b: 155; Moore, 1964:1; Hagadorn, 1966a: 288; ^loore, 1966a: 10;

Scudder and ^lann, 1968:208; Herrmann, 1970:5.

Remarks. I recently found Baird's type in the British ^Museum

(Natural History) with the following label: "Glossiphonia rudis Baird,

1869. Type, 1849:10:29:1. Loc: Great Bear Lake, N. America, Pres:

Sir J. Richardson, :\I.D., Ref: Proc. Zool. Soc. London, 1869, p. 317."

In the vial were two specimens, apparently belonging to different

species. One specimen closely resembles Placobdella ornata, with eacli

annulus covered with numerous papillae, a middorsal row, and a paired

paramedial row of papillae being somewhat larger than the others. Only

one pair of eyes could be seen, and the gono]:)ore separation was

obscured.

In the second specimen only three pairs of eyes could be seen, the

anterior pair being closer than the other two pairs. The specimen had

faded, and the anterior tip of the head was folded into tlu> sucker
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cavity; if another i)air of eyes existed, it may well have been obscured.

The dorsal surface had two pairs of paramedial dots or prominences,

in addition to some smaller prominences, on the neural annulus.

The presence of two specimens belonging to different species in the

vial strongly suggests the possibility that Baird based his brief des-

cription on both specimens. Two points in the original description

corroborate this: "roughly annulated, each ring armed with a series of

tubercles along its surface" applies only to the PlacobdeUa ornata-

like specimen, whereas "eyes ? six in number (as far as could be made

out)" applies only to the Thero77iyzon-\ike specimen.

The occurrence in the midwestern United States of a Theromyzon

with three annuli between the gonopores has never been substantiated,

but such a form, which may or may not be distinct from T. meyeri,

may eventually be found. Although the known distribution of T. rude

is sketchy, it appears to ])e characteristic of the Rocky Mountain and

Great Basin regions (Herrmann, 19701, i)ossibly associated with well-

established bird migration routes. Detailed examinations of neuro-

secretion and its role in reproduction have been made on this species

(Hagadorn, 1958, 1961, 1962, 1966; Hagadorn et al, 1963). Certain

neurosecretory cells in the brain of T. rude have an annual cycle of

secretion, correlating with spermatogenesis and showing a peak in the

spring and early summer months. Other aspects of the natural history

of this species, which is known to infest many species of water birds,

have been investigated by Meyer and Moore (1954) and Moore (1964.

1966a), but an exhaustive study is lacking. There is little doubt

that T. rude, like its European congenitor, T. tessulatiim, can be a

cause of morbidity and mortality of young waterfowl, but the eco-

nomic significance of this problem requires critical examination.

Theromyzon meyeri (Livanow, 1902)

Protoclepsis meyeri Livanow, 1902:339.

Hemiclepsis occldentolis: ?^Ioore, 1912:96, fig. 12; ?OHver, 1958:163; ?Moore,

1964:8.

Protoclepsis occidentalis: Moore, 1918:654, fig. 999; ?]^loore, 1922:7.

Theromyzon occidentale : Autrum, 1936:45; ?Mathers, 1948:397, pis. 2, 4;

Pennak, 1953:315, fig. 200J; ?Meyer and Moore, 1954:66; Oliver, 1958:163.

Theromyzon occidentalis : Sooter, 1937:108; Pvichardson, 1943:89; Richardson,

1949:85; ?Moore, 1964:8.

Theromyzon meyeri: Moore, 1959:548, fig. 23.1; Alann, 1961b:155; Moore,

1964:1; ?Moore, 1966a: 10; Sawyer, 1968:228.

Description (Fig. IC). In spite of some variation in the body shape

and dorsal pigment pattern, this species is immediately distinguishable

by the four pairs of eyes (Fig. 17D). Unfed relaxed specimens can
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often be recognized at a glance by the broad blunt head, which is

about the same width as the neck. After engorgement with blood, the

usually flattened body can become severely distorted to a globular or

sausage shape. The dorsal pigmentation varies in the number and the

distinctness of the yellow dots and relative abundance of dark chro-

matophores. The illustrated specimen from Michigan had only two

pairs of small faded dots, although there was a vague hint of a margi-

nal pair, and many conspicuous dark chromatophores were scattered

throughout the dorsal and ventral surfaces. On the other hand,

another specimen from Michigan had a brilliantly colored dorsal

pattern of large yellow dots, each almost the width of an annulus, on

a uniform light brown background which contained few dark chromato-

phores except at the margins and on the ventral surface. In addition

to the two pairs of paramedial dots, there was a pair of marginal dots,

a less distinct middorsal row, and a circular row near the margins of

the hind sucker, as well as a few scattered dots on the dorsum.

Ecology. In contrast to T. rude, very little is known about the gen-

eral biology of T. meyeri. Sooter (1937) reported that T. occidentale

{?T. meyeri) from northwestern Iowa infested young waterfowl in

July and August so heavily that mortality resulted from obstructions

of their air passages. The known hosts for T. meyeri are the coot

[FuUca americana]
,
pied-billed grebe (Podilymbus podiceps) , and

blue-winged teal {Querquedida discors) (Sooter, 1937). On 4 June

1967 a Michigan specimen that had been brought into my laboratory

several days earlici' deposited seven cocoons in a straight row along the

side of a glass container. From anterior to posterior each cocoon con-

tained 20, 27, 29, 33, 23, 28, and 20 eggs, or 209 eggs in all, which

suggests that T. meyeri, like T. rude, has a high reproductive potential.

Each cocoon was attached individually to the glass substrate by means

of a short pedicel and base and resembled those reported for T. rude

by Meyer and Moore (1954), except that the cocoons were not joined

at their bases. The parent was positioned over the cocoons and was

not attached to them in any way. Both the oral and caudal suckers

were attached to the substrate, while the cocoons were ventilated by

periodic downward inflections of the sides of the body, each cocoon

bouncing freely on its stalk. Occasionally the inflected sides of the

body gripped the cocoons, and the whole body (excluding the caudal

sucker) pulled the stalked cocoons somewhat caudad. The ventilatory

motion was then resumed with both suckers attached to the substrate.

The parent covered the eggs for six days, but the eggs subsequently

failed to develop. On 20 June 1967 a !)rooding individual of T. meyeri
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with large numbers of young attached to its ventral surface was en-

countered in southwestern Michigan (water 25.5 °C)

.

Distribution (Fig. 21). A species of Theromyzon, thought to be T.

m.eycri and represented in the present study from a few localities in

INIichigan and Illinois, has previously been reported from South

Dakota (IMoore and Meyer, 1951), Minnesota (Moore, 1912), Iowa

(Sooter, 1937; Mathers, 1948), Michigan (Sawyer, 1968), Saskatche-

wan (Oliver, 1958), and Prince Edward Island (]\loore, 1922). Some

of these records may be confused with the more western T. rude, with

which it may prove identical.

GENUS PLACOBDELLA BLANCHARD, 1893

Some authors consider that Haementeria de Filippi, 1849, has pri-

ority over Placobdella Blanchard, 1893, but Autrum (1936) established

PlacobdcUa as a subgenus of the European genus Haementeria. There

has been such overwhelming acceptance of Placobdella as a full genus

by North American hirudinologists that the designation will be fol-

lowed here. Placobdella is well represented in North America with

seven species; except for P. pcdiculata and P. montijera, they feed

primarily upon turtles.

Some, if not all, of our Placobdella can swim, at least when young.

Placobdella hollensis is a strong swimmer even as adult, and the young

of P. ornata and, to a lesser extent, P. parasitica, can swim for short

distances. According to jNIoore (1912:96), P. montijera is also able to

swim.

The degree of papillation in the various species of Placobdella

depends on whether the individual is starved or full when killed and

upon the method of preservation. The papillae are more likely to be

protruded if the living animal is placed suddenly into preservative

without prior relaxation.

Placobdella parasitica (Say, 1824)

Hirudo parasitica: Say, 1824:14; Moore, 1952:8.

Clepsine parasitica: Diesing, 1850:450; Verrill, 1872b: 128; Verrill, lS74a:

678; Whitman, 1891:407; Moore, 1952:3.

Clepsine inarmorata: Sager, 1878:73.

Clepsine chelydra: Whitman, 1891:418.

Clepsine plana: Whitman, 1891:411, pi. XIV, figs. 1-7, pi. XV, figs. 1-3;

Whitman, 1892:392; Bristol, 1898:55; Castle, 1900a: 51, figs. 6, 32, 37;

Moore, 1952:8.

Glossiphonia parasitica: ]\loorc, 1898:548; Castle, 1900a :51.

Clepsine parasita: Graf, 1899:225.

Clepsine chehjdrae: Castle, 1900a :51; Moore, 1952:8.



SYSTEMATIC ACCOUNTS 19

Glossiphonia parasitica var. plana: Castle, 1900a: 51.

PlacobdeUa parasitica: Moore, 1901:480, figs. 1, 4; Ward, 1902:278; Moore,

1906:157; Hankinson, 1908:232; Moore, 1912:84, figs. 7, S; Cahn, 1915:

123; Ryerson, 1915:166; Moore, 1918:653, fig. 998; Evermann and Clark,

1920:304; Moore, 1920:90; Moore, 1922:7; Moore, 1923:15, pi. ID; Mul-
lin, 1926a :35, pi. IV, fig. 2, pi. V, fig. 3, pi. VI, figs. 1-3; ^Iiller, 1929:10;

Bere, 1931:439; Myers, 1935:618, figs. A, 1-lS; Moore, 1936:113; Meyer,

1937a: 249; Miller, 1937:85; Townes, 1937:167; Richardson, 1942:70;

Smith, 1942:410; Mathers, 1948:397, pi. 2; l^awlowski, 1948:329; Kenk,

1949:38; Moore, 1952:3; Moore, 1953:4; Pennak, 1953:315; Meyer and

Moore, 1954:84; Oliver, 1958:163; Moore, 1959:550, figs. 23.2, 23.4; Mann,
1961b: 159; Moore, 1964:1; Moore, 1966a: 10; Patrick et a/., 1966:343;

Sawyer, 1967:33; Sapkarev, 1968:226; Sawyer, 1968:228; Meyer, 1969:161;

Herrmann, 1970:5.

Haementeria {PlacobdeUa) parasitica: Antrum, 1936:69, fig. 46; Pawlowski,

1948:329.

Description (Fig. 3C). This species is most reliably recognized by

the eight to twelve dark longitudinal stripes on the venter, although

these may have faded in specimens preserved for some time in alcohol.

The dorsum is characterized by great variation of the pigment pattern,

probably no two specimens being exactly alike. Basically, there are

tw'o main types of dorsal pigmentation, the distinction of which is

somew'hat arbitrary because intermediate forms do occur. One, similar

to that illustrated in Fig. 3C and found in approximately 60 percent

of the specimens, is characterized by a broad cream-colored middorsal

stripe w'hich bulges laterad in five or six places between the neck and

anus. Betw'een this broad stripe and the margins are irregularly shaped

cream-colored patches which are more or less metamerically arranged

and are often irregularly fused with one another. The second type,

found in 30 percent of the individuals, is characterized by a much
narroW'Cr cream-colored stripe which bulges laterad only slightly, if

at all. The regions between this stripe and the margins are larger, more

pigmented w^th brown, and have a distinct row of smaller metameric

dots, rarely fusing into one another. The occurrence of neither form

could be correlated with geographical distribution, habitat, or time of

year collected. Two other jiattern types were also encountered on only

one or two occasions: one found in northeastern Illinois had a con-

tinuous narrow middorsal brown stripe flanked on either side by seven

or eight smaller darkish longitudinal stripes, much like that typically

found on the venter of this species. The other, encountered in western

Pennsylvania, had no middorsal stripe at all and was covered dorsally

with scattered, irregularly shaped cream-colored patches, whereas the

venter had the longitudinal stripes typical of the species.

Most specimens had a smooth dorsum, but some were found with
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varying degrees of i^apillation. None, however, even approached the

condition found in most P. ornata. The dorsum of living P. parasitica

is a mixture of green, cream-colored, and reddish-brown pigments, but

most preserved specimens had only the latter two because the green

pigment quickly dissolved in alcohol. The species has the ability to

change quickly from a dark green to a dark brown after collection.

The mechanism of color change in this species was examined by

Smith (1942).

Ecology. Although it has been known to attack other hosts occa-

sionally, such as the tadpoles of Rana pipiens (Meyer and ]Moore,

1954) and fish (Ryerson, 1915; Pearse, 1924), P. parasitica feeds pre-

dominantly upon turtles, especially the snapping turtle iChelydra

serpentina) . It is, in fact, the most commonly encountered leech on

turtles in the northern United States and Canada, the known turtle

hosts including Chelydra serpentina, Chrysemys picta, both the sub-

species belli and tnarginata, Sternothaerus odoratus, Graptemys geo-

graphica, Pscudemys scripta, ClenDnys guttata, and Emydoidea

blandingi.

Detailed behavioral and cytological studies on the process of sper-

matophore implantation were made by Myers (1935) and Whitman
(1891). Placobdella parasitica mates so readily that sometimes within

minutes after collection one or more spermatophores can be found on

their backs. On one occasion each I observed in the laboratory inter-

specific matings of this species with Batracobdella picta and Haemopis

niarmorata.

Adult P. parasitica leave their turtle hosts to become free-living

during the breeding season in late summer, at which time and only

then they are among the most commonly collected leeches in shallow

water. At other times of the year they are usually on the hosts. Free-

living brooding individuals have been found by myself and others on

the following dates: 15 March, 3 ^vlay, 1 June, 22, 23, and 31 July, 1,

6, 10, 13, and 26 August, 30 November, and 19 December, which sug-

gests that although they can breed from early s]iring until early winter,

they breed i)re(lominantly in .July and August. The thin-walled cocoons

are deposited on the substrate, never attached to the venter of the

parent. The cocoons are then covered tenaciously and ventilated by

the parent, which does not leave them until the eggs hatch, excejit on

rare occasions. After the eggs hatch, the young attach themselves by

their hind suckers to the venter of the adult and are then carried about

freely. Usually the parent with attached yoimg remains free-living,

but brooding individuals rarely occur on turtles. It is, however, im-

probable that the cocoons are ever attached to the host itself.
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The species is able to lose 92 percent of the water in the body and

still survive (Hall, 1922).

Distribution (Fig. 22) . Placobdella parasitica is abundantly and

widely distributed throughout north-central and eastern United States

and southern Canada, being especially abundant in the Great Lakes

region. This species, which is not yet known from the western states,

is uncommon in the southern United States and most of Canada. In

Canada its range is probably limited by the availability of its turtle

hosts, especially the snapping turtle (Chelydra serpet^tina) . The some-

what dubious record from Nicaragua (Moore. 1898) remains uncon-

firmed.

Published records believed valid include Alberta Qloore, 1964), Sas-

katchewan (Oliver, 1958), Ontario (Moore, 1906, 1922, 1936; Faull,

1913; Ryerson, 1915), Colorado (Herrmann, 1970), South Dakota

(Moore, 1898), Nebraska (Ward, 19021, Kansas (Castle, 1900a), Iowa

(Mathers, 1948), Minnesota (Moore, 1912), Wisconsin (Cahn, 1915;

Bere. 1931; Sapkarev, 1968), ^lichigan (Hankinson, 1908; Miller,

1937; Kenk, 1949; Sawyer, 1968), Illinois (Castle, 1900a; Moore,

19011, Indiana (Moore, 1898, 1920), Ohio (Miller, 1929) , Pennsylvania

(Moore, 1912), New York (Moore, 1923; Barrow, 1953), Connecticut

(Verrill, 1874a; Barrow, 1953) , Massachusetts (Whitman, 1891; Castle.

1900a), IVIaine (Verrill, 1874a), southeastern Missouri (Moore, 1898;

Meyer. 1937a), Tennessee (IVIoore. 1898), Louisiana (Sawyer, 1967),

and Georgia (Patrick et al., 1966). The discovery of specimens of this

species from Arkansas, Kentucky, and South Carolina in the present

study rejiresents the first records foi- those states.

Placobdella ornata (Verrill, 1872)

(not Placobdella ornata Oka, 1929)

Clepsine ornata Verrill, lS72b:130; ^crrill, ls74a:(iS0; ^'cr^ll, 1874b: 623;

Verrill, 1875a :962; Moore, 1952:3.

Clepsine ornata var. stellata: Verrill, 1874a: 681; Verrill, lS75a:962.

Clepsine ornata var. rugosn: Verrill, 1874a :681; Verrill, 1875a:964.

^Crlossiphonia parasitica var. ritgosa: Castle, 1900a:51, figs. C, 33.

Placobdella rugosa: Moore, 1901:487, figs. 2-3; Ward, 1902:278; :Moore,

1906:157; Hankinson, 1908:232; ^looro, 1912:86, figs. 6, 9; Andrews,

1915:200; Ryerson, 1915:166; Hankinson, 1916:118; .Aloore, 1918:654;

Moore, 1920:90; Kraatz, 1921:150; Moore, 1922:8; Moore, 1923:15; Mnl-

lin, 1926a: 36, pi. IV, fig. 3; Bere, 1929:177; Aliller, 1929:10, fig. 5;

Rawson, 1930:35; Bere, 1931:437; Moore, 1936:113: Meyer, 1937a: 249;

Meyer, 1937b: 118; Miller, 1937:85; Richardson, 1943:90; Mathers, 1948:

397, pi. 2; Pawlowski, 1948:318; Kenk, 1949:38; Moore, 1952:3; Pennak,

1953:315; Mcver and Moore, 19.54:84; Mann, 19611):1.59: Patrick ct al..

1966:343.

Haementeria {Plarobdella) rugosa: Antrum, 19;)6:61.
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Placohdella ornata: Aloore, 1952:3, figs. 1-3; ^loore, 1959:550; Mann, 1961b:

159; Aloore, 1964:1; Thomas, 1966:202; Sawyer, 1967:33; Sapkarev, 196S:

226; Sawyer, 196S:22S; Scudder and Mann, 1968:208; Herrmann, 1970:5.

?PlacobdeUa multilineata: Beck, 1954:74.

Description (Fig. 3E). Placohdella ornata is best distinguished by a

wide brown band down the middorsal line, intemipted four or five

times between the neck and anus. Characteristically, the dorsum is so

heavily papillated as to appear warty. Each annulus has about 16-20

papillae of various sizes, being larger and more conspicuous in the

posterior third of the back and toward the middorsal line. However, in

some specimens a metameric pattern of papillae, somewhat like that of

P. papillifera, can be distinguished: a single middorsal row and two

pairs of paramcdial rows of larger white-tipped i)apillae located on

every third annulus. The marginal pigment pattern found in most

members of the genus is the only pigment pattern on the dorsum ; it is

a mixture of faint green, dark brown, cream, and sometimes yellow

and rusty brown. In some specimens a concentration of brown pigment

occurs in the head and neck regions, superficially resembling the ac-

cessory eyes of P. hollensis. Although the venter, and in some speci-

mens the dorsum, is generally mottled by numerous irregularly spaced,

fine dark clu'omatophores, it is common to find individuals which have

few or no such chromatophorcs. The general shape of resting specimens

is flattened and lanceolate, but some unusually large individuals may
be ovate-lanceolate with convex backs. Most individuals lack small

papillae on the hind sucker, but occasionally a warty specimen may
have conspicuous papillae on the sucker, resembling those found on

P. papillifera.

Ecology. Although other hosts have been reported, such as the rock

bass (Anibloplites rupestris) by ]\Ioore (1906) and the baldpate

(Marcea americana) and the coot iFulica americana) by Moore

(1966a), this leech feeds predominantly on turtles, but not to the

extent of P. parasitica. The known turtle hosts include Chelydra

serpentina, Sternothaerus odoratus, Chrysemys picta, Trionyx spini-

ferus, Trionyx muticus, Pseudemys scripta, and Terrapene Carolina.

]Much less is known about reproduction for this common species than

for P. parasitica. Insemination is by hypodermic injection of spermato-

phores, and it is not uncommon to find recently collected individuals

with spermatophores attached dorsally and sometimes ventrally. It

appears to breed somewhat earlier than P. parasitica. Brooding indi-

viduals have been found by myself and others on the following dates:

22 April, 21 May, 6 (three times) and 28 June, 1 (twice), 6, 7, 13, 25,

and 30 July, 7, 14, 15, and 18 August, 1 September, and 5 October,
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which suggests that although they can breed from spring until autumn,

they breed predominantly during June, July, and August. Unlike P.

parasitica, P. ornata is commonly encountered off the turtle hosts at

any time of the year.

On 22 April, 13 days after it was collected from a small stream in

southeastern Michigan (water 12°C), a large (4 cm) individual de-

posited 80 eggs which were tightly enA^eloped in five sheath-like mucoid

capsules or membranes, containing 26, 25, 19, 7, and 3 eggs and at-

tached to the glass substrate at only one point. Other authors have

reported as many as 95 young for this species (Moore, 1964). Like P.

parasitica, the parent covered the young until they hatched on 8 May,

after which they were carried about on the underside.

Distribution (Fig. 23). Placobdella ornata is abundantly and widely

distributed throughout the northern United States and Canada. It is

represented in the southern states by the common, closely allied form,

P. multilineata, but its occurrence in the far western states has not

been well documented. Published records believed valid include Alberta

(Bere, 1929; Moore, 1964), British Columbia (Scudder and Mann,

1968), Manitoba (:\Ieyer and Moore, 1954), Ontario (Aloore, 1906,

1936; Ryerson, 1915; Rawson, 1930; Meyer, 1937b; Thomas, 1966),

Quebec (Moore, 1922), Nova Scotia (Moore, 1922), Colorado (Ver-

rill, 1874b; Herrmann, 1970), Kansas (Castle, 1900a), Nebraska

(Ward, 1902), Iowa (Mathers, 1948), ^linnesota (Moore, 1912), Wis-

consin (Andrews, 1915; Bere, 1931; Sapkarev, 1968), ^Michigan

(Hankinson, 1908, 1916; Miller, 1937; Kcnk, 1949; Sawyer, 1968),

Missouri (Meyer, 1937a), Illinois (Castle, 1900a; Moore, 1901; Baker,

1922), Indiana (Moore, 1920), Ohio Cvloore, 1906; Kraatz, 1921;

Miller, 1929), Pennsylvania (Moore, 1906), New York (Moore, 1923;

Barrow, 1953), Connecticut (Verrill, 1874a; Barrow, 1953), and Mas-
sachusetts (Castle, 1900a). Reports of forms closely resembling and

possibly identical with this species have also been reported from Utah

(Beck, 1954), New Mexico (Verrill, 1875a), and :\Icxico (Caballero,

1940).

Some of the published records for this species may have been con-

fused with P. multilineata, P. paplllifcra, or P. hollcnsis, all of which

closely resemble P. ornata.

Placobdella papillijera (Verrill, 1872)

Clepsine papUlifera Verrill, 1872b: 130; A'errill, lN74a:(3S3; ^'orriIl, lS75a:

965; Moore, 1952:3.

Placobdella papillifera: Aloorc, 1952:3; Ahn-cr and Modi'c, 1954:<si; Mann,
1961b: 159; Aloore, 1964:1; Moore, 1966a: 10.
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Description (Fig. 3F). Placobdella papillifera, which varies from

deep green to light brown, superficially resembles the more common
P. ornata, from which it differs in several important respects. The body

shape of the latter is generally flattened and lanceolate, whereas the

body of P. papillifera is ovate-lanceolate and more convex dorsally.

The papillae of P. papillijera are large, white-tipped, pointed, and re-

stricted to five (sometimes seven) metamcric rows. Any other papillae

on the dorsum are irregularly arranged, small, and inconspicuous. In

contrast, the papillae of P. ornata are moderately large, rounded, and

occur over most of the back in no obvious metamcric jnittern, each

annulus having 16-20 papillae. In some P. ornata, however, some

l)apillae are larger, more white-tipped, and arranged in five metamcric

rows, thus resembling P. papillifera. In such specimens the most reliable

characters for identification are the dorsal and ventral pigmentation

jiatterns. Preserved P. papillifera have a continuous, or sometimes

slightly interrupted, dark middorsal stripe encompassing the median

row of papillae. On either side of this stripe and medial to the next pair

of papillae is a characteristic whitish or somewhat bluish stripe which

fuses with its counterpart at the neck, demarcating the anterior end of

the brownish medial stripe. This stripe is rarely undeveloped, so that

a single bluish stripe covers most of the region between the first pair

of jiaramedial i)ai)illae, including the medial row. There is another,

usually less distinct, pair of bluish stripes just medial to the second

pair of papillae. In the neck region there is usually a suggestion of a

white band wliich is not found in P. ornata. The latter has a char-

acteristic dark brown interrupted middorsal stripe, but it is usually not

flanked on either side by a white or bluish stripe and usually has no

other indications of longitudinal pigmentation. Ventrally, the pig-

mentation of P. papillifera is characterized by two pairs of wide

bluish longitudinal stripes, somewhat resembling the ventral stripes

found in P. parasitica. There are no small dark chromatophores so

characteristic of P. ornata, nor is there a midventral stripe. On the

hind sucker of P. papillifera is a single row of papillae of uniform size

but subject to variation between individuals.

Ecology. Individuals with young attached by their hind suckers to

the ventral surface of tlie parent were found in southern Michigan on

28 May and 6 June 1967 (water 21 °C). The only known host is the

musk turtle iSternothaerus odoratus)

.

Distribution (Fig. 24j. Published records for P. papillifera, a poorly

known species that is well represented in the j^resent study from

southern Michigan, had previously included only Alberta (Moore,

1964), Manitoba (Meyer and Moore, 1954), and Connecticut (Verrill,
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1872b) . It is much more common than published accounts would indi-

cate and has probably been confused often with the remarkably similar

P. ornata. The present records for Illinois and Michigan are the first

for those states and, indeed, are the first well-established records for

the United States.

Placobdella hollensis (Whitman, 1892)

Clepsine hollensis Whitman, 1892:385, pis. 39-40; Graf, 1899:224, fig. 110;

Castle, 1900a: 53.

Placobdella hollensis: Aloorc, 1906:157; ^loore, 1912:94, fig. 11; Aloore, 1918:

654; Mullin, 1926a :36, ]^\. IV, fig. 1; Mathers, 1948:397; Pennak, 1953:

315, fig. 200E; Moore, 1959:550; Mann, 1961b: 159; Sawyer, 1968:228.

Haementeria {Parabclella) hollensis: Antrum, 1936:81.

Parabdella hollensis: Meyer and Moore, 1954:66.

Description. (Fig. 3D). Placobdella hollensis has two pairs of vari-

able dark concentrations of pigment situated metamerically behind the

single functional pair of eyes, giving the false impression of three

pairs of eyes (Fig. 17C). The checkered but somewhat variable dorsal

pigment jxattcrn consists essentially of a thick reddish-brown middorsal

band, interrupted five or six times between the neck and the anus by

broader squarish cream-colored patches about four annuli long. On
either side of this middorsal band is a narrower band which is con-

tiguous with the paired pigment concentrations of the false eyes. These

bands are interrupted by sciuarish cream-colored i^atches in such a

way that the brown portion flanks the white patches of the middorsal

band. This complementation of pigment gives the center of tlie back a

checkered appearance. The region between these bands and the margins

is patternless, being irregularly pigmented with ix'ddish brown.

Placobdella hollensis is similar to P. ornata, but unlike most P.

parasitica and P. papillifera, in having numerous small dark chro-

matophores scattered more or less irregularly on the ventral surface.

The chromatophores of P. hollensis differ slightly from those of P.

ornata. The former contains a reddish-brow'n pigment, and the latter

contains a black or dark brown i)igment.

Placobdella hollensis is sometimes difficult to distinguish from P.

ornata, but the former has few, if any, papillae along the center of

the back, has a more or less checkered dorsum witli light reddish-brown

or l)rick-red pigment, is rarely if ever greenish, has metamerically

arranged pigment concentrations or false eyes sejiarated by two com-

plete annuli. has a distinct flattened ribbon-sluiped body, and swims

readily when adult. It was common to And numerous individuals

attached to the bottom of a canoe after a short trip around small leaf-
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bottomed ponds. PlacobdeUa ornata, on the other hand, is character-

ized by having numerous dorsal papillae, especially prominent along

the middorsal line, is usually dark brown mixed with green, does not

have a checkered pattern on the dorsum, has a somewhat thicker and

wider body, and rarely swims and then only as a juvenile. If pigment

concentrations are present in the head region of P. ornata, they are

not arranged metamerically, being separated at the most by one com-

plete annulus. PlacobdeUa ornata was commonly encountered on tur-

tles, but P. hoUensis was always free-living. The only known host, the

painted turtle (Chrysemys picta) , was reported in the original

description.

Ecology. Almost nothing has been reported on reproduction in this

species. On 22 May 1967 in southeastern ^Michigan (water 18°C) a

large (3.5 cm) individual was found covering 193 eggs on a floating

log, which did not have the leech the day before. The three mem-
branous cocoons contained 77, 62, and 54 bright yellow eggs in early

blastula stage. Judged from the eggs still in the ovisacs, at least one

or more cocoon would have been deposited, making a total of well over

200 eggs. This would suggest that P. hollensis is perhaps our most

fecund PlacobdeUa, comparable to Theromyzon. On the same day this

individual and seven other P. hollensis, ranging in size from 0.9 to 2.8

cm long, were placed together in a collecting vial. Within an hour the

3.5-cm specimen had five spermatoiihores implanted on its back, and

a 2.4-cm specimen had one, but the six others had no implanted

spermatophores at all. The possibility that the largest individuals of

P. hollensis are most likely to be inseminated with spermatophores, a

phenomenon observed also in P. ornata and P. parasitica, needs to be

investigated. On other occasions spermatophores were also found on

the ventral as well as the dorsal surfaces, once even in the genital

region.

Distribution (Fig. 25j. Published records believed valid for P. hol-

lensis, a species well represented in the present study from southern

Michigan, include only ^Minnesota (Moore, 1912), Iowa (Mathers,

1948), Michigan (Sawyer, 1968), and Ontario CMoore, 1906), but it

is probably much more common than published accounts would indi-

cate. Some of the published accounts for P. ornata and P. papillifera

may have been confused with this species.

PlacobdeUa montifera Moore, 1906

(not PlacobdeUa carinata Diesing, 1858)

?Glossiphoi}ia trisulcata: Baird, 1869:317 (the specimen I examined in the

British [Museum resembles P. montifera)

.
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Clepsine papillifera carinata Verrill, lS74a:6S3; Moore, 1952:4.

Hemiclepsis carinata: Moore, 1901 :49S, fig. 5.

Placobdella montifera Moore, 1906:156; Moore, 1912:88, figs. 5, 10; Ryerson,

1915:166; Moore, 1918:652; Moore, 1920:89; Moore, 1924b:23; Mullin,

1926a :36; Miller, 1929:10, fig. 3; Bere, 1931:437; Moore, 1936:113;

Meyer, 1937a: 249; Meyer, 1937b: 118; Miller, 1937:85; Eddy and Hodson,

1945:29; Meyer, 1946a: 237; Mathers, 1948:397, pi. 2; Moore, 1952:4, figs.

6-7; Pennak, 1953:315, fig. 200B; Oliver, 1958:163; Moore, 1959:549;

Harms, 1960:698; Paloumpis and Starrett, 1960:416; Mann, 1961b: 158;

Moore, 1964:13; Patrick et al., 1966:343; Thomas, 1966:202; Carlson,

1968:164; Meyer, 1968:11; Sapkarev, 1968:226.

Haementeria (Placobdella) montifera: Antrum, 1936:64.

Description (Fig. 3A). Placobdella montifera has three keel-like

ridges on the dorsum, one middorsal ridge, a pair of paramedials (cor-

responding to the outer rather than the inner pair of paramedial papillae

in P. papillifera) , and a characteristic narrow constriction in the neck

region, setting off the wide head from the rest of the body. The body is

almost rectangular, being somewhat more narrow anteriorly. Each

ridge in P. montifera is composed of uniformly large, pointed tubercles

which, unlike P. papillifera, which it vaguely resembles, occur on

every annulus. The area between the ridges is relatively smooth,

having only a few very small inconspicuous papillae, in contrast to

P. ornata, in which each annulus has numerous papillae from one

margin to the other and no comparable smooth areas.

In P. montifera an inconspicuous longitudinal row of papillae is

sometimes found between the middorsal and the paramedial ridge and

near the margins on either side respectively, but (except for three or

four large anal tubercles corresponding to the first pair of paramedial

papillae in P. papillifera) these papillae do not reach the size found

in P. papillifera or P. ornata.

Ecology. Various authors have reported that P. montifera will attack

aquatic worms, insect larvae, mussels, frogs, toads, and fish, but the

only specific host records have been fish. It has been found twice on

pumpkinseed [Lepomis gibbosiis) and once each on bass [Micropterus

salmoides, M. dolo7nieui)
,
gar [Lepisosteus osseus) , black bullhead

(Ictaluriis melas) , silver redhorse (Moxostoina anisurion) , and carp

iCyprinus carpio) (Hoffman, 1967).

Very little is known about reproduction in this uncommon species

except that insemination is by hypodermic injection of spcrmatophores

and the young are carried about by the parent (Moore, 1912; ^Mathers,

1948).

Distribution (Fig. 25). Published records believed \-ali(l include

British Columbia (Clemens et al., 1939), Saskatchewan (Oliver, 19581,
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Ontario (Moore, 1906, 1924, 1936; Ryerson, 1915; Thomas, 1966),

Minnesota (Moore, 1912), Wisconsin (Bere, 1931; Sapkarcv, 1968).

IMichigan (Verrill, 1874a; Miller, 1937), Iowa (Mathers, 1948; Carl-

son, 1968), Kansas (Harms, 1960), Missouri (Meyer, 1937a), Illinois

(Moore, 1901; Paloumpis and Starrett, 1960), Indiana (Moore, 1920),

Ohio (IMillcr, 1929) , and Georgia (Patrick et al, 1966)

.

Placohdella pediculata Hemingway, 1908

Placobdella pediculata Hemingway, 1908:527, figs. 1-3; Hemingway, 1912:33,

pis. C-E; :\Ioore, 1912:90, figs". 13-lS; Ryerson, 1915:169; Moore, 191S:

653; Mullin, 1926a :36, pi. IV, fig. 4; Bere, 1931:437; Meyer, 1937a :249;

Mathers, 1948:397; Richardson, 1949:85; Pennak, 1953:315, figs. 200C, D;
Moore, 1959:560; Branson and Amos, 1961:53; Mann, 1961b: 158.

Haementeria (Placobdella) pediculata: Antrum, 1936:79, fig. 52.

Description (Fig. 3B). Placobdella pediculata, the only truly non-

papillated Placobdella in North America, has a conspicuously stalked

caudal sucker, although individuals shorter than 1 cm lack the long

peduncle. Hemingway (1908, 1912) showed that the peduncle arises

during development, its size corresponding to its depth into the tissue

of the host. Both young and adult P. pediculata differ from Actinob-

della, the only other North American glossiphoniid that has a conspicu-

ously stalked caudal sucker, in lacking dorsal papillae and in having

the anus at a uniquely anterior position, XXIII/XXIV, rather than at

the usual position, XXVII/XXVIII.

Ecology. This leech usually imbeds its sucker in or near the isthmus

below the gill chamber of the drum {Aplodinotus grimniens) . Other

authors have found this species attached posteriorly in the region of

the dorsal fins (Mullin, 1926). In spite of unconfirmed reports of its

temporary attachment to turtles (Alathers, 1948) and to fish of the

families Cyprinidae and Catostomidae (Branson and Amos, 1961),

there is every reason to believe that P. pediculata has a high degree of

host specificity for the drum. Apart from the report of finding adults

on the host in August and young (1 cm) in September (Hemingway,

1912), and one report of finding it free-living under a rock (Bere,

1931), little is known about the habits of this interesting leech.

Distribution (Fig. 24). This species is known primarily from the

midwcstern states west and southwest of the Great Lakes: Minnesota

(Lake Pepin, Hemingway, 1912), Wisconsin (northeastern lakes, Bere,

1931), Illinois (Henry and Peoria, ]\Ioorc, 1912), Iowa (Okoboji

region, Mathers, 1948), Missouri (Cape Girardeau County, Meyer,

1937a), and Oklahoma (Lake Texoma, Branson and Amos, 1961). It

was once reported from ]\Iaine (DeRoth, 1953).
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PlacohdeUa multilineata Moore, 1953

Placobdella multilineata Moore, 1953:1, pi. 1, fig. 1; ]vloore, 1959:550; Mann,
1961b: 159; Sawyer, 1967:33; Meyer, 196S:11.

Placobdella rugosa southern yRriety. ?Pearse, 1936:181; Moore, 1953:4.

Remarks. In the southern states P. ornata is replaced by the closely

related P. niultilineata, which, like Philobdella gracilis, may occur as

far north as southern Illinois. Placobdella midtili7ieata has a contin-

uous brown stripe, whereas P. ornata has an interrupted brown mid-

dorsal stripe. However, the finding of a few individuals of P. multi-

lineata with interrupted stripes in Louisiana (Sawyer, 1967) and the

discovery in the present study of an occasional specimen of P. ornata

with a continuous middorsal stripe in Michigan and Illinois suggest

that the continuity of this stripe alone does not necessarily distinguish

the two forms. Judged from some Louisiana specimens, P. multilineata

differs from P. ornata in having much fewer and smaller papillae

arranged in five longitudinal series, thus resembling P. papillifera. In

addition, both the dorsal and ventral surfaces of P. multilineata have

suggestions of longitudinal pigment patterns, notably fine dark chro-

matophores arranged between the longitudinal muscle bands. Nonethe-

less, the differences between these two species remain so slight that

P. nndtilineata may eventually prove to be a southern subspecies of P.

ornata, a problem which needs investigation.

GENUS HELOBDELLA R. BLANCHARD, 1896

The genus Helobdella, which has its center of distribution in South

America, was recognized as a natural group, separate from the genus

Glossiphonia, by R. Blanchard in 1896. Over 21 recognized species

and subspecies are known from South America (Weber, 1913, 1915;

Pinto, 1923; Antrum, 1936; Cordero, 1937; Ringuclet, 1943-45), but

only four or five recognized species are known from North America

(jMoore, 1906, 1959). Some of the North American species may be

represented in South America under the same or different names. On
the whole, Helobdella is the most taxonomically confusing group in

the Americas, primarily because of the unsettled problem of poly-

morphism in the triserialis complex of species in South America and in

the /7/.s-fa group, its North American counterpart.

Ringuelet, who critically examined the South American Helobdella

(1943, 1944a, 1944b, 1945), recognized 17 species in addition to five

subspecies of triserialis, at least one of which, H. triserialis lineata,

clearly belongs to the fusca group. The latter group was cxannned by

Moore (1906), who distinguished three varieties, fusca, lineata, and
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papillata. In 1906 Moore felt that these forms were connected by a

continuous variation of characters, but by 1959 he recognized each

of these as a species, in addition to adding a fourth related species,

H. punctatolineata, from Puerto Rico (1939).

In the present study the three species H. fiisca, H. papillata, and H.

lineata- were fairly often encountered, proving to be consistently recog-

nizable fomis. Three questionable forms of H. fusca were also encoun-

tered on only one or two occasions and will be discussed below.

Helohdella stagnalis (Linnaeus, 1758)

[A full European sA-nonvmy can be found in Harding (1910) and Autrum
(1936).]

Hiriido stag7ialis Linnaeus, 1758:649.

Clepsine modesta: Verrill, 1872b:129, fig. 2; Yerrill, 1873b:38S; Verrill, lS74a:

679; Verrill, lS75a:961; Moore, 1952:3.

Clepsine suhmodesta : Nicholson, 1873:493.

Clepsine minima: Sager, 1878:74.

Glossiphonia stagnalis: Moore, 1898:549; Castle, 1900a :21, figs. A, 4, 7-10,

12, 34; Moore, 1901:497; Ward, 1902:277; Moore, 1906:156, fig. 2; Moore,
1912:77, fig. 1; Ryerson, 1915:165; ^loore, 1918:651; Moore, 1920:89;

Kraatz, 1921:150; Moore, 1922:7; Mullin, 1926a: 35; Miller, 1929:10, fig.

4; MiUer, 1937:85; Richardson, 1942:68.

Clepsine biocidata: Graf, 1899:224.

Glossiphonia [Helohdella] stagjmlis: Aloore, 1922:9.

Helohdella stagnalis: Moore, 1923:15, pi. lA; Moore, 1924b: 22; Richardson,

1925a :361; Richardson, 1928:406; Bere, 1929:177; Rawson, 1930:35; Bere,

1931:437; Moore, 1936:113; Meyer, 1937a:249; Moore, 1937:118; Townes,
1937:167; Richardson, 1943:89; Mathers, 1948:397, pis. 1, 4; Pawlowski,

1948:331; Kenk, 1949:38; Moore and Meyer, 1951:59; Moore, 1952:3;

Pennak, 1953:314, fig. 200A; Beck, 1954:74; Meyer and Moore, 1954:68;

Oliver, 1958:163; Moore, 1959:548; Fredeen and Shemanchuk, 1960:733;
Paloumpis and Starrett, 1960:416; Mann, 1961b:156; Hilsenhoff, 1963:252;

Moore, 1964:1; Moore, 1966a: 10; Patrick et al.. 1966:343; Thomas, 1966:

202; Sawyer, 1967:35; Carlson, 1968:164; Sapkarev, 1968:226; Sawver,

1968:228; Clifford, 1969:583; Gates and Moore, 1970:45; Herrmann, 1970:

5; Mason et al., 1970:R323.

lErpohdella stagnalis : Oliver, 1958 : 164.

Description (Fig. 5C). Helohdella stagnalis is the only species in

North America with a brown horny scute in the neck region (Fig. 17E).

On the rare occasions when the scute is missing, such as after poor

preservation, the species could be confused with H. elongata, a small

whitish allied form with which it is often associated. Helohdella stag-

nalis is usually opaque, larger, thicker, and relatively wider than

H. elongata, the body of which is translucent, narrow, and excessively

flattened, almost ribbon-like. Cleared specimens of these species are
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easily distinguished because H. stagnalis has six pairs of crop caeca,

whereas H. elongata has only one pair.

Variation. Usually H. stagnalis is about 10-12 mm long when ma-

ture, but the size may vary considerably, occasionally up to 20 mm.

Individuals which have been preserved quickly without prior narcoti-

zation are especially wide, the width being about three-quarters of the

length. The amount of pigment may vary considerably, both between

populations and within a population. Usually individuals are almost

completely unpigmentcd, but some may contain so many diffusely

arranged black chromatophores, both dorsally and ventrally, that

the animal appears gray or even blackish. In some individuals the

scute is large and almost triangular, being broadest anteriorly, whereas

in others it is small and rod-shaped. In still others it is small and disc-

shaped, sometimes so small that it may go unnoticed.

Ecologij. The species feeds on small oligochaetes, aquatic insects, and

possibly other leeches rather than on snails (Hilsenhoff, 1963; Thut,

1969). In the laboratory I was unable to get it to feed on the snails

Physa, Stagnicola, or Helisoma. In early spring H. stagnalis was com-

monly found attached to other leeches, Batracobdella picta, Haemopis

grandis, H. marmorata, and Macrobdella decora, but, unlike Glossi-

phonia complanata, it was never actually seen feeding on them.

Little is known about reproduction in this species. The process of

egg-laying in particular has not been described previously. The follow-

ing observations of egg-laying were made in early May on an indi-

vidual captured four days previously under a rock in a small stream

in Washtenaw County, Michigan. When first observed, the leech was

attached to the side of a glass jar, through which its venter could be

easily seen. Forty flesh-colored eggs were attached, as if glued, to the

posterior third of its venter. From the eggs that could still be seen

inside the leech it was apparent that it was in the process of laying

its eggs, the process probably beginning around dusk. The leech when

first discovered was apparently in an interim period between egg-

laying, a period characterized b}' posteriorly moving undulations or

ventilatory movements (Fig. 7A) that continued for less than a minute

before the following egg-laying repertoire was resumed.

The thin lateral margins of the posterior third of the leech inflected

downward and inward toward the ventral center, creating a trough

around the eggs that had already been laid (Fig. 7B) , followed im-

mediately by the arching of the back so as to create a cavity around

these eggs (Fig. 7C). During the brief period for which the animal

held this position, the muscles of the body seemed to be forcing the
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anterior pair of eggs, which were moving freely about in the ovisac,

into the oviduct, a chamber immediately posterior and internal to the

gonopore. Having the eggs situated in the oviduct may be a prerequisite

for their expulsion to the outside, the eggs in the oviduct at this stage

becoming the contents of one protective sac or cocoon. Close examina-

tion of the translucent body of the leech, which by now was in another

interim period displaying only ventilatory movements, revealed that

within the ovisacs the most posterior eggs, which had been forced

anteriorly by the arched back and straining motions, moved passively

back to their original positions. The two eggs next to be laid were

clearly seen in the oviduct, the other eggs lying posterior to them, deep

in the ovisacs.

Actual egg-laying proceeded as follows: the head went through a

searching movement accompanied by strong ventral flexure (Fig. 7D).

As this flexure increased and the body rolled into a ball (Fig. 7E), the

head moved toward the hind sucker, then quickly twisted to one side,

while the gonopore became placed just cephalad to the previously laid

eggs. For about ten seconds the head went into a vigorous circular

movement, again reminiscent of muscular straining (Fig. 7F) , accom-

panied by several thrusting movements of the gonopore region, appar-

ently directed toward egg extrusion. Next the body, which had been

only slightly arched during the actual egg extrusion, arched fully so

that the head was directly under it (Fig. 7G). This position was held

for about five seconds and was accompanied by vigorous straining

movements. It was difficult to see what the head was doing, but it

may have been "shaping" the cocoon, as observed in Erpobdella

punctata by Sawyer (1970a). Then began slight oscillations (Fig. 7H),

which soon increased until the arched body was unrolled into the

initial extended position in which ventilation occurs (Fig. 7A) . In

having the oral sucker attached to the substrate during ventilation,

H. stagnalis resembles Theromyzon meyeri but differs from E7^pobdella

punctata.

Close examination showed that the oviduct which had held the two

eggs was now empty, and a count revealed that the exposed eggs had

increased by two. The entire ritual described above was repeated

successively with very little deviation except for possible variation

in the number of eggs laid. The leech laid a total of 60 eggs in one

night, the more posterior sacs containing the most eggs (Fig. 6E)

;

the eggs hatched in about five days.

In a later study in a small permanent pond in southeastern ^Nlich-

igan, each individual was found to have laid an average of 8.4 egg

sacs or cocoons (Fig. 6C), the larger individuals having laid more
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(Fig. 6F). Each cocoon contained an average of 4.2 eggs (Fig. 6D).

No correlation was found between increased size of adult and increased

number of eggs per cocoon; the increase in the number of eggs pro-

duced by larger individuals results only from the production of addi-

tional cocoons.

Brooding individuals were encountered in the present study from

early April to August in water over 21 °C, suggesting that in Michigan,

as in England (Mann, 1957a) , more than one generation may be pro-

duced each year.

Distribution (Fig. 26). In addition to being found on every con-

tinent except Australia, H. stagnalis occurs abundantly throughout the

northern United States and Canada but is less common in the southern

United States. Published records believed valid include Northwest

Territories (Moore and Meyer, 1951; Meyer and Moore, 1954),

southern tip of the Georgian Bay, British Columbia (Clemens et al.,

1939; Meyer and Moore, 1954), Alberta (Bere, 1929; Moore, 1964;

Clifford, 1969), Saskatchewan (Oliver, 1958), Ontario (^loore, 1906;

Faull, 1913; Moore, 1922, 1924b; Rawson, 1930; Moore, 1936; ^leycr,

1937b; Meyer and Moore, 1954; Thomas, 1966), Quebec (IVIoore,

1922), Newfoundland, St. Pierre (Pawlowski, 1948), Nova Scotia

(Pawlowski, 1948; Meyer and Moore, 1954; Gates and Moore, 1970),

New Brunswick, Prince Edward Island (Richardson, 1943), Washing-

ton (Thut, 1969), Oregon (Mason et al., 1970), California (Verrill,

1875a; Gee, 1913), Arizona (Verrill, 1874b), Utah (Verrill, 1875a;

Beck, 1954), Colorado (Verrill, 1874b; Herrmann. 1970), Nebraska

(Verrill, 1874b), Iowa (Mathers, 1948; Carlson, 1968), ]\Imnesota

(Moore, 1912), Wisconsin (Bere, 1931; Hilsenhoff, 1963; Sapkarev,

1968), Michigan (Hankinson, 1908; Miller, 1937; Kenk, 1949; Sawyer,

1968), Illinois (Richardson, 1925a, 1928; Paloumpis and Starrett,

1960), Indiana (Moore, 1920), Ohio (IMoore, 1906; Kraatz, 1921; Mil-

ler, 1929), Pennsylvania (Moore, 1906, 1912), New York (Moore, 1922.

1923; Barrow, 1953), New Jersey (Castle, 1900a), Connecticut (Ver-

rill, 1874a; Barrow, 1953) , Massachusetts (Moore, 1898; Castle, 1900a;

Weston and Turner, 1917), southeastern Missouri (Meyer, 1937a),

Georgia (Patrick et ai, 1966), and Florida (Verrill, 1874a). The find-

ing of this species in South Carolina in the present study is the first

record for that state.

Helobdella lineata (Verrill, 1874)

(not Hirudo lineata O. F. Miiller, 1774)

Clejisine papillifera var. lineata Verrill, lS74a:6S3; Ward, 1902:277; INIoore,

1952:3.
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Glossiphonia lineata: Moore, 1898:549; Moore, 1901:493; Ward, 1902:277;

Moore, 1952:10, fig. 5.

Glossi'phoma fusca lineata: ^loore, 1906:159; Baker, 1924:109; Moore, 1952:

10.

Glossiphonia jusea: Moore, 1912:80, fig. 3; Rverson, 1915:165; Moore, 1920:

89; ?Kraatz, 1921:150; (?part) Moore, 1922:7; Mullin, 1926a :48; Miller,

1929:10; Meyer, 1937a :249.

HelobdeUa fusca: (part) Moore, 1918:652; Mathers, 1948:397, pi. 1; ?Herr-

mann, 1970:5.

Glossiphonia (HelobdeUa) fusca: (?part) Moore, 1922:9.

HelobdeUa triserialis lineata: Ringuelet, 1943:229, fig. 3; Sawyer, 1967:34.

HelobdeUa lineata: Moore, 1952:3; Moore, 1959:549; Paloumpis and Starrett,

1960:416; Mann, 1961b: 156; Sapkarev, 1968:226; Sawyer, 1968:228; Herr-

mann, 1970:2.

Description (Figs. 4B, C). HelobdeUa lineata has three series of

black-tipped papillae and four series of metameric white dots, which

may disappear in preserved specimens. The two paramedial series of

papillae are shorter than the middorsal row, which can extend ante-

riorly at least to the clitellar region. The papillae are positioned on

every third annulus of complete segments and have a somewhat stag-

gered, rather than linear, arrangement. These papillated anniili also

bear white metameric dots, of which there is a row on either side of

the middorsal row of papillae and a row just external to each row

of paramedial papillae. Two rows of dots nearest to the middorsal line

extend farthest, almost to the neck region and well beyond the mid-

dorsal papillae. The species is about 8-10 mm long but may be as long

as 20 mm, especially in the southern part of the range.

Variation. On the rare occasions when the dorsal papillae are absent,

the species can usually be distinguished from H. fusca by the four

series of metameric dots instead of continuous longitudinal stripes.

Some individuals of H. lineata had longitudinal whitish stripes among
which vestiges of the four rows of metameric dots were discernible. In

a few the dorsal papillae were missing or so inconspicuous that the

leech resembled H. fusca to such a remarkable degree that externally

there was no reliable way of separating the two species. In fact, it is

the occurrence of these apparent intergrades which supports the pos-

sibility discussed below that H. liJieata and H. fusca belong to the same

polytypic species. If such is the case, the most widely distributed form

would undoubtedly be the papillated H. lineata.

Remarics. This species was first recognized by Verrill (1874a) as

Clepsine papillifera var. lineata, but ]Moore (1906), who mistakenly

thought that the name lineata was preoccupied by Hirudo lineata

0. F. ^Miiller, 1774, gave it the name GlossipJwnia fusca (Castle, 1900)

lineata. Later (1952) he recognized it as a distinct species, H. lineata
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(Verrill, 1874), separate from H. fusca (Castle, 1900) , but he left open

the possibility that the latter might be a polymorphic species. Moore

was also aware of the closeness of H. lineata and H. triserialis but did

not give them the same name because the male pore of the latter, ac-

cording to R. Blanchard (lS96a), was supposedly at XI/XII instead

of XIIal/a2, as found in H. lineata. Ringuelet (1943) in his excellent

review of the polymorphic South American species H. triserialis (E.

Blanchard, 1849) regarded H. lineata and H. fusca as varieties of one

extremely variable, widely distributed species. After examining large

numbers of South American Helobdella, Ringuelet concluded that

Blanchard had been wrong in his original observation and that this

error had been repeated by subsequent authors. He found in H. trise-

rialis, as Moore did in //. lineata, that the gonoporcs are separated

by one rather than two annuli.

Ringuelet was probably right in recognizing one widely distributed,

variable species, H. triserialis, as encompassing H. triserialis lineata,

but until the problem of polymorphism is settled in the H. fusca com-

plex of species, the names for the American Helobdella used in this

study will basically follow Moore (1959).

Distribution (Fig. 27) . Helobdella lineata, which extends as far north

as the lower Great Lakes, especially Lake Erie, is a warm-water species

which becomes a dominant species of the lower Mississippi Valley. As

the common species H. triserialis, it probably continues into Central

and South America (Ringuelet, 1943). Published records believed

valid, often as H. fusca, with whicli it has probably been confused

many times, include Minnesota (Moore, 1912) , ]Michigan (Sawyer,

1968), Iowa (Mathers, 1948), Nebraska (Verrill, 1874a; Moore, 1952),

Illinois (Moore, 1901), Wisconsin (Baker, 1924; Sapkarev, 1968), In-

diana (Moore, 1920), Ohio (Moore, 1906; Miller, 1929), Pennsylvania

(Moore, 1906), Ontario (Moore, 1906), southeastern Missouri (Meyer,

1937a), Louisiana (Sawyer, 1967), and Mexico (Moore, 1898). It has

not previously been reported from South Carolina, where it is common.

Helobdella fusca (Castle, 1900)

Glossiphonia fusca Castle, 1900a: 34, figs. 13-lS; Moore, 1918:652, fig. 997;

(?part) Moore, 1922:7; Moore, 1936:113; ?Meyer, 1937b: US; ?Miller,

1937:90.

Glossiphonia fusca fusca: Moore, 1906:158, fig. 5.

Glossiphonia (Helobdella) fusca: (?part) Moore, 1922:9.

Helobdella fusca: ?Moore, 1924b:22; ?Bere, 1931:439; ?Mozlcy, 1932:244;

Antrum, 1936:29, fig. IS; ?Townes, 1937:167; ?Kenk, 1949:38; Moore and

Meyer, 1951:60; Pennak, 1953:314; Meyer and Moore, 1954:68; Moore,

1959:548, fig. 23.3; Mann, 1961b: 156; Moore, 1966a: 10; ?Patrick et al,

1966:342.
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Descnption (Figs. 4D-F). Unlike other Helobdella, H. fusca lacks

dorsal papillae and has three major pairs of longitudinal whitish stripes,

a paramedial, an intermediate, and a marginal pair. Usually the inter-

mediate stripe is the longest, extending almost to the eye region. The
marginals are the shortest and extend from the anus to the neck, sepa-

rated from the margins of the body by a narrow longitudinal band of

pigment. The paramedials usually fade out in the neck region, but in

some cases they extend continuously to the eyes. Between the para-

medials a pigmented middorsal band extends from the posterior third

of the body up to the eyes. Immediately posterior to this band is a

short but conspicuous white anal bar. Small metameric white dots re-

sembling those found in the strongly papillated H. lineata can be seen,

especially in the anal region.

Remarks. In addition to typical H. fusca, two other unpapillated

color forms were encountered in Michigan: a whitish form with the

dorsal surface completely lacking pigmentation (Fig. 4F), and a

mottled form with a dorsal surface pattern consisting of irregularly

spaced white blotches on a brownish background but without longi-

tudinal stripes and middorsal band (Fig. 4E) . In southeastern Mich-

igan on 6 August 1966 brooding individuals of all three color forms

were found in the same pond with no apparent intergradation of

characters.

Ecology. Other workers have shown that this or a closely related

species favors snails as food and could possibly help as a biological

control agent for the snail-borne disease schistosomiasis (Chernin et al.,

1956; McAnnaly and ]\Ioore, 1966). In a central ^Michigan lake I

dredged H. fusca from the bottom, still attached to the shells of one

of its probable Michigan hosts, the snail HeUsoma. Each brooding

parent carries on its venter an average of six to seven capsules or

cocoons, each containing about 15 eggs; the breeding season appears

to be from June to August (Castle, 1900a; Moore, 1966).

Distribution (Fig. 27) . Helobdella fusca appears to be a cold-water

species with a more northern and eastern distribution than H. lineata

and more likely to be found in lakes and larger ponds. The possibility

that H. fusca replaces H. lineata in the Great Lakes region, where

there is an apparent overlap of ranges, needs to be investigated. Be-

cause of the confusion over the names lineata and fusca, most reports

in the literature are not reliable. The records include Northwest Terri-

tories (Moore and Meyer, 1951; ]Meyer and Moore, 1954), Alberta

(Moore, 1964, 1966), Manitoba (Meyer and ^loore, 1954), Ontario

(Moore, 1906, 1936), Ohio (Moore, 1906), New Jersey (Castle, 1900a),
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and Massachusetts (Castle, 1900a). It has not previously been found

m Michigan.

Helohdella elongata (Castle, 1900)

Clepsine nepheloidea: Graf, 1899:224 (inadequate description).

Glossiphonia elongata Castle, 1900a: 39, figs. B, 23-27; Moore, 1906:158.

Glossiphonia nepheloidea: Moore, 1906:156; Moore, 1912:76; Ryerson, 1915:

165; Moore, 1918:651; Mullin, 1926a: 35; Miller, 1929:10; Rawson, 1930:

35; Miller, 1937:90; Townes, 1937:167.

Helohdella nepheloidea: Moore, 1924b: 22; Richardson, 1925a: 348; Bere,

1931:439; Moore, 1936:113; Meyer, 1937a:249; Mathers, 1948:397, pi. 1;

Pennak, 1953:314; Meyer and Moore, 1954:66; Hilsenhoff, 1964:139;

Carlson, 1968:164.

Helohdella elongata: Autrmn, 1936:28; Moore, 1959:548; Paloumpis and

Starrett, 1960:416; Mann, 1961b: 156; Patrick et al., 1966:342; Sawyer,

1967:34; Sapkarev, 1968:226.

Glossiphonia nepheloidae : Miller, 1937:89.

Description (Fig. 5D). Helohdella elongata has a cylindrical worm-

like body which is so unpigmented and translucent that the internal

organs, especially the crop and the large gland cells, show through

the body wall. Unlike other Helohdella, the margins of the body are

nearly parallel, not much wider than the small hind sucker. The species

has only one pair of crop caeca, whereas most Helohdella have six

pairs. The South American species H. michaelseni R. Blanchard, 1900,

which also has one pair of crop caeca, may represent the same species.

Remarks. Very little is known about its biology except that it feeds

on aquatic insect larvae (Hilsenhoff, 1964) . In Michigan I found the

species carrying eggs from late jMay to early June (water 21 °C).

Distrihution (Fig. 28). Helohdella elongata is widely, but sporad-

ically, distributed from the midwestern and Great Lakes states east-

ward and southward. Reliable published records include Ontario (Ryer-

son, 1915; Moore, 1924b; Rawson, 1930; Moore, 1936) , Iowa (Mathers,

1943; Carlson, 1968) , ]Minnesota (Moore, 1912) , Wisconsin (Bere, 1931;

Miller, 1937; Hdsenhoff, 1964; Sapkarev, 1968), Illinois (Richardson,

1925a; Paloumpis and Starrett, 1960), Ohio (Moore, 1906; ISIiller,

1929), Pennsylvania (Moore, 1906), New York (Barrow, 1953), Con-

necticut (Barrow, 1953), Massachusetts (Castle, 1900a; Moore, 1912),

Missouri (Meyer, 1937a), Louisiana (Sawyer, 1967), and Georgia

(Patrick et cd., 1966). This is the first record for Michigan.

Helohdella papillata (Moore, 1906)

Clepsine papillifera var. b: Verrill, 1874a:6S3; Moore, 1952:3.

Helohdella fusca var. papillata Moore, 1906:159; Moore, 1952:10, fig. 4.
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Helobdellafusca: (part) Aloore, 1918:652.

Helobdella papillata: Aloore, 1952:3; Moore, 1959:549; Mann, 1961b:157;

Meyer, 1968:8; Sawyer, 1968:228.

Description (Fig. 4A) . Helobdella papillata has numerous rounded

papillae that protrude conspicuously from its back, positioned on every

third annulus in complete segments and arranged in five to seven longi-

tudinal rows. In some specimens the papillae are black-tipped, and in

others on either side there are two longitudinal series of white dots,

just external to the medial and first pair of paramedial papillae re-

spectively, resembling the dots in H. lineata. Helobdella papillata and

H. lineata can be distinguished by the roughly papillated appearance

of the former and the smaller, less numerous papillae of H. lineata. The

rare occurrence of apparently intermediate forms suggests that H. pa-

pillata and H. lineata, as with H. fusca, represent one variable species.

Re)uarkf<. Originally described by Verrill (1874a) as Clepsine papil-

lifera var. b, this species was later described independently as a variety

of H. fusca (Castle, 1900) by ^loore (1906), who gave it the name
H. fusca var. papillata. jMoore (1952) later examined Verrill's collec-

tion, discovered that the two species were the same, and established the

name H. papillata. Very little is known about its biology, distribution,

or, for that matter, phylogenetic position. In Michigan I found indi-

viduals with the young on 30 July and 8 August, suggesting that this

species, like H. fusca, breeds in midsummer.

Distribution (Fig. 28) . Published records believed reliable include

Michigan (Sawyer, 1968), the Ontario and Ohio sides of Lake Erie

(Moore, 1906), and possibly Connecticut (Verrill, 1874a). Its known
range is considerably enlarged by the present study, which provides

the first records for ^Minnesota and Illinois.

Helobdella transversa, new species

Type-Locality. Berrien County, jMichigan (creek between North and

Middle Lake Mere lakes) . The holotype and paratype have been de-

posited in the Charleston Museum in South Carolina.

Description (Figs. 5A, B). On 28 May 1967 ten specimens of this

imdescribed species, only the diagnostic characters of which will be

presented here, were found in two localities in Berrien County, JMichi-

gan, in association with H. stagnalis and H. fusca. The unpapillated

dorsal surface is generally rusty brown, interrupted b}- metameric

white bands which consist of eight to ten slightly raised white dots in

various states of confluence. These white bands of dots tend to fade

out at the anterior quarter of the body. The pattern is conspicuously
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transverse with no longitudinal pattern of white and rusty-brown

stripes as in H. fusca, which it superficially resembles. The pigment

fades quickly in ethanol, unlike that of H. jusca. They are all close to

10 mm long with a circular hind sucker 1 mm in diameter. The eyes

(one pair) are well separated and positioned on the fourth annulus.

The reconstruction of the digestive and reproductive systems of the

types (Fig. 5B), based on a transverse series of a paratype at 10 /i and

stained with eosin and haemotoxylin, is substituted for a lengthy

verbal description of these systems, which are typical of the genus.

Like most Helobdella, this species has six pairs of crop caeca. The male

gonopore is positioned at XIal/a2, and the obscure female opening is at

XIIa2/a3, which is one annulus caudad.

GENUS ACTINOBDELLA MOORE, 1901

The genus Actinobdella was erroneously placed in the family Pisci-

colidae by Moore (1901), who was misled by the unusual six-annulate

condition of the type-species, A. inequiannidata. The internal and ex-

ternal morphology of a second and third species described in 1906 and

1924, A. annectens and A. triannulata respectii^ely, showed beyond

doubt that the genus belonged to the family Glossiphoniidae. It most

closely resembles Placobdclla and Batracobdella, but the morphology

and biology of this inadequately known and perhaps unnatural genus

must be investigated before its true systematic standing can be deter-

mined. There is a remarkable resemblance between A. mmectens, known

only from the original description, and Batracobdella -phalcra, which

has been reported on various occasions with numerous small papillae

along the margins of the caudal sucker (Moore, 1906), with an unusu-

ally long posterior sucker (Ryerson, 1915) , and was once found attached

to the gill arch of a fish (Bere, 1931), all three characters reminiscent

of Actinobdella.

Actinobdella have a large, almost hemispherical posterior sucker

separated from the body by a narrow pedicel. Projecting into the

sucker cavity a short distance from its inner margin is a circle of 30-60

retractile digitate processes with accessory adhesive gland ducts. The

bodies of the individuals, which range in size from 1.5 to 12 mm, with

an average about 9 mm, are only moderately wide, with more or less

parallel sides, and are somewhat convex, never excessively flattened.

Complete segments have three annuli, which in two species are further

divided into six unequal annuli, an unusual condition for glossiphoniids.

They also have a single pair of large eyes, either confluent or very close

together, seven pairs of branching caeca and four pairs of intestinal
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caeca, diffuse salivary glands, a loosely folded epididymis, one to three

series of dorsal papillae, and a mouth located far forward on the oral

sucker.

This genus is represented in the present study by one poorly pre-

served individual labeled "H-51 Lake Chautauqua, Havana, Illinois,

23 April 1953" and dubiously identified "Actinobdella inequiannulata.''

This is probably the same specimen reported by Paloumpis and Starrett

(1960) from Lake Chautauqua. The elongated individual is widest at

the anterior region, from which it tapers slightly to the posterior region

(Fig. ID) . The body is mostly depressed rather than convex and has no

dorsal papillae. It has about six unec^ual annuli per segment, but in

the absence of external signs of metamerism it is difficult to be certain.

There is one pair of confluent eyes. Nothing could be determined about

its internal anatomy after clearing. The posterior sucker (Fig. IE)

,

which is on a whole mount separate from the body, has about 30 con-

spicuous papillae along its margin, much like those illustrated by

Moore (1901).

Actinobdella triannulata, the most common species in the genus,

seems to have a predilection for the suckers: Catostomus fecundus, C.

catostomus, C. commersoni, and C. macrocheilus (Hoffman, 1967). The

species has been reported from British Columbia (Bangham and

Adams, 1954), Wyoming (Bangham, 1951), Lake Huron (Bangham,

1955), and Ontario (Meyer and Moore, 1954). That A. triannulata and

Placobdella pediculata are the only two American glossiphoniids with

a strong partiality for fish may reflect a systematic as well as an eco-

logical relationship.

GENUS OLIGOBDELLA MOORE, 1918

This genus, originally assigned the preoccupied name Microbdella,

is unique in having biannulate rather than triannulate segments, but

otherwise it is poorly defined. Oligobdella has its nearest affinities in

and around Japan and New Zealand, but not enough is known about

these forms to make any generalizations.

Oligobdella hiannulata (Moore, 1900)

Microbdella biannidata Moore, 1900:50, figs. 1-8; Meyer, 1968:9.

Oligobdella biannidata: Moore, 1918:654, fig. 1000; Antrum, 1936:33; Moore,

1959:550, fig. 23.5; Mann, 1961b: 159; Meyer, 1968:26; Sawyer, 1971b: 54.

Remarks. This obscure amphibian leech was known, until now, only

from the original 70-year-old description. A number of specimens of

0. biannulata from several localities in the southern Appalachians were
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recently brought to me and arc reported elsewhere (Sawyer, 1971b).

In spite of its biannulate condition, to which great taxonomic impor-

tance has been given, this species resembles the true amphibian leeches,

Batracohdelta, in other ways: feeding on the salamander Desmocjna-

thus, the translucent olive-green body color, the single confluent pair

of eyes, the seven pairs of crop caeca, and the position of the mouth.

The position of the mouth in the cup of the fore sucker rather than on

the anterior rim places this species among the Glossiphoninae, along

with Batracohdella, rather than among the Haementarinae, where it

has sometimes been placed (Mann, 1961b). The biannulate condition

may have been due to immaturity of the specimens. The finding of

mature sperm in the few individuals sectioned by Moore does not prove

that the specimens were mature, as shown by Sawyer (1970b) in the

marine species Oceanobdella hlennii. Other characters indicating that

they were immature include their small size, relatively large suckers,

and faint indications of "incipient subdivision of the major annulus."

Five of Moore's syntypes are on deposit in the U.S. National

Museum (USNM No. 36394).

GENUS OCULOBDELLA AUTRUM, 1936

The genus Octdobdella, which has an anterior mouth, a single pair

of well-separated eyes, and snail-eating habits, is known only from

two North American species. The type-species, 0. sodmulcensis from

Lago de Xochimilco, Mexico, has conspicuous dorsal papillae and

gonopores separated by two annuli (Caballero, 1931b), whereas the

other, 0. lucida, has a smooth dorsal surface and united gonopores

(Meyer and ]\Ioore, 1954). Ocidohdella is closely related to, and may
be congeneric with, the South American genus Anoculobdella Weber,

1915, which also has an anterior mouth, apparent absence of eyes, three

to five rows of dorsal papillae, and gonopores separated by one annulus.

Anoculobdella is represented by two little-known species which differ

from each other in the number and arrangement of dorsal papillae:

A. brasUiensis Weber, 1915, from Brazil and .4. tribubcrcidata Weber,

1915, from Brazil and Paraguay.

Both Oculobdella and Anoculobdella have the characteristic anterior

position of the mouth of the subfamily Haementeriinae, to which

Placobdella belongs, but their general appearance, certain internal

characters (such as fewer than seven pairs of gastric caeca), snail-

eating habits, and attachment of the egg sacs to the ventral surface

of the body place them much closer to Helobdella, of the subfamily

Glossiphoniinae.
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Oculobdella lucida Moore, 1954

Oculobdella lucida ]\Ieyer and Moore, 1954:68, pis. I-II; Moore, 1959:551;

Mann, 1961b: 159; Moore, 1964:1; Moore, 1966a: 10; Meyer, 1968:9;

Sawyer, 1968:228; Scudder and Mann, 1968:208.

Description (Fig. 5E). Oculobdella lucida has a single common gon-

opore, but it is often small and can easily be overlooked. The body is

a uniform grayish-blue color on the dorsal and ventral surfaces, on

both of which occur thin but distinct dark paramedial lines from just

anterior to the anus to the neck region. On the dorsum another, less

distinct, pair of lines is situated laterad to this pair. None of the

Helobdella with which it is most closely allied has a pair of such para-

medial lines on the dorsal surface. The background grayish-blue color

results from numerous diffusely arranged chromatophores more or less

uniformly distributed. Unlike most Placobdella and Bati-acobdella,

there is no marginal pigment pattern. In some specimens there are

small indistinct unpigmented areas or spots, metamericalty arranged

in four rows just lateral to the two pairs of paramedial lines. The four

rows of dots may be lacking in an especially heavily pigmented indi-

vidual, but otherwise there is little individual variation in the basic

pigmentation pattern of this species. In some specimens moderately

large unpigmented patches are irregularly situated on the dorsum, but

in most cases the internal pair of paramedial lines is unaffected.

Some of the individuals tentatively identified as 0. lucida in the

present study were serially sectioned and others mounted whole in

Canada balsam to reveal the following characters, which agree with

the original description of that species by ]\Ieyer and ]Moore (1954)

:

anterior position of mouth, large well-separated eyes on the fourth

annulus, small unbranched gastric caeca, large intestinal caeca, and

apparent absence of posterior crop caeca.

Ecology. Throughout Michigan I examined scores of collecting sta-

tions of many diverse types, but 0. lucida was encountered, often in

great numbers, at only a few stations, most notably in temporary or

semipermanent, almost stagnant, ponds or streams. This species, which

is known to eat snails (Moore, 1964) , was usually encountered in asso-

ciation with several species of snails, including Lymnaea and Physa,

but it was never observed feeding on them.

Known Distribution (Fig. 31). Oculobdella lucida, a poorly known
species encountered in the present study in only three localities in

Michigan, has previoush' been reported from British Columbia (Scud-

der and Mann, 1968) , Alberta (]\Ioorc, 1964) , Manitoba (]\Ieyer and

Moore, 1954), and ^Michigan (Sawyer, 1967). This is only the second

record of its occurrence in the United States.
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Family Erpobdellidae

GENUS ERPOBDELLA BLAINVILLE, 1818

Erpobdella has unsubdivided anniili of equal width and a pre-atrial

loop of the vas deferens extending to ganglion XI. For many years the

genus Dina, which has a slight subdivision of every fifth annulus, was

considered a subgenus of Erpobdella, and this problem remains un-

settled. Similarly, some authors (e.g., Pawlowski, 1955) have consid-

ered Mooreobdella, a natural group of American species, as a subgenus

of Erpobdella, but its generic standing is now generally accepted.

Although Europe and Asia have at least four species of Erpobdella,

only E. punctata occurs in North America north of Mexico. It is re-

lated to E. octocidata of Europe, Africa, and Asia and is one of the

most commonly encountered and widely distributed leeches in North

America.

Erpobdella punctata (Leidy, 1870)

Wephelis quadristriata: (not Grube, 1851:110); Verrill, lS72b:133; Verrill,

1874a: 675; Verrill, 1874b: 623; Verrill, 1875a: 960; Ward, 1902:276; Moore,

1952:3.

Nephelis punctata Leidy, 1870:89; Moore, 1952:3.

Nephelis lateralis: A^errill, 1872b: 133; Nicholson, 1873:493; Verrill, lS74a:675;

Verrill, lS74b:623; Bristol, 1897:35; Bristol, 1898:17, text: figs. 1-3, plate:

figs. 2-20; Graf, 1899:223; Moore, 1952:3.

Nephelis marmorata: Verrill, 1872b: 134; Verrill, 1874a: 676; Moore, 1952:3.

1Nephelis vermijormis: Nicholson, 1873:493.

?Nephelis ^-striata: Forbes, 1893:218.

Herpobdella punctata: Moore, 1898:559; Moore, 1918:659, fig. 1008; Kraatz,

1921:150; Miller, 1929:10; Meyer, 1937a: 250; Meyer, 1937b: 118; Miller,

1937:85; Richardson, 1942:67.

Erpobdella punctata: Moore, 1901:532; Ward, 1902:276; Moore, 1906:157,

fig. 1; Hankinson, 1908:232; Moore, 1912:121, fig. 39; Ryerson, 1915:166;

Hankinson, 1916:118; Muttkowski, 1918:391; Moore, 1920:90; Moore,

1922:8; Moore, 1923:15, pi. IF; Baker, 1924:109; Moore, 1924b: 28; Rich-

ardson, 1925a: 348; Richardson, 1925b: 415; Mullin, 1926a: 37, pi. V, figs.

1-2; Bere, 1929:177; Bere, 1931:440; Moore, 1936:113; Townes, 1937:167;

Richardson, 1943:90; Mathers, 1948:397, pis. 3-4; Pawlowski, 1948:336;

Kenk, 1949:38; Moore and Meyer, 1951:69; Pennak, 1953:315; Beck,

1954:74; Meyer and Moore, 1954:92; Oliver, 1958:163; Moore, 1959:556,

fig. 23.12; Paloumpis and Starrett, 1960:416; Moore, 1964:2; Moore, 1966a:

11; Patrick et al, 1966:342; Thomas, 1966:202; Sawyer, 1967:36; Carlson,

1968:164; Judd, 1968:7; Sapkarev, 1968:226; Sawyer, 1968:228; Scudder

and Mann, 1968:208; Judd, 1969:168; Mever, 1969:161; Herrmann.

1970:5; Sawyer, 1970a: 85.

Erpobdella punctata annulata: Moore, 1922:8; Bere, 1931:440; Ahiore and

Meyer, 1951:69; Meyer, 1968:24.

Winafervida: Miller, 1929:34.
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Dina lateralis: Moore, 1952:3; Moore, 1959:556; Mann, 1961b: 168.

Erpobdella lateralis: Moore, 1952:3.

Erpobdella puctata: Ma.nn, IQQlh -.168.

Erpobdella anmdata: Mason et al., 1970:R323.

Description (Fig. 8C). Erpobdella punctata has a paramedial (and

sometimes also a paramarginal) pair of black pigment concentrations,

Avhich form two (or four) conspicuous longitudinal stripes. On the

dorsum (and less conspicuously on the venter) of every annulus occur

8-16 small white-tipped papillae, especially noticeable in heavily pig-

mented individuals. The middorsal line and the entire venter are

usually unpigmented, but the degree of pigmentation varies from heav-

ily pigmented, almost black individuals in which the longitudinal

stripes are almost obscured to almost cream-colored individuals in

which the paramedial stripes are suggested only by a few pigment

concentrations (Fig. 8D).

The gonopores are invariably located in the furrows and are sepa-

rated by two annuli (Fig. 9F). The male gonopore of fully mature

individuals is especially large and glandular. The atrium is correspond-

ingly large and well developed, and the atrial cornua of fully mature

individuals are slightly coiled, closely resembling the condition found

in Nephelopsis obscura. On the other hand, the male gonopore and

atrium of immature individuals are so small and poorly developed

(Figs. IIB, I) that unless one had examined hundreds of individuals,

one would hesitate to call them the same species.

Ecology. Various aspects of the life history, fecundity, behavior,

and feeding habits of Erpobdella have been investigated (Sawyer,

1970a) . The life cycle may reciuire one year or two, depending upon

local conditions, but in either case few seem to survive to a second

breeding season. There is evidence of mass moA^ements upstream in

early spring in some localities. During April and May in Michigan each

individual lays on the average about ten cocoons, each containing

about five eggs which hatch in three to four weeks. The presence of its

large (8-9 mm) distinctive cocoons (Fig. lOE) in a pond or stream

is usually the first, and sometimes the only, indication that the species

is there. Intraspecific and snail predation of cocoons contributes mark-

edly to the high mortality rate, about 93 percent during the first year

(Sawyer, 1970a). Like all American erpobdellids, E. punctata is a scav-

enger and predator rather than a parasite, aquatic insects and oligo-

chaetes constituting the major part of the diet. It can serve as host for

juvenile nematomorphs (Sawyer, 1971).

Distribution (Fig. 30). Erpobdella punctata is one of the most

common and widelv distributed of tlic North American leeches. It is
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especially abundant in the northern United States and Canada, but

in the southern United States it appears to be replaced as the dom-
inant erpobdellid by Mooreobdella microstoma. Published records be-

lieved reliable include Mexico (Caballero, 1941), Alaska (Meyer and

Moore, 1954), British Columbia (Clemens et al., 1939; Scudder and

Mann, 1968), Alberta (Bere, 1929; Moore, 1964), Saskatchewan

(Moore and Meyer, 1951; Oliver, 1958), Ontario (Moore, 1906, 1924b,

1936; Faull, 1913; Ryerson, 1915; ^leyer and Moore, 1954; Thomas,

1966; Judd, 1968, 1969), Manitoba, Quebec (Meyer and Moore, 1954),

New Brunswick (Richardson, 1943) , Newfoundland, St. Pierre, jNIique-

lon, and Nova Scotia (Pawlowski, 1948; Gates and Moore, 1970), Cali-

fornia (Verrill, 1875a; Hagadorn, 1958), Oregon (Mason et al, 1970),

Utah (Beck, 1954), Colorado (Verrill, 1874b, 1875a; Herrmann, 1970),

Wyoming (Verrill, 1874a; Moore, 1898), Nebraska (Verrill, 1874a),

Iowa (Mathers, 1948; Carlson, 1968), Minnesota (Moore, 1912), Wis-

consin (Muttkowski, 1918; Baker, 1924; Bere, 1931; IMiller, 1937;

Sapkarev, 1968), IMichigan (Hankinson, 1908, 1916; :\Iiller, 1937;

Kenk, 1949; Sawyer, 1968, 1970a), Illinois (Moore, 1901; Baker, 1922;

Richardson, 1925; Paloumpis and Starrett, 1960), Indiana (Moore,

1920), Ohio (Moore, 1906; Kraatz, 1921; Miller, 1929), Pennsylvania

(Verrill, 1874a; Moore, 1906, 1912), New York (Moore, 1923; Barrow,

1953), New Jersey (Verrill, 1874a), Connecticut (Verrill, 1874a; Bar-

row, 1953), Massachusetts (Verrill, 1874a; Weston and Turner, 1917),

Missouri (Meyer, 1937a) , Louisiana (Sawyer, 1967) , South Carolina

(Sa\\^er, 1971c), and Georgia (Patrick et al, 1966). It has never been

previously reported from South Carolina, Delaware, and Maryland.

GENUS NEPHELOPSIS VERRILL, 1872

This genus, represented only by N. obscura, has a conspicuous sub-

division of most of the mid-body annuli. Its phylogenetic affinities are

obscure, but several authors (e.g., Moore and Meyer, 1951) have

suggested a close relationship with the European genus Trocheta

Dutrochet, 1817, which has even more subdivisions of the mid-body
annuli. Whether Trocheta should be revised to incorporate the mono-
typic Nephelopsis will depend upon a detailed morphological and bio-

logical comparison of the two genera.

Nephelopsis obscura Verrill, 1872

Nephelopsis obscura Verrill, lS72b:135; Verrill, 1874a: 674; Verrill, lS74b:

623; Verrill, 1875a:958; Ruthven, 1906:51; Moore, 1912:123, figs. 35-36,

40; Ryerson, 1915:166; Moore, 1918:659, fig. 1009; ?Muttkowski, 1918:

391; Moore, 1922:8; Baker, 1924:109; Moore, 1924b:29; Mullin, 1926a:37;
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Bere, 1929:177; Rawson, 1930:36; Bere, 1931:440; Meyer, 1937b: 119;

Richardson, 1942:67; Richardson, 1943:90; blathers, 1948:397, pi. 4;

Pawlowski, 1948:338, fig. 5; Clever and Bangham, 1950:20; Moore and

Meyer, 1951:70; Moore, 1952:3; Pennak, 1953:315, fig. 201A; Beck, 1954:

74; Meyer and Moore, 1954:93; Ofiver, 1958:163; Moore, 1959:555, fig.

23.11; Mann, 1961b: 168, fig. 23; ^loore, 1964:2; Moore, 1966a:ll; Thomas,

1966:202; Sapkarev, 1968:226; Scudder and ^lann, 1968:208; Herrmann,

1970:5.

?N'ephelis obscura var. maculata: Forbes, 1893:216.

tNej)helis maculata: Forbes, 1893:216.

Description (Fig. 8H). Xephclopsis obscura is moderately large

(5-6 cm or larger) and is light brown with irregularly scattered black

splotches dorsally and. less commonly, ventrally. It has a two-annuli

separation of the gonopores. which are usually in the furrows, but the

female gonopore may be slightly more caudad (Figs. 9G, UK). In

earlier keys emphasis was placed on the significance of the spirally

coiled atrial cornua for distinguishing A", obscura from related erpob-

dellids, but in practice it is exceedingly difficult to distinguish it from

Erpobdella and Dina on this character alone. There is a pre-atrial loop

of the vas deferens which extends to ganglion XL Most of the mid-body

annuli are conspicuously subdivided, but this character alone is not

reliable for separating it from poorly preserved, wrinkled specimens

of Diiia or Erpobdella.

Ecology. Analyses of stomach contents of A', obscura have revealed

large numbers of insect larvae, which arc probably its basic diet

(Forbes, 1893; Aloore, 1912; Aloorc, 1966a), but it has also been re-

ported to feed upon oligochaetes. snails, dead fish, and wastes from a

fish-packing station (Aloore, 1924 1 . In the laboratory I observed an

unfed A^. obscura eating an immature individual of E. punctata. Aleyer

and Bangham (1950) found it in the air bladder of a lake trout iSalve-

linus namaycush) . The large, uniciuely shaped cocoons (Fig. lOF) were

found by myself and others on 2 and 14 Alay, 15 July, 2 August, and

7 October, which suggests a summer breeding season. The cocoons were

briefly described by Verrill f 1875a), who stated that each one con-

tained five to ten eggs or young.

Distribution (Fig. 31). Kephelopsis obscura appears to be restricted

to the cold waters of the extreme northern United States, the Rocky

Mountain region, and Canada. Published records believed valid include

British Columbia (Clemens et cd., 1939; Scudder and Alann, 1968),

Alberta (Bere, 1929; Aloore, 1964), Saskatchewan (Aloore and Aleyer,

1951; Oliver, 1958), Ontario (Ryerson, 1915; Aloorc, 1924; Thomas,

1966j,Utah (Beck, 1954), Wyoming (Forbes, 1893), Colorado (Verrill,

1874b, 1875a; Herrmann. 1970 1. Alinnesota (Aloore, 19121, Iowa
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(Mathers, 1948), Wisconsin (Verrill. 1874a; ^luttkowski, 1918; Baker,

1924; Bere, 1931; Pawlowski, 1948; Sapkarev, 1968), and Michigan

(Ruthven, 1906; Adams, 1908). It has not been found south of Iowa,

Wisconsin, Michigan, or Ontario.

GENUS DINA R. BLANCHARD, 1892

Various authors have considered Dina a subgenus of Erpobdella,

with which it shares the presence of a pre-atrial loop of the vas deferens

to ganglion XI, but it differs in having every fifth annulus widened

and subdivided. In practice it is usually difficult to distinguish such

subdivision in Dina from wdnkled, preserved Erpobdella or Mooreob-

della. Several species of Dina live in Europe and Asia, and at least two

species, D. dubia and D. parva, occur in the midwestern United States.

An obscure species, the eyeless D. anoculata, from California has

barely been mentioned in the literature since the original description

by Moore (1898). The poorly defined D. lateralis is probably a syn-

onym for Erpobdella punctata.

Dina parva Moore, 1912

Di72a parva Moore, 1912:125, figs. 33-34, 41, 43; Moore, 1918:650; Moore,

1920:90; Moore, 1922:8; Baker, 1924:109; Moore, 1924b: 30; Richardson,

1925a: 373; Mullin, 1926a: 37; Bere, 1929:177; Rawson, 1930:36; Bere,

1931:440; Moore, 1936:114; Mathers, 1948:397; Moore, 1949:38; Pen-

nak, 1953:316, figs. 200C, D; Mej^er and Moore, 1954:92; Oliver, 1958:163;

Moore, 1959:556; Mann, 1961b: 168; Moore, 1964:2; Moore, 1966a: 11;

Thomas, 1966:202; Meyer, 1968:24; Sapkarev, 1968:226; Herrmann, 1970:

5; Mason eta/., 1970:R323.

Description (Fig. SB). This poorly known species is the only Amer-

ican erpobdellid with the following combination of characters: a pre-

atrial loop of the vas deferens extending to ganglion XI, every fifth

annulus widened and subdivided, gonopores usually separated by three

and a half annuli, and the typical smoky-blue coloration of other un-

pigmented erpobdellids. The arrangement of the gonopores is similar

to that of D. dubia, the male gonopore being on the ring and the female

being in the furrow three and a half annuli caudad (Fig. 9B). Moore

(1922, 1936) has reported individuals with only two and a half and

three annuli between the gonopores respectively. The large male bursa,

which in the few specimens examined appears to be protruded cephalad

much more often than in D. dubia, is cylindrical with a flattened tip.

Dina parva is so closely related to the conspicuously pigmented D.

dubia that the possibility that they represent two forms of the same
species needs to be investigated. Earlier keys distinguished them on the
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basis of size, D. parva supposedly never larger than 2 cm and D. dubia

usually about 4-5 cm, but in Hammond Bay, Michigan, an individual

of D. parva, 4.2 cm long, was found which was otherwise identical to

the smaller individuals of the same population.

Ecology. Almost nothing is known about reproduction and feeding

of this species. Mathers (1948) reported it to be predacious, feeding

upon aquatic insect larvae, snails, and worms, and Moore (1920) re-

ported it to be a scavenger, feeding upon dead turtles and a dead shrew.

Distribution (Fig. 32). Dina pc^rva is a relatively uncommon species

of the Great Lakes region which, like D. dubia, has a northern distri-

bution. Published records believed reliable include Alberta (Bere,

1929), Saskatchewan (Oliver, 1958), Lake Simcoc, Ontario (Raw-

son, 1930), Lake Xipigon (Moore, 1924b), Lake Nipissing (Moore,

1936), Lake Superior (Thomas, 1966), Colorado (Herrmann, 1970),

Iowa (Mathers, 1948), ^Minnesota (Moore, 1912), Oregon (]\Iason

et al, 1970), Wisconsin (Baker, 1924; Bere, 1931; Sapkarev, 1968),

Indiana (IMoore, 1920), and Illinois (Richardson, 1925a).

Dina dubia Moore and Meyer, 1951

Dina dubia ^loore and Aleyer, 1951:70; Beck, 1954:74; Alever and Aloore,

1954:66; Ohver, 1958:163; Moore, 1959:556; Mann, 1961b :16S; Mathers,

1963:173; Moore, 1964:13; Moore, 1966a: 11; Mever, 1968:23; Herrmann,
1970:5.

Description (Fig. 8A) . This moderate-sized species, 2.5-5 cm, is the

only American erpobdellid with the following combination of char-

acters: a pre-atrial loop of the vas deferens, gonopores separated by

three and a half or four annuli (Fig. 9A) , and a heavily mottled dorsum,

usually with a middorsal stripe. The dark greenish dorsum of most

individuals is heavily mottled with a black pigment, especially along

the middorsal line, to create a characteristic dark middorsal stripe.

However, a number of individuals can often be found even within a

population with the stripe missing or poorly developed.

Ecology. I encountered a breeding population on 8 May 1967 in

southern Michigan (water 12°C). Individuals isolated in separate

laboratory containers laid an average of 7.9 (5-13) cocoons per indi-

vidual (Fig. 12D), each cocoon containing on the average 4.15 (1-9)

eggs (Fig. 12E). Like the other American erpobdellids studied, the rate

of cocoon-laying decreased rapidly after the initial outburst. Little is

know^n about its diet, except that insect larvae were found in the guts

of dissected individuals.

Distribution (Fig. 32). Dina dubia appears to be a northern species

distributed from the Great Lakes west to Alaska. Publislied records
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believed reliable include only Alaska (Moore and Meyer, 1951), Al-

berta (Moore, 1964), Saskatchewan (Oliver, 1958), Colorado (Herr-

mann, 1970), Utah (Beck, 1954), and Iowa (Mathers, 1963). It has

never been previously reported from Missouri, Illinois, and Michigan.

GENUS MOOREOBDELLA PAWLOWSKI, 1955

On the basis of their lack of a pre-atrial loop of the vas deferens

extending to ganglion XI, Pawlowski (1955) removed Dma fervida,

D. microstoma, and D. bucera from the genus Ditia and placed them

in Mooreohdella, a new subgenus of Erpobdclla.

Moore (1959) later recognized JSIooreobdella as a distinct genus,

whereas other authors (Soos, 1963, 1966) considered Mooreobdella to

be a subgenus of Dina, the systematic position of which is still un-

settled.

Only three species of Mooreobdella have been described, M. fervida

(Verrill, 1874a), M. microstoma (Moore, 1901), and M. bucera

(Moore, 1949) , none of which has been found as far south as Mexico.

Other forms of Mooreobdella will probably be discovered eventually,

most likely among the poorly known leech fauna of the southern states.

Mooreobdella fervida (Smith and Verrill, 1871)

Nephelis fervida Smith and Verrill, 1871:451; Verrill, lS72b:134; Verrill,

lS74a:676; Moore, 1952:3; Moore, 1953:11.

Dina fervida: Moore, 1901:535, fig. 36; Moore, 1906:157, fig. 6; Hankinson,

1908:232; Moore, 1912:127, fig. 42; Hankinson, 1916:118; Moore, 1918:

660, fig. 1010; Moore, 1920:90; Moore, 1922:8; Mullin, 1926a: 37; ?MiIler,

1929:34; Moore, 1936:114; ?Meyer, 1937a: 250; Meyer, 1937b: 119; Mil-

ler, 1937:85; Richardson, 1942:68; Richardson, 1943:89; Mathers, 1948:

397, pi. 3; Pawlowski, 1948:318; Moore, 1949:38; Moore and Meyer,

1951:73; Moore, 1952:3; Moore, 1953:11; Pennak, 1953:316, fig. 20iE;

Meyer and Moore, 1954:92; Oliver, 1958:163; Herrmann, 1970:5.

Dana fervida: Mathers, 1948:412.

Mooreobdella fervida: Moore, 1959:555, fig. 23.13; Fredecn and Shemanchuk,
1960:733; Mann, 1961b: 167; Moore, 1964:2; Moore, 1966a: 11; Sawyer,

1967:35; Herrmann, 1970:2.

Description (Fig. 8G). This small (2-4 cm) smoky-gray species

is usually without any black pigmentation. An occasional individual or

even a population, however, is encountered with numerous minute

black chromatophores scattered throughout the dorsal and ventral

surfaces. The gonopores are separated by two annuli (Fig. 9E), usually

in the furrows. Mooreobdella fervida most closely resembles M. bucera,

with which it may someday prove conspecific, but differs somewhat in

the arrangement of the atrial horns, those of M. fervida projecting

more cephalad.
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Ecology. Apart from a few cocoons of M. jervida encountered on

27 jMay (water 23.5°C) in southwestern Michigan, ahnost nothing is

known about its breeding habits.

]\Ioore (1912, 1920) reported that its stomach contents inchided

mainly tubificid worms and some insect larvae and that it is commonly

found on dead animals (coot, duck, shrew) at the water's edge.

Distribution (Fig. 33). Mooreobdella jervida, represented in the

present study from a few localities in Illinois, Michigan, and Minne-

sota, is a northern species which occurs over much of Canada and the

northern United States. It is not known from the western and north-

eastern states nor any farther south than extreme northern Illinois,

Indiana, Ohio, and Pennsylvania, where it becomes replaced by the

closely related southern species M. microstoma. Published records

thought to be valid include Alberta (Moore, 1964) , Saskatchewan (Oli-

ver, 1958), Ontario (Moore, 1906, 1936), Nova Scotia (Meyer and

Moore, 1954), Prince Edward Island, New Brunswick (Richardson,

1943), Colorado (Herrmann, 1970), Minnesota (Moore, 1912), Iowa

(Mathers, 1948), Michigan (Hankinson, 1908, 1916; Miller, 1937),

Illinois (Moore, 1901), Indiana (Moore, 1920), Ohio (Moore, 1906;

Miller, 1929) , and Pennsylvania (^loore, 1906).

Mooreobdella microstoma (Moore, 1901)

Dina microstoma Aloore, 1901:587, fig. 37; Moore, 1906:157; Aloore, 1912:

128; Moore, 1918:659; Richardson, 1928:407; Miller, 1929:10; Moore,

1936:114; Meyer, 1937a: 250; Miller, 1937:90; ?Kenk, 1949:38; Moore
and Meyer, 1951:73; Pennak, 1953:316; Meyer and Moore, 1954:66;

Meyer, 1968:23; Herrmann, 1970:5.

Mooreobdella microstoma: Moore, 1959:555; Mann, 1961b: 167; Sawyer,

1967:34; Meyer, 1968:26.

Description (Fig. 8E). This small (3-5 cm) smoky-gray (unpig-

mented) species can always be distinguished from its congenitors,

M. jervida and M. bucera, by having a three-annuli separation of the

gonopores rather than two annuli (Fig. 9C). They usually lie in the

furrows rather than on the rings, but an occasional individual can be

found with the gonopores slightly upon the rings (Fig. IIH) . The atrial

horns usually project laterad at right angles to the body axis, whereas

the horns of both M. jervida and M. bucera project somewhat cephalad

(Figs. 9C-E). Occasionally an individual of M. microstoma is found,

however, in which one or both of the horns project slightly cephalad

(Fig. IIA).

Ecology. Numerous cocoons (Fig. lOA) of M. microstoma were en-

countered on 1 June 1967 in the Raisin River in southeastern Michigan
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(water 19°C), but otherwise almost nothing is known about its breed-

ing habits. The species is a host for juvenile nematomorphs (Sawyer,

1971c).

Our knowledge of its feeding habits consists of the brief report by
Miller (1929) of finding small tubificid worms in the stomachs of the

few individuals examined.

Distribution (Fig. 33). Mooreobdella microstoma is especially abun-

dant in the southern states, extending up the Mississippi and Ohio

River systems and into Lake Erie. It occurs as far north as extreme

northern Illinois and Indiana and barely gets into extreme southeastern

Michigan and the southern shores of Lake Erie, where it slightly over-

laps the range of the closely allied northern form M. jervida. The oc-

currence of M . microstoma north of Illinois and Lake Erie and in the

western and northeastern states has not been confirmed, in spite of one

or two reports to the contrary (Gee, 1913; Moore, 1936). Although it

has been found in southeastern Texas, it has not yet been found in

Mexico.

Published records thought to be valid include Illinois (Moore, 1901

;

Richardson, 1928), southeastern Michigan (Kenk, 1949), Ohio (Moore,

1906; Miller, 1929), northwestern Pennsylvania (Moore, 1906), Mis-

souri (Meyer, 1937a), Colorado (Herrmann, 1970) , Louisiana (Sawyer,

1967), and South Carolina (Sawyer, 1971c). It has not been previously

reported from Kansas and Texas.

Mooreobdella hucera (Moore, 1949)

Dina bvcera Moore, 1949:38; Moore and Mever, 1951:73; Moore, 1953:9,

fig. 2, pi. 1; Meyer, 1968:23.

Mooreobdella bvcera: Moore, 1959:555; ^lann, 1961b:167; Sawver, 1967:35;
Meyer, 1968:26; Sawyer, 1968:228.

Description (Fig. 8F). Mooreobdella bucera, which is a small (2-3

cm) smoky-gray species without any black pigmentation, has the gon-

opores separated by two annuli (Fig. 9D). The atrial horns of M.
bucera may in some ways be considered intermediate between M. mi-

crostoma and M. jervida, but it most closely resembles the latter. The
circumesophageal nerve commissure appears as a characteristic white

band around the neck. Earlier keys (Moore, 1959; Mann, 1961b)

erroneously separated M. bucera and M. jervida on the basis of the

relative position of the gonopores. Although some populations of M.
bucera have the gonopores primarily in the furrows (Figs. IIC, D),
an examination of 51 individuals from Earhardt Pond, Michigan,

located only a few miles from the type-locality of M. bucera, corrobo-

rated Moore's (1953) observation that most had the gonopores on the
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Table 1

SUMMARY OF OBSERVATIONS ON A POPULATION OF M. BUCERA
Observations were made at Earhardt Pond, Washtenaw Countj^ Michigan,

during the spring of 1967. The numbers and weights refer to the individuals col-

lected at monthly intervals in a one-hour period starting one hour after sunset.

T^ ,-r Mean Weight Range „
Date N , , , , Temperatttre

(mg) (mg)

Water
PERA":

(°C)

5 March Iced over 0.3

5 April Partially iced over 15.0

9 April First appearance of M. hucera 13.0

16 April First cocoons 15.0

6 IVIay 51 84.9 50-140 15.0

3 June 19 74.2 25-105 18.0

6 July 23.5

rings, the position of the female pore A-arying shghtly (Figs. IIE-G).

There is a need for a detailed comparison of M. hucera and M. fervida.

Ecology. The little evidence available suggests that M. hucera may
appear in the spring somewhat later than Erpohdella punctata. On the

nights of 29 March (water 3.5°C), 30 March (5.5°C), and 1 April

(7.5°C) both species had begun to deposit cocoons (Table 1). On
10 April individuals of M. hucera from Earhardt Pond were isolated

in individual laboratory containers. On the average each individual

laid 4.6 cocoons (Fig. 12B), each of which contained an average of

5.95 eggs (Fig. 12C) . The cocoons deposited initially contained an

average of over 7.1 eggs, after which the number of eggs decreased

rapidly to 6.6 on the second day and to 5.6 on the fifth day (Fig. 12A)

.

Similarly, the number of cocoons deposited per individual was greatest

initially, after which the number rapidly declined.

The process of cocoon deposition in M. hucera was observed a num-

ber of times and closely resembles that described for Ej^pohdella punc-

tata by Sawyer (1970a). The clitellar secretions form an elastic band

or incipient cocoon which adheres to the substrate. After loosening the

cocoon from the skin by several rotations of the body, the body slips

posteriorly, leaving the flaccid cocoon attached to the substrate in its

initial position. The cocoon is shaped somewhat by the anterior sucker

and is later ventilated by undulating movements of the body. There

was no opportunity to observe whether this ventilation would continue

if the cocoon were removed, as it does in Erpohdella punctata. One

apparent difference noted betw^een M. hucera and E. punctata is that

no intraspecific predation of cocoons was ever observed in M. hucera,
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despite numerous opportunities on the part of the leeches to eat the

newly laid cocoons. Such intraspecific predation of cocoons was com-

monly observed in E. punctata under essentially the same laboratory

conditions (Sawyer, 1970a).

Mooreohdella bucera seems to have a preference for small tempo-

rary and permanent ponds without drainage and is not usually found

in lakes, rivers, or even large streams (Kenk, 1949; Sawyer, 1968).

This is in apparent contrast to its congenitors, M. fervida and M. mi-

crostoma, both of which abound in lakes and rivers. Little is known
about the feeding habits of M. bucera, but, like the other American

erpobdellids, it is probably a scavenger and predator rather than a

parasite.

At monthly intervals from March to July 1967 a population of M.
bucera was investigated at Earhardt Pond (Table 1). The peak num-

ber of individuals occurred from mid-April to early May, after which

there was a decline. No adult M. bucera were found after mid-June.

It is probable that they died after the breeding season because in the

laboratory all the M. bucera died after breeding, unlike Erpobdella

punctata, which were kept under essentially the same conditions. In

order to get a picture of the population structure and life cycle of

M. bucera, the 51 individuals collected on 6 May, just after the peak

of the cocoon-laying period, were weighed, using a method similar to

that of Mann (1953). Judged from the size of the gonopores and con-

dition of the clitellum, all of the individuals were sexually mature. The
distribution of the individual weights was unimodal, with a mean at

84.9 mg and a range of 50-140 mg. A similar collection made a month

later on 3 June, toward the end of the breeding season, also had a

unimodal distribution, with a mean at 74.2 mg and a range of 25-105

mg. There seemed to be a considerable individual weight loss by the end

of the reproductive season, a phenomenon also noted in Erpobdella

punctata by Sawyer (1970a). The unimodal weight distributions, the

absence of juveniles during the breeding season, and the decline in the

numbers of adults after the breeding season all suggest a simple annual

life cycle for M. bucera, at least in the permanent pond studied.

Distribution (Fig. 33). This poorly defined species had previously

been reported only from Washtenaw and Livingston counties, ]Mich-

igan (Kenk, 1949; Sawyer, 1968), the same counties in which it was

encountered in the present study. The restricted range of this species

lies along the extreme southern part of the range of the closely related

form M. fervida, near or in the area of apparent overlap of the ranges

of the latter and M. microstoma.
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Family Hirudinidae *

GENUS HAEMOPIS SAVIGNY, 1820

The genus Hacmopis includes the largest and, in some ways, the

most interesting of the Holarctic leeches, but little is known about the

ecology, morphology, and systematic standing of the various species

(Soos, 1969). Europe has only one representative, H. sanguisuga (L.),

whereas the northern United States and Canada have six described

forms. Of these six species, only H. marmorata, H. grandis, and H. ter-

restris, by far the most common and widespread, will be discussed

below. The other three, more obscure, forms are presented only in the

key. The revision of North American Haemopis by Richardson ( 1969)
,

who placed H. marmorata, H. terrestris, H. lateromaculata, and H.

kingi into the new genus Percymoorefisis and placed H. grandis and

H. plumbea into the monotypic genera Mollibdella and Bdellarogatis

respectively, has not yet been generally accepted by students of the

genus. In light of the detailed morphological investigations of H.

marmorata, H. grandis, and H. terrestris presented below, I cannot sup-

port the proposed revision in this study.

The genus can be separated into two groups on the basis of the

degree of subdivision of the VllaS and Vlllal annuli, those of H.

terrestris being completely subdivided and those of all other species

being undivided or only faintly subdivided dorsally. The systematic

significance of this useful character is still unsettled. Without a large

sample of several species of Haemopis it may be difficult to judge with

certainty whether the VllaS and Vlllal annuli are, indeed, subdivided.

In the absence of distinct metameric guidelines, counting the dorsal

annuli is useless because the dorsal parts of these annuli may have

shallow furrows suggestive of incipient subdivisions, the ventral parts

remaining distinctly undiAdded. A more reliable method is to count

only the ventral annuli from the oral cavity to the male gonopore, but

even in this method one should not be confused by the varying degrees

of subdivisions of the ventral aspects of the first two annuli (V and

Vial) behind the oral cavity. If one lets the annulus bearing the fifth

pair of eyes be the second ventral annulus, H. terrestris has 27 distinct

annuli from the oral cavity to the annulus (XIb6) bearing the male

gonopore, whereas H. marmorata, H. grandis, and apparently all other

species of Haemopis have only 25 annuli (Figs. HD-F)

.

*The widely accepted familial name Hirudinidae is based etymologically on the

stem of hirudinis, the Latin genitive singular of hirudo, and should always be

used in preference to Hirudidae (Art. 29a of International Code). See Richardson,

1969; Soos, 1969.
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The presence or absence of jaws and teeth is another useful character

in this genus, but until its true systematic significance is settled, too

much reliance on this single character may lead to an unnatural classi-

fication. Shortened posterior crop caeca may correlate with the absence

of jaws and teeth.

Reliable identifications of the various species of Haemo-pis require

careful dissection and cannot be based solely on such external char-

acters as color and pigmentation, except possibly for the distinct

H. terrestris. The degree of mottling in the two most common species,

H. marmorata and H. grandis, is especially subject to so much inter-

and intrapopulation variation that misidentifications can easily occur.

My confusion over the identifications of living individuals of H. mar-

morata and H. grandis, even within the same population, was removed

only after dissections were made (Fig. 15)

.

Haemopis marmorata (Say, 1824) Moore, 1901

Hirudo marmoratis Say, 1824:266.

Democedes macidatus: Kinberg, 1867:356; Verrill, lS72b:137; Verrill, 1874a:

671; Moore, 1952:3.

Aulastomum. lacustris: Leidy, 1868:229.

- Aulastomum lacustre: Verrill, 1872b: 135; Verrill, 1874a: 670; Verrill, 1874b:

623; Verrill, lS75a:958; Pawlowski, 1948:335; Aloore, 1952:3; Beck,

1954:73.

Hexabdella depressa: YervWl, lS72b:136; Verrill, 1874a :673; Moore, 1952:3.

Aidostoma lacustris: Forbes, 1893:218.

IHaemopis sanguisuga : Blanchard, 1896b: 3.

Haemo-pis marmoratis: ?Moore, 1898:560; Moore, 1901:519, figs. 7, 24, 26,

33-34; Ward, 1902:275; Moore, 1912:110, fig. 32; Cahn, 1915:123; Eyer-
son, 1915:166; Hankinson, 1916:118; Moore, 1918:658, figs. 1006-1007;

Moore, 1920:94; Moore, 1922:8; Moore, 1923:15; Moore, 1924b: 28; Miller,

1929:10, fig. 8; Rawson, 1930:35; Bere, 1931:439; Miller, 1933:343; Moore,
1936:114; Meyer, 1937a: 250; Meyer, 1937b: 118; Miller, 1937:85; Rich-

ardson, 1942:68; Miller, 1943:198, figs. 1-3; Richardson, 1943:89; Miller,

1944, 43:177, figs. 1-6; Miller, 1944, 44:31, figs. 1-6; Miller, 1945:233, pis.

1-2; Mathers, 1948:397, pi. 2; Pawlowski, 1948:333, fig. 4; iMoore and
Meyer, 1951:68; Pennak, 1953:317, fig. 201H; blathers, 1954:460; Meyer
and Moore, 1954:91; Mathers, 1963:168; Lynch et al.. 1968:310; Scudder
and Alann, 1968:208.

Haeynopis marmoratus : Hankinson, 1908:232; Moore, 1920:90.

Haemopis marmorata: Moore, 1923:38, pi. 1; Bere, 1929:177; Moore, 1952:3;

Beck, 1954:73; Oliver, 1958:163; Moore, 1959:554, fig. 23.10; Mann,
1961b: 164; ^loore, 1964:2; Moore, 1966a: 11; Sapkarev, 1968:226; Cliftord,

1969:583; Herrmann, 1970:5.

Haemopsis marmoratis: Mullin, 1926a :3(i, })1. Ill, fig. 1; Miller, 1942:45, figs.

1-4.

Percymoorensis marmoratis : Richard.-^on, 1969:123, figs. 4B, 6B.

Haemopis marmorate : Gates and Moore, 1970:45.
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Table 2

VARIATIONS OF REPRODUCTIVE AND DIGESTIVE SYSTEMS OF H. MARMORATA
(14 individuals from 4 states)

EXGTH (cm) 6.8 4.4 6.2 7.9 5.4 5.1

)rigin Missouri Delaware Illinois Illinois Michigan Michigan

'OLOR Light Light Light Typical Typical Typical

osTERiOR Extension:

penis sheath XVI ?i XVI 3 2 XVI 3 2 XVI

M

XVII 3< XVIII

K

vaginal stalk XVIK XVII XV3^ XV14 XVI^ XVI 3-2

crop caeca XXIII XXII 3^ XXIII XXII

M

XXII XXII 3/2

{atio of Short and Long Arms
OF Penis Sheath 1:2.0 1:2.0 1:1.9 1:1.5 1:2.0 1:1.7

'osition :

center of ovary XIV XIV32 XIII 3 2 XIIIM XIVH XIII

H

anterior edge of prostate gland XIV XIII

M

XIII 3i XIIIM XIVM XIIIi^

sperm sacs, left XII-XIII12 XII-XIV XII-XIIIi^ xiM-xiii XIM-XIV XIi^-XIVi'

sperm sacs, right XIPa-XIli XII14-XIVM XI3i-XII3^ XIIM-XIV XII-XIII3^ XII-XV
Ielative to Nerve Cord :

male opening Right Left Left Right Left Right

female opening Right Left Left Right Left Right

penis sheath Right Left Left Right Left Right

vaginal stalk Right Left Left Loft Left Right

Description (Fig. 13D). After dissecting over two dozen individuals

of H. marmorata from a number of localities (Sawyer, 1969), two dis-

tinct but variable color forms were found which could not be separated

on the basis of the morphology of the reproductive and digestive sys-

tems (Table 2). The typical form has a heavy mottling wdiich covers

both the dorsal and ventral surfaces, including the posterior sucker.

This mottling consists of dense, closely confluent black, green, and a

few yellowish chromatophores, which make the animal appear dark

green or even almost black from a distance. Light cream-colored

patches appear wherever the chromatophores are sparse or missing. In

heavily pigmented individuals small whitish dots representing meta-

meric sensillae are the only signs of metameric pigment patterns, even

in the young, which have the same mottled appearance as the adult.

The other color variant, which lacks the heavy mottling of the typical

form and superficially resembles H. grandis, with which it was often

erroneously identified on external examination alone, is a light slate-

gray color with a few small black blotches scattered dorsally and ven-

trally. The occurrence of both varieties side by side in Cook County,

Illinois, without any intermediate forms suggests the possibility that

the heavily mottled and light forms may be sibling species, but whether

these pigmentation differences are combined with other differences of

enough systematic importance to justify such a view needs to be

investigated.
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7.5 4.5 6.3 7.3 7.2 5.S 5.9 5.0

Michigan Michigan Michigan INIichigan Michigan Michigan Michigan Michigan

Typical Typical Typical Typical Typical Typical Typical Typical

XVIII XVI XVII XVII XVII I ^ XVII

M

XVI 3< XVIi.^

XVII XV XVI XV XVM XVI XVM XV3^
XXII? 2 l.XXII

r. XXIII 1

2

XXII 1 2 XXIII XXIII XXIII XXIIIM XXIIIJ^

1:3.1 1:2.0 1:1.7 1:2.0 1:1.4 1:1.8 1:1.9 1:1.5

XIV3^ XIII 14 XIII 1

2

XIII XIV XIV XIII XIV}4
XVM XIV XIV XIV XIV XIVi^ XIV XIII

K

iii-xiVM XIIM-XIIIM XIIi'2-XIV XII-XIV XI-XIII XIP4-XIVM XII-XIII XII-XIIIH
XII-XIV XII2-XIII XII-XIII12 XI-XIII XP4-XIII XII-XIIIM XII-XIII}^ XII-XIIIH

Left Left Left Left Left Left Right Left

Left Left Left Left Left Left Left Left

Left Left Left Left Left Left Right Left

Left Right Right Left Left Left Left Left

Haemopis marnwrata has an exceedingly long and ^^lender penis

(Pawlowski, 1948, fig. 4) , which is rarely protruded in preserved speci-

mens, unlike that of H. grandis. The gonopores, which are separated

by five to five and a half annuli, are usually on the anterior third of

their respective annuli, but their actual positions are subject to much
variation (Fig. 16C) . The position of each gonopore varies from the

middle of the ring to the next anterior furrow independently of the

other gonopore, with the result that a number of intermediate varia-

tions are commonly encountered between the extreme conditions in

which both gonopores are in the middle of the ring (b6) or in the fur-

row (b5/b6).

Dissections were made of 14 individuals of H. marmorata represent-

ing nine localities in ^lichigan, Illinois, INIissouri, and Delaware and

ranging in size from 4.4 to 7.9 cm (Sawyer, 1969). Distinctive charac-

teristics of this species are the position of the anterior part of the

prostate gland (XIIII/4-XVI/2,* usually XIV) , the posterior flexion of

the penis sheath (XVI-XVIID/i, usually al)Out XVIT), the ratio of

the short and long arms of the penis sheath (1:1.4 to 1:2.0, with one

individual at 1:3.1, usually 1:2.0), the position of the center of the

ovaries (XII-XIVVo, usually about XIII34), the posterior extension

*The fractional measurements used in this study refer to the fractional distance

between two ganglia; e.g., X.% means three-quarters of the distance between
ganglia X and XI, or halfway between X/XI and XI.
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of the vaginal system (XV-XVII, usually about XVI) , and the pos-

terior extension of the large posterior crop caeca (XXII-XXIIII/2,

usually XXIII) (Figs. 15E, H). The sperm sacs, which are usually

located at Xll-XIIiy-, vary in position from XI-XII14 to XIII-XV.

The male and female openings, the penis sheath, and the vaginal stalk

are usually left of the nerve cord, but one or more may be positioned

to the right of the nerve cord. In some individuals there is a tendency

for the posterior crop caeca to be confluent with the intestine between

XIX and XX, resulting in an apparently shortened intestine. The

intestine usually begins at XIX, but the intestine of one individual

began at XX. The ordinarily large, well-developed albumen gland is

sometimes small and poorly developed, and the common oviduct varies

from being straight to much coiled. The relatively small, compact

epididymis, which is usually along the entire length of the sperm sac,

often protrudes posteriorly beyond the end of the sperm sac (Figs.

15A, B) but is never so pronounced as in H. grandis. The condition

of the epididymis, common oviduct, and albumen gland, and the posi-

tion of the sperm sacs and male and female openings relative to the

nerve cord, appear to be relatively unreliable systematic characters in

this species.

Haemopis marmorata, a moderate-sized species represented in the

present study by individuals from 2.0 to 8.0 cm, has a remarkably

flaccid body that drapes limply between the fingers when picked up.

Ecology. In Ontario and Michigan H. marmorata is known to make
mass movements or migrations upstream in late spring (Eichardson,

1942; Sawyer, 1970b), but the significance of these movements is not

yet clear. Other aspects of the behavior, neuroanatomy, and neuro-

physiology of this species were investigated by jNIiller in a series of

papers from 1935 to 1945.

In the daytime this amphibious leech is usually found only partially

submerged in water under large rocks and logs at the water's edge.

In the laboratoiy also it will rest with part or all of its body out of

the water and will often crawl completely out of its container. At night

I have observed H. marmorata at the shoreline eating small inverte-

brates, especially pulmonates (Physa) , slugs, and oligochaetes. Young
individuals eat only the soft parts of the snails, leaving the shells,

whereas larger individuals eat the entire snail, shell and all. Stomach

contents included partially digested pulmonates, their shells, and large

oligochaetes. Like most Haemopis, H. marmorata is a predator and

scavenger rather than a bloodsucking parasite and has been reported

eating oligochaetes, insect larvae, pelecypods, dead fish, and other

leeches {Helobdella stagnalis, Erpobdella punctata, Dina dubia, and
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other H. marmorata) (Moore, 1912, 1924b; Moore, 1966). In spite

of the reports that it will attach to man (Moore, 1912; Beck, 1954),

there is no evidence that this species will actually suck the blood of

humans.

Large H. marmorata were often encountered with from one to many
individuals of both Helobdella stagnalis and Glossiphonia complanata

attached to their backs. Judged from their engorged guts, the latter

but not the former were feeding. A few individuals were found heavily

infested with metacercariae as in earlier reports (Meyer and Moore,

1954).

The breeding habits of this si)ecies, which lays its eggs in sclerotized

cocoons deposited in the mud or damp earth along the shores of lakes

or streams (Mathers, 1948) , are practically unknown but probably

closely resemble those described in detail for H. kingi by Mathers

(1954). Newly hatched young have been found from 30 June to mid-

October (jMoore, 1922; Moore, 1966), suggesting that breeding occurs

from late spring to early summer.

Distribution (Fig. 34). Haemopis marmorata is the most widely

distributed and most commonly encountered hirudinid in North Amer-

ica. Published records believed reliable include Alaska (Moore, 1898;

Aloore and Meyer, 1951), Northwest Territories (Moore, 1964), Brit-

ish Columbia (Clemens et al., 1939; Scudder and Mann, 1968), Alberta

(Bere, 1929; Moore, 1964; Clifford, 1969), Saskatchewan (:\Ioore and

]\Ieyer, 1951; Oliver, 1958), ^Manitoba (Meyer and Moore, 1954), On-

tario (Faull, 1913; Ryerson, 1915; Moore, 1924b, 1936; Rawson, 1930;

Aleyer and Moore, 1954), Quebec (Meyer and Moore, 1954), New-
foundland (Blanchard, lS96b; Pawlowski, 1948), Nova Scotia (Paw-

lowski, 1948), Prince Edward Island (Aloore, 1922; Richardson, 1943),

New Brunswick (Richardson, 1943) , St. Pierre and ]\Iiquelon (Blan-

chard, 1896b), Wyoming (Moore, 1898), Utah (Verrill, 1874b; Beck,

1954), Colorado (Verrill, 1874b; Herrmann, 1970), New Alcxico (Ver-

rill, 1874b), Kansas (Moore, 1898), Nebraska (Ward, 1902), Iowa

(Mathers, 1948), Minnesota (Moore, 1912), Wisconsin (Calm, 1915;

Bere, 1931; Sapkarev, 1968) , Michigan (Leidy, 1868; Hankinson, 1908,

1916; Miller, 1937), Illinois (Moore, 1901), Missouri (Aleyer, 1937a),

Indiana (Aloore, 1920), Ohio (Miller, 1929), New York (Moore, 1923),

Connecticut (Verrill, 1874a), and Pennsylvania (Moore, 1912). The

finding of this species in Delaware in the present study is the first

record for that state.

Its occurrence west of Utah and Wyoming and south of Kansas, ]Mis-

souri, and Delaware has not yet been documented.
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Haemopis grandis (Verrill, 1874)

Setiiiscolex grandis \evvil\, lS74a:672; Forbes, lS90a:119; Aloore, 1952:3.

Haemopis grandis: Ruthven, 1906:51; Moore, 1912:116, figs. 26-28, 37; Rver-
son, 1915:166; ^loore, 1918:658; Moore, 1922:8; Moore, 1923:15, pL 1;

Moore, 1924b: 29; Bere, 1929:177; Miller, 1929:10: Rawson, 1930:36; Bere,

1931:439; Aleyer, 1937b: 118; Miller, 1937:85; Townes, 1937:167; Rich-

ardson, 1943:90; Mathers, 1948:419; Moore, 1952:3; Pennak, 1953:317,

fig. 201L; Mathers, 1954:460; Meyer and Moore, 1954:91; Rupp and
Meyer, 1954:294; Oliver, 1958:163; Moore, 1959:555; Mann, 1961b: 165;

Mathers, 1963:168; Moore, 1964:2; Moore, 1966a: 11; Thomas, 1966:202.

Mollihdella grandis: Richardson, 1969:117, figs. 3D, 6D.

Description (Fig. 13E). The uniform ground color of typical H.

grandis varies from slate gray or light brown to a dark green and has

from a few to many irregularly spaced black blotches. The dorsum is

usually, but not always, somewhat darker and has more blotches than

the venter, which may be pigment-free. There is some variation in the

number of blotches from almost complete absence to 25 or even more.

In at least one population the dorsal blotching approached the heavy

mottling found in H. marmorata and led momentarily to misidentifi-

cation with that species.

There are no signs of metameric pigment patterns in the young or

adults. Especially in small individuals there may often be broad yellow

marginal bands, but they are usually not as distinct as those in the

more heavily pigmented H. terrestris, which usually has a conspicuous

black middorsal stripe not found in H. grandis.

The penis, which is short (9-10 mm) and thick, is commonly pro-

truded in preserved specimens. The gonopores are often in, or almost

in, furrows (b5/b6) but occur just as frequently, even within the same

population, on the anterior third or, more uncommonly, in the middle

of the rings (b6) (Fig. 16B).

Dissections were made on seven individuals of H. grandis represent-

ing four localities in Michigan and ranging in size from 2.9 to 10.5 cm
(Figs. 15F, I, Table 3) (Sawyer, 1968). Distinctive characteristics of

this species are an unusually large, loose epididymis extending caudad

well beyond the tip of the sperm sac (Fig. 15C), the position of the

anterior part of the prostate gland (XI14-XII, usually XI14) , the pos-

terior flexion of the penis sheath (XII-XIV14, usually XIII), the

ratio of the short and long arms of the penis sheath (1:1.0 to 1:1.8),

the position of the center of the ovaries (XIII/2), the posterior exten-

sion of the vaginal system (XII^-XV, usually XIVV2); and the pos-

terior extension of the narrow posterior crop caeca (XXIi4-XXIIIi/4,

usually XXII). The sperm sacs, which are usually located at XII/2-

XIII, vary in position from XI-XIDA to XIIVo-XIIF^. The male and
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female openings, penis sheath, and vaginal stalks are usually to the

right of the nerve cord, but one (usually the female system) or more

can be positioned left of the nerve cord. The intestine usually begins

at XIX, but in one individual it began slightly anterior at XVIII34.

The albumen gland is usually large and elongate, but the common
oviduct varies from short and coiled to long and straight. The condi-

tion of the common oviduct and the albumen gland, and the position

of the sperm sacs and the male and female openings relative to the

nerve cord, are subject to so much variation that they are relatively

unreliable systematic characters in this species.

Haemopis grandis, a large species represented in the present study

by individuals from 2.9 to 10.5 cm long, has a flaccid body which

drapes limply between the fingers when picked up.

Ecology. This jawless and toothless species, a predator and scaven-

ger rather than a parasite, has never been known to suck human blood.

Stomach contents included pulmonate and bivalve shells and other

leeches (PlacobdcUa oniata) , and it has been reported eating oligo-

chaetes, pulmonates, insect larvae, and other leeches (Macrobdella

decora) (Moore, 1912, 1922, 1923; Rycrson, 1915; Rupp and :\Ieyer,

1954). Its habits are similar to those of H. Diarmorata. Almost nothing

is known about reproduction in this species.

Distribution (Tig. 35). Haemopis grandis appears to have a more

northern and eastern distribution than H. marmorata. Published records

believed reliable include Alberta (Bere, 1929), Saskatchewan (Oliver,

1958), ^Manitoba (Aleyer and IMoore, 1954), Ontario (Ryerson, 1915;

Moore, 1924b; Rawson, 1930; Moore, 1936; ^Icyer and Moore, 1954;

Thomas, 1966), Quebec (Aleyer and Aloore, 1954; Richardson, 1969),

New Brunswick (Richardson, 1943). Prince Edward Island (Richard-

son, 1943), Minnesota (Moore, 1912j, Wisconsin (Bere, 1931; Miller,

1937j, Michigan (Miller, 1937), Lake Erie CMiller, 1929), Xew York

(Moore, 1923), and Alaine (Rupp and ]\Ieyer, 1954). Its occurrence in

the United States west of Wisconsin and south of Wisconsin, Alich-

igan, Ontario, and New York has not been documented. Unfortunately,

some reports in the literature may actually be H. plumbea or H.

marmorata, both of which can closely resemble H. grandis externally.

Haemopis terrestris (Forbes, 1890), new combination

?Hirudo lateralis Say, 1824:15 (name not assignable with certainty).

Semiscolex terrestris Forbes, lS90a:119; Forbes, lS90b:646.

Haemopis lateralis: Moore, 1898:560; ?Moore, 1901:528, figs. 25, 27-32;

Ward, 1902:275; ?Moore, 1912:113, fig. 23; ?Andrews, 1915:200; Moore,

1918:658; Miller, 1929:10; Meyer, 1937a: 250; ?.AIiller, 1937:85; ?Mathers,
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1948:397, pi. 3; Pennak, 1953:317, fig. 201J; Mathers, 1954:460; Moore,
1959:555; Mann, 1961b: 164, fig. 17B; Mathers, 1963:168.

Haemopis lateralis terrestris: Moore, 1918:649.

Haemo-psis lateralis: ?MuUin, 1926a: 61, pi. Ill, fig. 3.

Haemopis laterallis: Miller, 1937:88.

Percynioorensis lateralis: Richardson, 1969:121.

Descriptioji (Fig. 13F). Although the uniformly dark ground color,

which completely lacks dark blotches or heavy mottling both dorsally

and ventrally, is perhaps the most consistent aspect of the pigmenta-

tion of H. terrestris, its most characteristic aspect is a conspicuous mid-

dorsal black stripe from the eyes to the anal region and a yellowish

stripe along the margins on either side from the neck to the anal region.

The middorsal stripe varies in preserved specimens from a thin, slightly

interrupted stripe to a relatively thick band, and in some populations

this stripe may even be absent. The lateral stripes vary in preserved

specimens from a barely perceptible light area along the margins to a

strong, well-defined, intensely bright stripe. The gonopores, which usu-

ally occur on the rings, are separated by five to five and a half annuli,

their actual relative positions being subject to some variation (Fig.

16A). The penis, commonly protruded in preserved specimens, is re-

markably long (25-30 mm) and slender (Fig. 14F).

Dissections of six individuals of H. terrestris from four localities in

Illinois (Table 4, Figs. 15G, J) (Sawyer, 1969) agreed well with the

findings of jMoore (1901, fig. 27). The relatively invariable characters

of considerable systematic significance in this species include the

position of the anterior part of the prostate gland (XII-XIIi/4), the

posterior flexion of the penis sheath (XIII3/4-XIV^/4, usually XIV),

the ratio of the short and long arms of the penis sheath (1:1.2 to 1:1.6,

usually 1:1.6), the center of the ovaries (XII-XIIV^) , the posterior

part of the vaginal system (XIII3/4-XV, usually XIV), and the exten-

sion of the large posterior crop caeca (XXIII-XXIV) , the left and

right caeca sometimes extending to different levels.

Other internal characters usually regarded as systematically impor-

tant are variable and are less reliable in defining this and probably

related species, including the condition of the relatively short, coiled

common oviduct, the large elongate albumen gland, and the relatively

loose epididymis. The sperm sacs, which are relatively small (Fig.

15D), are usually located at Xli/^-XIIi/jt but vary in position from

X')4-XII to XII-XIIVo. The male gonopore and penis sheath arc

usually to the right of, and the female counterparts left of, the nerve

cord, but either can lie to the right or left. One dissected individual

lacked all of the female organs except for the ovaries.
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Hae77iopis terrestris, a relatively large species represented in the

present study by individuals from 8 to 15 cm long, has a firm body,

correlated with its terrestrial burrowing habits.

Remarks. Say's vague and perhaps erroneous description of Hirudo

lateralis, an obscure leech from Alinnesota, has led to a number of

nomenclatural difficulties (Aloore, 1952). Verrill (1872) assigned the

name to an erpobdellid, Nephelis lateralis, probably known today as

Erpobdella punctata. Moore (1898), however, considered Hirudo la-

teralis to be a hirudinid identical with Forbes's (1890) terrestrial leech

Semiscolex terrestris, a species that may not occur at Say's type-

locality. In 1912 Moore speculated on the i^ossibility that Hirudo

lateralis was also a partial synonym of Haemopis plumbea. Moore,

1912. The confusing description of Hirudo lateralis, which may fit a

number of species {Haemopis terrestris, H. plumbea, H. cjrayidis, H.

marmorata, and even one or two erpobdellids) , should be regarded as

inadequate, and the use of the name lateralis should cease. The name
Haemopis terrestris, then, becomes the earliest available name for

Forbes's well-described terrestrial leech.

For some time H. te7Testris, then known as H. lateralis, was synony-

mizecl with a similar Chilean terrestrial leech, Am.ericobdella valdi-

viana (Philippi), but upon a close examination of the two species it

was determined beyond doubt that they represented two distinct, unre-

lated species (Moore, 1898, 1924a; Caballero, 1941; Soos, 1966a).

Ecology. Haemopis terrestris is unique among American leeches in

being truly terrestrial, occurring in damp soil, usually under rocks and

logs and well away from the water. The existence and systematic stand-

ing of an aquatic variety reported by earlier authors (Moore, 1912;

Miller, 1929) need to be investigated. It is not known whether H. ter-

restris, normally a predator and scavenger, is ever parasitic. Stomach

contents in the present study consisted of large oligochaetes, an obser-

vation which agrees well with Forbes (1890). Almost nothing is known
about its reproduction.

Distribiitioji (Fig. 35). Because of possible confusion with related

species, little reliance can be put on some earlier published reports, but

those believed reliable include Ohio (Miller, 1929), Illinois (Forbes,

1890; Moore, 1898, 1901), southeastern Missouri (Meyer, 1937a), and

northwestern Tennessee (Moore, 1898). There is no real evidence that

H. terrestris occurs as far north as Minnesota, as was thought by

Moore (1912), who synonymizcd it with the inadequately described

aquatic species Hirudo lateralis Say, 1824, from Minnesota. It may be

restricted mainly to the area between the Mississippi and Ohio riA-ers
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and bordering areas, with a center of distribution in Illinois and with

northern limits in southern Wisconsin and Michigan, but a more exten-

sive and critical examination of the systematics and distribution of

this species is needed.

Haemopis plumbea Moore, 1912

Haeynopis phimbens Moore, 1912:115, figs. 29-31; Moore, 1918:658; ^NluUin,

1926a:62, pi. Ill, fig. 4; Miller, 1929:10; Miller, 1937:85; Mathers, 1948:

397, pi. 3; Pennak, 1953:317, fig. 201K; Mathers, 1954:460; Meyer, 1968:17.

?Haemopsis plumbeus: Mullin, 1926a :3(), ])1. III.

Haemopis plumbeous : Miller, 1937:87.

Haemopis plumeus: Mathers, 1948:412.

Haemopis plumbea: Moore, 1959:555; Mann, 1961b: 165; Mathers, 1963:168.

Bdellarogatis plumbeus: Richardson, 1969:117, figs. 3E, 4A, 6C.

Remarks. Haemopis plumbea, a rare leech not encountered in the

present study, is a little-known species of uncertain systematic stand-

ing, differing in internal anatomy (see key) from H. gi-andis and H.

marmorata, which it can closely resemble externally. Not enough is

yet known about its distribution and systematic standing to make
generalizations; it is known from Minnesota (Moore, 1912), Iowa

(Mullin, 1926; blathers, 1948), Wisconsin (Miller, 1937), Michigan

(Miller, 1937), Ohio (Miller, 1929), and Quebec (Richardson, 1969).

GENUS MACROBDELLA VERRILL, FEBRUARY 1872

(NOT MACROBDELLA PHILIPPI, OCTOBER 1872)

The well-known genus Macrobdella is unique among American

hirudinids in having characteristic copulatory glands located on the

ventral surface at XIII/XIV and XIVbl/b2, about ten and eleven

annuli behind the male gonopores (Figs. 14B, C). Our understanding

of this distinctive genus, which contains one of the first leeches to be

described from North America, has undergone little modification since

its description by Verrill (1872b). Macrobdella is represented by three

moderately large (5-10 cm) species from North America. The northern

M. decora (Say, 1824) is the only species known from the midwestern

states. The southern M. ditetra Moore, 1953, may be found in the ex-

treme southern tip of Illinois. The rare M. sestertia Whitman, 1886,

is known only from Cambridge, Alassachusetts.

Macrobdella decora (Say, 1824)

Hirudo decora Sav, 1824:267; Leidv, 1868:229; Leidy, 1870:89.

Hirudo ornata: Ebard, 1857:55; Verrill, 1874a: 688; Moore, 1952:4.

Macrobdella decora: Verrill, 1872b: 138, fig. 4; Verrill, 1874a: 668; Moore,

1898:561; Moore, 1901:508, figs. 22-23; Ward, 1902:274; Hankinson, 1908:
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232; Moore, 1912:106, figs. 24-25, 3S; Ryerson, 1915:166; Hankinson, 1916:

118; Moore, 1918:656; Moore, 1922:8; Moore, 1923:15, pi. IC, figs. 12-14;

Moore, 1924b: 28; Mullin, 1926a: 36, pi. Ill, fig. 2; Miller, 1929:10, fig. 1;

Moore, 1936:114; Meyer, 1937b: 118; Miller, 1937:85; Richardson, 1942:

68; Richardson, 1943:89; Mathers, 1948:397, pis. 3-4; Pawlowski, 1948:332,

figs. 2-3; Caballero, 1952:203; Moore, 1952:3; Moore, 1953:8 (not p. 12);

Pennak, 1953:317, fig. 201B; Mathers, 1954:466; Meyer and Moore, 1954:

91; Rupp and Meyer, 1954:294; Moore, 1959:553, fig. 23.8; Cargo, 1960:

119, fig. 1; Mann, 1961b: 163, fig. 13; Gouck et al, 1967:959; Sawyer,

1968:228; Richardson, 1969:105, figs. IB, 5D; Herrmann, 1970:5.

Description (Fig. 13A). This moderate-sized (5-9 cm) hirudinid has

a copulatory zone consisting of two rows of two copulatory gland pores

each, located at XIII/XIV and XIVbl/b2, ten and eleven annuli be-

hind the male gonopore (Fig. 14C). Its distinctive, brightly colored

dorsum has about 20 metameric middorsal red dots and corresponding

lateral black dots on a uniform dark green background. The ventral

surface is reddish and usually has a few scattered black splotches. The
posterior half of the ventral surface of the posterior sucker is usually

heavily pigmented with black. The male and female gonopores, located

at XI/XII and XII/XIII respectively, are usually separated by five

annuli, but some populations were found in southeastern Michigan in

which the male opening was situated slightly on the next posterior ring,

Xllbl, its position in the closely related 71/. sestertia. The position of

the female gonopore was invariable in the specimens examined, but

Moore (1912) reported its occurrence on Xlllbl. Moore (1922) found

an individual of M. decora from Algonquin Park, Canada, with only

three copulatory glands, the left posterior one missing.

Ecology. Macrobdella decora, commonly called the American medic-

inal leech because of its extensive use in medicine for many years, is

the notorious bloodsucking leech frequently encountered by swimmers

in the northern United States and Canada. In some places it can be

such a problem to swimmers that swimming must be restricted or even

discontinued. Such a heavy infestation of ]\I. decora in Palisades Inter-

state Park, New York, was the cause of an extensive study by Moore

(1923) on its natural history to find a means of controlling outbreaks

of this species.

This leech, which is rarely found in flowing water or large open lakes,

often abounds in small temporary and permanent ponds, as well as in

heavily vegetated, mud-bottomed marshes and ditches. Its extremely

sharp teeth and sanguinivorous habits allow it to pierce the skins and

suck the blood of a number of vertebrates, including man, cattle, tur-

tles, frogs, toads (Moore, 1923, fig. 13B; Brockleman, 1968). fish (stur-

geon: Moore, 1924b; trout: Rupp and Meyer, 1954). and wading birds
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(Mathers, 1948). In addition, it is a voracious predator, feeding on

eggs of various amphibians, oligochaetes (tubificids and earthworms)

,

insect larvae, other M. decora, and snails (Moore, 1923; Mathers,

1948). Published analyses of stomach contents have revealed large

numbers of tubificids, occasional insect larvae (Ward, 1902; Moore,

1912), and vestiges of salamander eggs (Cargo, 1960). Behavioral

observations of its highly developed sensitivity to chemical and tactile

stimulation, especially in relation to finding food, were made by Whit-

man (1886), Moore (1923), and Gouck et al. (1967). Macrobdella

decora is known to engorge itself in spring and early summer on aggre-

gations of such spawning vertebrates (especially on their eggs) as frogs

(Rana catcsbeiajia) , toads (Bitfo anicricayius) (Moore, 1923, figs. 13B,

C; Brockleman, 1968), salamanders (Ambystoma macidatum) (Cargo,

1960, fig. 1), and trout (Salvelinus fontinalis) (Rupp and Meyer, 1954).

This predation in the spring may account for as much as 80 percent

of the egg mortality in toads {Bufo americanus) and probably other

species (Brockleman, 1968).

Engorgement in the spring appears to be a prerequisite to breeding,

which has been described in part by Moore (1923) and Gouck et al.

(1967). The straw-colored elliptical cocoons, made of a spongy chiti-

noid material characteristic of the family, are laid (in New York) in

June or July in the mud under logs and rocks at the water's edge, the

newly emerged young being encountered in July and August (Moore,

1923, fig. 14). Under laboratory conditions Gouck et al. (1967) found

that cocoons were laid between one and two months after feeding, and

that after 28-30 days an average of 16 young about 20-22 mm long

emerged. Mathers (1948) reported only about eight young per cocoon.

Distribution (Fig. 36). Macrobdella decora appears to be primarily

a northern species, especially abundant from Colorado to Saskatche-

wan, northward to the Georgian Bay, eastward to Maine and the

Maritime Provinces, and southward to Kansas, Illinois, Virginia, and

Maryland. Published records believed reliable include Saskatchewan

(Moore, 1922; Meyer and Moore, 1954), Ontario (Ryerson, 1915;

Moore, 1922, 1924b, 1936; Meyer, 1937b), Quebec (Moore, 1922;

Richardson, 1969), Nova Scotia (Moore, 1922), New Brunswick and

Prince Edward Island (Richardson, 1943), Colorado (Herrmann, 1970),

Kansas (Verrill, 1874a), Nebraska (Ward, 1902), Iowa CVIathers,

1948), Minnesota CMoore, 1912), Wisconsin (Miller, 1937), Michigan

(Adams, 1908; Hankinson, 1908, 1916; Miller, 1937; Sawyer, 1968),

Illinois CMoore, 1901), Ohio (Miller, 1929), Pennsylvania (Rathbun,

1884; Aloore, 1901, 1912, 1923), extreme western Virginia (Moore,
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1898), Maryland (Cargo, 1960), New York (Moore, 1898, 1923; Miller,

1929; Barrow, 1953), Connecticut (Verrill, 1874a; Barrow, 1953), and

Maine (Verrill, 1874a; Rupp and Meyer, 1954).

In the Illinois Natural History Survey collection is a vial containing

an M. decora labeled "eight miles northw^est of Monte Morelos, Nuevo
Leon, Mexico," which corroborates the existence of an intriguing, ap-

parently disjunct population of il/. decora in Nuevo Leon in northern

Mexico, first reported by Caballcro ( 1952)

.

Macrobdella ditetra Moore, 1953

Macrobdella ditetra Moore, 1953:5, pi. 1, fig. 1; Brandt, 1936:502; Moore,

1959:553, fig. 23.8; Mann, 1961b:163, fig. 13; Sawver, 1967:32; Meyer,

1968:18.

Macrobdella decora: Moore, 1953:12.

Desc7dption (Fig. 13B). The specific name ditetra, which was used

by ecologists (Brandt, 1936) long before the species was described by

Moore in 1953, is based on a unique characteristic of this species, a

copulatoiy zone with two rows of four copulatory gland pores each,

located at XIII/XIV and XIVbl/b2, ten and elcA'cn annuli behind the

male gonopore (Fig. 14B). The gland pores of mature individuals are

well developed, but those of immature individuals are small and can

easily be overlooked. Typical individuals are dark green on the dorsum

with a paramarginal and a supramarginal row of dark dots on each

side. Unlike M. decora, there is no middorsal row of metameric red

dots. The dots of the internal or supramarginal row are usually fused

into a dark longitudinal stripe, but in some individuals they may be

poorly developed or almost nonexistent. The dots of the paramarginal

row are irregularly spaced and arc usually less developed than the

supramarginal row, but the vestiges of the former can be found on

almost all individuals, even when the supramarginal row is missing.

In some heavily pigmented individuals there is also a wide dark longi-

tudinal band extending middorsally from the region of the eyes to the

anal region, but usually this band is very faint. The venter is a uni-

form cream color and usually, but not always, has irregular dark

splotches concentrated near the margins.

Ecology. During a study of frog parasites in eastern North Carolina,

Brandt ( 1936) observed that M. ditetra commonly infested bullfrogs

{Rami catesbeiana) only in midsummer and showed a strong prefer-

ence for large bullfrogs over 100 mm long. In the early spring M.
ditetra feeds on frog eggs, which apparently stimulate breeding ac-

tivity (Moore, 1953). It has never been reported to attack humans, but
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judged from its sanguinivoroiis congenitor M. decora, it should be

expected to do so. Little else is known about feeding or reproduction

in this species.

Meyer (1959) reported that during routine milking of a daiiy cow in

Florida, two moderate-sized (60 X 5 mm) individuals of M. ditetra

were found in the teats.

Distribution. Macrohdella ditetra is a southern coastal-plain species

previously reported from Texas, Louisiana (Sawyer, 1967), Alabama,

South Carolina (Moore, 1953), North Carolina (Brandt, 1936), and

Florida (Meyer, 1959) . In the present study a vial containing a single

individual from McLitosh County, Georgia, was found, which is the

first record for that state. It has not yet been found in the midwestern

LTnited States.

Macrohdella sestertia Whitman, 1886

Macrohdella sestertia Whitman, 1SSG:37S, figs. 57-59; Aloore, 1918:656;

Moore, 1923:17; Pennak, 1953:317; Aloore, 1959:553, fig. 23.S; Mann,

1961b:163,fig. 13.

Macrohdella testertia: Moore, 1953:7.

Remarks. A vial from the Harvard collection labeled "MCZ 1729,

Chebaco row, 20 July 1875" and presumably from around Cambridge,

Massachusetts, contained a single faded specimen of M. sestertia (Fig.

37). The copulatory glands w^re i:)Oorly preserved but did fit the

original description, as did the gonopore separation of two and a half

annuli. The dorsum was faded except for a faint paramarginal row of

metameric black dots. Having finally seen a specimen of this rare

species, which has remained unknown since its original description, I

feel confident that M. sestertia does represent a recognizable morpho-

logical type, the systematic standing of which needs to be investigated.

GENUS PHILOBDELLA VERRILL, 1874

Verrill established Philobdella as a subgenus of Macrohdella, pri-

marily on the basis of the remarkable external genital region, char-

acterized by glandular adhesive organs containing gland pores, and

copulatory depressions around the gonopores (Fig. 14A) (Moore,

1959, fig. 23.9; Mann, 1961b, fig. 16). By 1898 :\Ioore had elevated

Philobdella to full generic rank, which is undoubtedly its true sys-

tematic position. The type-species P. floridana Verrill, 1874, from Lake

Okeechobee, Florida, is known only from the original description.

Moore (1898) reported a species of Philobdella from Louisiana which

he took at the time to be P. floridana, but later (1901) in a detailed
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morphological description he recognized it as a new species, P. gracilis.

Although P. jioridana has not been reported since the original de-

scription almost a century ago, most authors continue to distinguish

P. jioridana and P. gracilis as separate species, primarily on the basis

of pigmentation and number of teeth (see key). There is considerable

doubt, however, that two or only one species of Philobdella is repre-

sented in the southern states.

Philobdella floridana Verrill, 1874

Macrobdella {Philobdella) flmidana Yernll, 1874a:669; Moore, 1952:3.

Philobdella floridana: Moore, 1901:518; Moore, 1918:657; Moore, 1952:3;

Pennak, 1953:317; Moore, 1959:554; Mann, 1961b: 165; Sawyer, 1967:33.

Remarks. Philobdella florida7ia, not encountered in the present study,

remains unknown since its original description from Lake Okeechobee,

Florida.

Philobdella gracilis Moore, 1901

Philobdella florida7ia : Moove, 1898:561; Sawyer, 1967:33.

Philobdella gracile Moore, 1901:511, figs. 12-21; Moore, 1918:657; Pennak,

1953:317, figs. 201F, G; Viosca, 1962:243; Meyer, 1968:19.

Philobdella gracilis : Moore, 1952:5; Moore, 1953:4; Moore, 1959:554; Mann,

1961b:165, fig. 16; Sawyer, 1967:33.

Descidption (Fig. 13C). This moderately large (6 cm) bloodsucking

hirudinid has a conspicuous middorsal light yellow stripe and a dorsal

jiaramarginal row of irregularly spaced black dots on either side. Be-

tween the middorsal stripe and each row of dots are two brownish-

black longitudinal bands, a thick one adjacent to the stripe and a

narrow one nearer the row of black dots. The two bands are confluent

just anterior to the anal region. The dorsum is basically dark except

for the middorsal yellow stripe, which may be poorly developed in

some individuals. The venter is lighter and has irregular dark splotches

concentrated near the margins. The unique external genitalia of adult

members of this genus and species are characterized by a copulatory

pit or depression around each gonopore and a prominence or adhesive

organ containing several conspicuous gland pores immediately anterior

to each gonopore (Fig. 14A). The morphology and function of the ex-

ternal genitalia were described by Verrill (1874a) for P. jloridana and

by Moore (1898, 1901) for P. gracilis, both of whom rci)orted that the

adhesive organs and copulatory depressions apparently secure the two

individuals together during mating.

Ecology. Although Viosca (1962) reported the result of an accumu-

lation of observations on P. gracilis extending over a ten-year period,
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little is known about the biology of this species. He reported finding-

it attaclied to, but not necessarily feeding on, the following animals:

frogs [Rana catesbeiana, R. cjrylio, R. clamitans, and R. pipiens) , alli-

gator [Alligator mississippiensis) , snakes (Agkistrodon piscivorus,

Natri.v cyclopion, and N. fasciatus) , and turtles {Chelydra serpentina

and Kinostcrnon subrubnun hippocrepis) . That Philobdella also feeds

on earthworms was suggested by Yerrill (1874), who reported an in-

dividual i^rcscrved in the process of eating a lumbricoid worm, and was
corroborated by ]\Ioore (1901), who found AUolobophora in the gut.

Like its near relatives Macrobdella decora and j\I. ditetra, P. gracilis

is known to feed voraciously on frog eggs. It attacks especially those

of Rana pipiens, one of the first to lay its eggs in the spring. In view

of its well-developed jaws and teeth, it is rather surprising that P.

gracilis has never been known to attack human beings.

Distribution (Fig. 36). Philobdella gracilis, represented in the pres-

ent study by two vials from Illinois, one of which was not labeled, is a

southern species known from Louisiana (Aloore, 1898; Viosca, 1962)

and southern Illinois (jNIoore, 1901), with the closely allied form P.

jloridana from southern Florida (Verrill, 1874a)

.

GENUS HIRUDO LINNAEUS, 1758

Hirudo medicinalis Linnaeus, 1758

Remarks. The European medicinal leech Hirudo medicinalis, which

is now practically extinct in parts of Europe, was at one time imported

for medicinal purposes into the northeastern United States by the

thousands and even artificially cultured for a while (Hessel, 1881,

1884). During the early part of this century there was speculation that

this species had escaped and established itself in the northeastern

states, but it now seems more likely that the medicinal leech had been

confused with the common horse leeches (Haemopis spp.). To my
knowledge there has never been in this century a confirmed record of

a wild population of H. medicinalis in the United States or Canada.

Unless the occurrence of this species is confirmed, it is best to consider

it as not established in North America.



ZOOGEOGRAPHICAL
AND EVOLUTIONARY CONSIDERATIONS

The only certain fossil leeches are two species described from the

upper Jurassic of Bavaria (Kozur, 1970). Except for the somewhat

dubious Pontobdellopsis cometa described by Ruedemann (1901) from

Albany, New York, there are no known fossils from North America.

Our understanding of the evolutionary history of North American

leeches—• the manner and rapidity of speciation and dispersal, relative

success in numbers and kinds before, during, and after the glacial

periods, and historical reasons for modern distributions— must, there-

fore, be inferred from such indirect sources of evidence as host-parasite

relationships and geographical distributions of extant species. Of the

19 genera represented in North America, including Mexico, eight are

endemic: Actinobdella, Illinobdella, Oligobddla, Piscicolaria, Nephe-

lopsis, Mooreobdella, Macrobdella, and Philobdella.

The occurrence of the following intricate host-parasite relationships

suggests that at least some are of long evolutionary standing: among

Batracobdella picta, trypanosomcs, and amphibians (Richardson. 1949;

Barrow, 1953; Brockleman, 1968, 1969; Woo, 1969) ;
Placobdclla pcdi-

culata and the drum {Aplodinotus grunniens) (Hemingway, 1912)
;

Theromyzon and various species of birds (Sootcr, 1937; ^Nlcyer and

Moore, 1954; Moore, 1964, 1966a); Piscicola punrtnta and various

teleosts (Thompson, 1927; Richardson, 1948); anil Piscicola sal»io-
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sitica, hcmoflagcllatcs, and salmonid fish (Becker, 1964; Becker and
Katz, 1965, 1966)

.

Many of the known species of North American leeches fall naturally

into four groups: a group of widely distributed, almost ubiquitous

species, a group of predominantly northern species, another of pre-

dominantly southern species, and a group of geographically restricted

populations and species. The first group of ubiquitous species, e.g.,

Helobdella stagnalis, Erpobdella punctata, Glossiphoyiia complanata,

and G. heterocUta, are among the most common leeches in North
America. They are exceedingly adaptable and easily dispersed, and
they have such wide ecological tolerances and catholic feeding habits

that they shed little light on the problems of leech zoogeography.

The second group of northern species, e.g., Oculobdella lucida, Pla-

cobdella ornata, Nephelopsis obscura, Dina dubia, D. parva, Moore-
obdella feruida, Hacmopis grandis, H. marmorata, and Macrobdella

decora, appear to be physiologically restricted to waters just above

freezing point for extended periods of time. The southern limit of their

range is roughly that of the glacial drift border of the Quaternary ice

advances (Wright and Frey, 1965). The great expanses of northern

North America, covered by ice until rather recently, were undoubtedly

colonized for the most part by these leeches after the Wisconsinan

ice advance from 10,000 to 70,000 years ago (Wright and Frey, 1965:

359) . Of special interest are Prince Edward Island in eastern Canada
and Kodiak Island, Alaska, both of which were covered by the Wis-

consinan ice. Since that time these islands, which are today isolated

from the mainland by the sea, have been colonized by at least eight

(Richardson, 1943) and two (Moore and Meyer, 1951) species re-

spectively. Similarly, Sable Island, approximately 150 miles east of

Halifax, Nova Scotia, has three species of leeches (Gates and Moore,

1970j. The colonization of the northern expanses by the relatively

few northern species, which abound in the cold lakes and streams from

Alaska to eastern Canada and as far north as Great Slave Lake (Moore
and Meyer, 1951) and the Georgian Bay (Ryerson, 1915), is a case of

animal dispersal of considerable magnitude.

The third group of southern species, e.g., PlacobdeUa multilineata,

Helobdella lineata, Mooreobdella microstoma, Philobdella gracilis, and

Macrobdella ditetra, abound in the warm waters of the southeastern

states. Philobdella gracilis, a characteristic southern species, extends

only as far north as the southern tip of Illinois, the southernmost limit

of the glacial drift border, but others extend as far north as southern

Wisconsin and ^Michigan or even farther.

The fourth group of geographically restricted populations and



ZOOGEOGRAPHICAL AND EVOLUTIONARY CONSIDERATIONS 75

species may suggest clues to the process of speciation of leeches in

North America. The systematically obscure forms Mooreobdella bu-

cera, Macrobdella sestertia, and Philobdella fioridana, which are dis-

tinct morphological types on the periphery of the ranges of the more
widely distributed and better-known species Mooreobdella fervida,

Macrobdella decora, and Philobdella gracilis respectively, probably

represent incipient species or populations adapted to marginal levels

of existence (Mayr, 1965). If the occurrence of an apparently disjunct

population of Macrobdella decora in northern ^Mexico (Caballero,

1952) represents a relict population, then the range of M. decora,

an otherwise northern species, was at one time much larger than it is

today. The biannulate species Oligobdella biannidata, which occurs on

salamanders in the southern Appalachians (Moore, 1900; Sawyer,

1971b), may have its nearest affinities in and around Japan and in

New Zealand. This species, which promises to shed light on the early

evolution of the Rhynchobdellae, needs to be investigated.

The manner and likelihood of leech dispersals must vary consider-

ably with the species, depending upon its size, behavior, hosts, ecology,

and physiological requirements. Some species, Haemopis marmorata

and Erpobdella punctata, are known to make mass movements up-

stream (Richardson, 1942; Sawyer, 1970), but most cases of dispersal

seem to depend upon animal hosts. A variety of hosts capable of being

useful dispersal agents, e.g., fish, turtles, mammals, amphibians, and

especially birds, have been reported carrying Theromyzon rude (Meyer

and Moore, 1954; Moore, 1964, 1966b), T. meyeri (Sooter, 1937),

Placobdella ornata (Moore, 1964), HelobdcUa stagnalis (Moore,

1924b), and Haemopis sp. (jNIullin, 1926), but the actual roles they

have played in past dispersals are obscure. The interesting cases of

hirudiniasis, such as the occurrence of Nephelopsis obscura in the air

bladder of a lake trout (Meyer and Bangham, 1950), Batracobdella

picta in the dorsal subcutaneous lymph spaces of a bullfrog (Richard-

son, 1949), and Macrobdella ditetra in the teats of a cow (Meyer,

1959), suggest the various and often bizarre ways that leeches may be

dispersed. The available evidence suggests that it is the adult or juve-

nile, rather than the egg stage, that is probably involved in most cases

of dispersal. There is little evidence that man has significantly altered

the distribution of any North American species.

Considering the relatively large number of endemic genera and

species, their wide distributions, and their often intricate host-parasite

relationships, it seems likely that at least some of the North American

leeches constitute a group of relatively long CA'olutionary standing.



KEY

Earlier keys and aids to identification of the freshwater leeches of

all or parts of the United States and Canada can be found in Verrill

(1874a), Moore (1912, 1918, 1959), Miller (1929, 1937), Meyer (1940,

1946a), Mathers (1948), Pennak (1953), Mann (1961b), Moore (1964,

1966a), and Hoffman (1967), but most of these arc already outdated

and incomplete. It is hoped that the following key, which combines as

many characters as possible, will serve as a practical guide to identifi-

cation of known freshwater species, especially for biologists unfamiliar

with leeches. For convenience the family Piscicolidae, which is not

discussed in the text, is included in the key.

For the most part, external and biological characters are sufficient

for the identification of most American species, but identification of

Haemopis and most erpobdellids, especially Mooreobdella and Dina,

requires dissection. The most important external characters for identi-

fying leeches are the number and arrangement of eyes, the presence

and arrangement of jaws, papillae, sensillae, ocelli, and pulsatile vesi-

cles, the pigmentation patterns, the size and general shape of the body,

and the number of annuli per segment and between gonopores. Useful

biological characters include hosts, swimming capability, the manner

of moving and caring for eggs and young, and ecological and geo-

graphical variations.
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To prevent severe muscular contractions during preservation, the

leeches should first be relaxed by slowly adding 70 percent ethanol

to the container until all movement stops. After the mucus is removed

with a paper tissue, the leeches are then placed in a dissecting tray,

the larger individuals being pinned in the narcotized position and

covered with the fixative, usually formalin, to prevent softening of the

tissue. After the tissue is hard, usually from 30 minutes to several

hours or rarely longer, depending upon the size of the specimens, they

are placed in the final preservative, usually 70 percent ethanol. If

fixed properly, most of the pigments remain indefinitely, but the green

l)igment dissolves quickly in ethanol. The eyes are best examined by

pressing a glass slide on the head region. The annuli are best examined

in living material because preservation tends to distort secondary and

tertiary subdivisions.

Whole mounts (flattened between two glass slides, cither stained

with borax carmine or dehydrated directly in a graded scries of alcohols

beginning with 70 percent, cleared in xylene, and then mounted in

Canada balsam) as well as complete transverse and longitudinal series

(cut at 10 jL and stained with Ehrlich's haematoxylin and eosin) are

useful for morphological studies of smaller leeches. Larger erpobdellids

and hirudinids should be dissected by pinning them at each end to

the bottom of a dissecting dish before submerging them in 70 percent

ethanol. Two dorsolateral longitudinal cuts should be made througli

the body wall, after which the cuts are joined by a transverse incision,

allowing the dorsal portion of the body wall to be lifted oft". The mus-

cles and botryoidal tissue are removed with a fine forceps until the

digestive and reproductive systems as well as the ganglionic guidelines

are clearly visible. In the case of hirudinids a midventral slit beginning

at the buccal cavity will reveal the jaws, which may be hidden in

crypts of tissue.

In addition to the internal anatomical features which arc drawn and

labeled in Figs. 2, 5, 11, and 15, the following terms and abl)reviations

are used in the key.

Annuli are body rings, usually demarcated by metamcric pigment

patterns (Fig. 14). The conventional formula 7(14) means that there

is a faint subdivision of each of seven annuli. The mid-body segments of

most leeches have three primary annuli, labeled by convention as al,

a2, and a3 (or sometimes written al-3). Each of these in turn can be

further subdivided into the secondary annuli, bl, b2, b3 . . . bG (or

bl-6), and still further into the tertiary annuli, cl, c2, c3 . . . cl2 (or

cl-12). The neural annulus refers to the annulus in wliich the ganglion

is located, usually a2 (or b3 + 4)

.
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Ganglion is a concentration of nerve cell bodies in the ventral nerve

chain. Excluding the siibesophageal mass (six ganglia) and the caudal

mass (seven ganglia), there are 21 ganglia in the ventral chain, labeled

in Roman numerals, VII-XXVII. The neural annulus of segment 12

would, therefore, be expressed as XIIa2. The abbreviation VIII/IX

refers to the somite limits between segments 13 and 14 (Fig. 15).

Gonopore is the external opening of either the male or female re-

productive system, located on the midvcntral line about one-third the

distance from the head (Figs. 9, 11, 14, and 16). Usually the female

gonopore is located one complete segment posterior to the more promi-

nent male gonopore (in the hirudinids this usually means five annuli

posterior to the male gonopore).

Key to Species

1. Free-living or attached to turtles, amphibians, birds, or fish;

body often excessively flattened; young often brooded by par-

ent; blood colorless; 2, 3, or 6 (or more) annuli per complete

segment; eyes 1-4 pairs; mouth a small pore on oral sucker;

protrusible proboscis; no jaws or teeth; move by placing hind

sucker immediately behind oral sucker in "inchworm" fashion;

rarely if ever swim (Rhynchobdella) 2

— Usually free-living; body elongate, not depressed, large

(2y:>-20 cm)
;
young never attached to ventral surface of par-

ent; blood red; usually 5 annuli per complete segment; eyes

3-5 pairs; mouth capacious, occupying most of oral sucker

cavity; jaws and teeth present or absent; no proboscis; may
or may not move in "inchworm" fashion; good swimmers 3

2. Rarely free-living, usually found attached to fish (the only

nonpiscicolids commonly found on live fish are Placobdella

pediculata on the drum and Actinobdella triannidata on the

sucker) ; slender and elongate, often with lateral vesicles; body

often more or less divided into narrow anterior and wider pos-

terior regions; young never attached to ventral surface of par-

ent; cocoons attached to substrate, never brooded; 6 or more

(rarely 3) annuli per complete segment; oral sucker distinct

from neck; eyes 0-3 pairs (Piscicolidae) (see Meyer, 1940,

1946a; Hoffman, 1967) 27

— Commonly free-living or attached to turtles, am]ihibians,

or birds; body flattened, never cylindrical or with lateral

vesicles; young always attached to ventral surface of parent;
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eggs in membranous sacs, either attached to ventral surface of

parent or to substrate and covered by parent's body; ahuost

always 3 (rarely 2 or 6) annuli per complete segment; oral

sucker ventral and more or less confluent with neck; eyes

1-4 pairs, usually 1 pair (Glossiphoniidae) 4

3. Eyes 3-4 (never 5) pairs, in 2 transverse rows (Fig. 17F),

never in 1 parabolic arch; predacious, rarely if ever parasitic;

body solid and worm-like, moderate size (2-5 cm) ; swim

readily when disturbed; usually encountered completely sub-

merged in water, not with part of body half out of water

under large objects at water's edge; gonopores separated by

2-3% annuli (Fig. 9) ; usually 5 annuli per complete segment,

but may be further subdivided, especially in Nephelopsis; no

true penis or external copulatory glands; no true jaws or

teeth; long, weakly muscularized pharynx; no caeca from

crop ; testes small, arranged in bundles ; never move by placing

hind sucker behind oral sucker in "inchworm" fashion (Pha-

RYNGOBDELLA, Erpobdcllidae) 32

—-Eyes always 5 pairs, forming a parabolic arch (Fig. 17G)
;

usually predacious {Macrobdella and Philobdella are blood-

suckers) ; body large (3-12 cm), soft, usually becoming limp

and inactive when disturbed (except Haemopis terrestris)
;

usually encountered with body half out of water under large

objects at water's edge; gonopores usually separated by 5-5^^

annuli (2-4 in some Macrobdella and Philobdella) (Fig. 14)
;

always 5 annuli per complete segment; protrusible filiform

penis or conspicuous copulatory glands around (or 10-11

annuli posterior to) the gonopores (Fig. 14) ; usually jaws

with teeth; short muscular pharynx; always a pair of posterior

crop caeca; testes large, segmentally arranged, usually 10

pairs; can but does not always move in "inchworm" fashion

(Gnathobdella, Hirudinidae) 38

4. Eyes 3 pairs (Figs. 17A, B) {Glossiphonia) 5

— Eyes 4 pairs (Fig. 17D) (the bird leeches, Theromijzon) 6

— Eyes 1 pair (Figs. 17C, E) 7

5. Eyes 3 pairs, equidistant, in 2 longitudinal rows (Fig. 17A)
;

a pair of narrow dark paramedial stripes dorsally and ven-

trally ; a pair of dorsal metameric white dots paramedially and

marginally; body opaque, internal organs not visible through

integument; very common (Fig. lA)

Glossiphonia complanata (Linnaeus, 1758)
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— First pair of eyes always closer than two posterior pairs

(Fig. 17B) ; essentially no pigmentation dorsally or ventrally;

body translucent, internal organs visible through integument;

uncommon (Fig. IB) . . .GlossipJwnia heterocUta (Linnaeus, 1761)

6. Eyes 4 pairs, equidistant, in 2 longitudinal rows (Fig. 17D)
;

body gelatinous, translucent (globular and opaque in recently

fed individuals) , with many fine black chromatophores dor-

sally and ventrally ; 2 paramedial pairs and usually a marginal

pair of bright yellow dots ; often encountered on birds ; 2 forms

of obscure systematic standing:

— Gonopores separated by 2 annuli ; apparently distributed

in central and eastern United States (Fig. IC)

Theromyzon meyeri (Livanow, 1902)

— Gonopores separated by 3 annuli ; apparently distributed in

central and western United States and Canada

Theromyzon rude (Baird, 1863)

7. Large, almost hemispherical posterior sucker separated from

body by a narrow pedicel (Fig. ID) ; a circle of 30-60 re-

tractile digitate processes with accessory adhesive gland ducts

projecting into sucker cavity a short distance from its inner

margin (Fig. IE) ; a single pair of large eyes either touching

or very close together; 1-3 series of dorsal papillae; mid-body

segments 3-6 annulate; diffused salivary glands; small (about

1 cm) ; rare and poorly known (Actinobdella) 10

— Posterior sucker not unusually large or on a narrow pedicel

(except Placobdella pediculata (Fig. 3B)); no circle of re-

tractile processes projecting into the sucker cavity 8

8. Eyes well separated (Fig. 17E) ; no metameric pigment pat-

terns along lateral margins; 6 (or 1) pairs of gastric caeca;

egg sacs always carried on ventral surface, never attached to

substrate; small (1 cm)
;
parasitic on snails; common, usually

free-living (Figs. 4, 5) 21

— Eyes close together or touching (Figs. 2, 17C) ; usually

small metameric whitish patches along lateral margins and a

large whitish area around eyes; 7 pairs of gastric caeca; egg

sacs on ventral surface or attached to substrate; small to large

(1.0-6.5 cm) 9

9. Eyes close together but usually not touching (Fig. 17C) ; no

conspicuous white ring in neck region or white patches in

genital and anal regions; mouth on anterior rim of oral sucker;

egg sacs attached to substrate, never carried on ventral sur-
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face; moderate to large (2.0-6.5 cm); usually encountered on

turtles (except Placobdella pediculata, on fish) or free-living

(Fig. 3) {Placobdella) 12

— Eyes usually touching; consiucuous white ring in neck

region and usually white patches in genital and anal regions;

mouth within oral cavity and not on anterior rim of sucker;

egg sacs attached to ventral surface of parent; small to mod-

erate (1.0-2.5 cm)
;
parasitic on amphibians; often free-living. .18

10. Six unequal annuli per complete segment; eyes united; body

slender, strongly convex 11

— Three equal annuli per complete segment; eyes close to-

gether, not usually united; body broader and flatter than al-

ternatives; 29-31 moderate-sized conical papillae along inner

margin of caudal sucker; known only from Ontario; free-

living and from common sucker (Catostomus commersoni) . . .

Actinobdella triannidata Moore, 1924

11. With 60 very small papillae along inner margin of caudal

sucker; known only from Long Point, Lake Erie, from original

description; from snapping turtle {Chelydra serpentina)

Actinobdella annectens Moore, 1906

— With 29-30 long pointed finger-like papillae along inner

margin of caudal sucker; known from Illinois, Minnesota, and

Ohio; free-living, host unknown (Figs. ID, E)

Actinobdella inequiannukda Moore, 1901

12. Either 3 dorsal keel-like ridges and a wide discoidal head set

off from rest of body by a narrow neck constriction (Fig. 3A)

,

or dorsum smooth and caudal sucker set off from rest of body

by a narrow peduncle (Fig. 3B) ; both uncommon 13

— Neither of above combinations of characters; usually on

turtles or free-living ; common 14

13. A wide discoidal head set off from rest of body by a narrow

constriction; 3 keel-like ridges on dorsal surface, composed of

uniform large pointed tubercles on every annulus; few if any

tubercles or papillae between ridges; widely distributed but

uncommon (Fig. 3A) Placobdella montijera IMoore, 1906

— Almost always encountered on drumfish (Aplodinotus grun-

niens) ; caudal sucker set off from rest of body by a long nar-

row peduncle (absent in juveniles smaller than 1 cm) ;
dorsum

smooth, nonpapillated; anus anteriorly positioned at XXIII/

XXIV rather than usual XXVII/XxVlII ; rare, kno\A-n only

from midwestern United States (Fig. 3B)

Placobdella pediculata Hemingway. 1908
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14. Dorsum, in particular the middorsal line, with few if any

papillae; dorsal pigmentation characterized by irregular intri-

cate patterns 15

— Dorsum usually heavily papillated, in particular the mid-

dorsal line; dorsal pigmentation unpatterned or characterized

by longitudinal stripes and bands, especially middorsally 16

15. Venter with 8-12 bluish-green longitudinal stripes, without

fine black chromatophores; no accessory eyes; often green;

dorsum with a middorsal cream-colored stripe or band of vari-

able width and with irregular lateral patches; very large (4-

6 cm) ; never swims as adult; usually on turtles but often

free-living, especially in July and August; widely distributed

and common (Fig. 3C) Placobdella -parasitica (Say, 1824)

— Venter with numerous small dark chromatophores and

without 8-12 bluish-green longitudinal stripes; 2 pairs of vari-

able concentrations of dark pigment, always situated 2 and 5

complete annuli behind the single functional pair of eyes,

giving the false impression of 3 pairs of eyes (accessory eyes)

(Fig. 17C) ; rarely green; dorsum generally checkered with an

interrupted broad middorsal and a smaller paramedial reddish-

brown band; body ribbon-shaped; often swims as adult;

usually free-living; uncommon (Fig. 3D)

Placobdella hollensis (Whitman, 1892)

16. Dorsum with 5-7 distinct longitudinal rows of large meta-

meric pointed papillae; other papillae small and inconspicu-

ous; hind sucker with single circular row of papillae; light-

colored longitudinal stripes on either side of middorsal row of

papillae, joining in neck region; narrow continuous (or

slightly interrupted) dark stripe encompassing middorsal row

of papillae; venter with a pair of bluish longitudinal stripes

and without fine dark chromatophores; body opaque (Fig.

3F) Placobdella papillifera (Verrill, 1872)

— Dorsum entirely covered with numerous large rounded pa-

pillae which are not usually metameric or in 5-7 longitudinal

rows; each annulus with 16-20 papillae of varying size; hind

sucker usually without row of papillae; broad brown middorsal

band; ventral surface with fine dark chromatophores and no

pair of bluish longitudinal stripes; body translucent; two

closely related northern and southern forms 17

17. From northern United States and Canada; middorsal band

usually interrupted; dorsum warty; papillae large, numerous.
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(Fig. 3E) Placobdella ornata (Verrill, 1872)

— From southern United States ; middorsal band usually con-

tinuous; dorsum less rough; papillae less numerous, smaller,

with the larger ones tending to be in 5 indistinct longitudinal

rows; ventral chromatophores tending to be in many longitudi-

nal rows Placobdella multilineata Moore, 1953

18. Body segments biannulate; known from mountains of North

Carolina and South Carolina; parasitic on salamander Des-

mognathus Oligobdella biannulata (Moore, 1900)

— Body segments triannulate (Fig. 2) (Batracobdella) 19

19. No white patches in genital and anal regions and at most only

slight, but variable, white patches around eyes and in neck

region; body smooth, opaque; no middorsal or marginal meta-

meric dots, prominences, or papillae; indistinct dark middorsal

stripe; two paramedial pairs of yellowish metameric dots; only

glossiphoniid commonly encountered on mating frogs, toads,

and salamanders; usually in small mud- and leaf-bottomed

ponds (Fig. 2C) Batracobdella picta (Verrill, 1872)

—
^ White patches in eye, neck, genital, and anal regions; body

translucent; conspicuous middorsal and marginal metameric

dots or papillae 20

20. Body convex, thick; in addition to marginal dots, metameric

pigmentation consisting only of 3 series of usually dark-tipped

papillae; sometimes with a slightly flattened body, a thick

dark band encompassing middorsal series of papillae, and a

white patch approximately halfway between genital and anal

patches; uncommon, usually along shores of large lakes and

rivers (Figs. 2D, E) Batracobdella phalera (Graf, 1899)

— Body excessively flattened, thin; no true dark-tipped papil-

lae; 5 longitudinal rows of white prominences surrounded by

yellowish dots equidistant longitudinally and transversely;

known only from southern INIicliigan (Figs. 2A, B)

Batracobdella michiqancnsis n. sp.

21. Dorsal and ventral surfaces heavily pigmented with uniform

grayish-blue chromatophores and with thin dark paramedial

lines extending to neck region; Ijody opacjue; dorsal surface

smooth, no papillae or scute; gonopores united; anteriorly

situated proboscis pore; uncommon, but locally abundant

(Fig. 5E) Oculobdella liicida Meyer and ]\Ioore. 1954

•—-Dorsum unpigmented or pigmented with longitudinal or
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transverse stripes and metameric dots; papillated or with a

chitinous scute in neck region; gonopores separated by at least

1 annulus; centrally located proboscis pore (Helobdella) 22

22. A chitinous scute or plaque in neck region (Fig. 17E) ; very

common (Fig. 5C) Helobdella stagnalis (Linnaeus, 1758)

— No such scute in neck region 23

23. Dorsum smooth, no papillae 24

•—-Dorsum with 3-7 longitudinal series of papillae on neural

annulus; degree of papillation variable 26

24. Body unpigmented. elongate, and cylindrical; lateral margins

of body almost parallel; translucent, internal organs visible

through body integument; 1 pair of crop caeca (Fig. 5D) ....

Helobdella elongata (Castle, 1900)

— Body pigmented with longitudinal or transverse stripes

;

flattened and leaf-shaped; opaque, internal organs not visible

through body integument; 6 pairs of crop caeca 25

25. Dorsum with transverse rusty-brown bands alternating with

wliite bands, the latter consisting of 8-10 confluent white dots

on neural annulus; no longitudinal pattern; pigment fades in

ethanol; known only from present study from southwestern

Michigan (Figs. 5A, B) Helobdella transversa n. sp.

— Dorsum with 6 major longitudinal white stripes alternating

with 6 coffee-brown stripes, including a middorsal band; no

transverse pattern; pigment remaining after preservation in

ethanol; uncommon, from large lakes and cold waters of nor-

thern United States and Canada (Figs. 4D-F)

Helobdella fusca (Castle, 1900)

26. Dorsum with 3 series of small black-tipped papillae; 4 series

of metameric white dots on neural annulus external to papillae;

no middorsal dots; a variable species, sometimes with longi-

tudinal stripes or with reduced number of papillae; common,

especially in southern states and in warm water (Figs. 4B, C)

[ Helobdella Uneata (Verrill, 1874)

— Dorsum roughly papillated, with many whitish rounded

l)ai)illae arranged in 5-7 longitudinal series on each neural

annulus; dorsum whitish, usually unpigmented; relatively

uncommon (Fig. 4A) Helobdella papillata (Aloore, 1906)

27. Without pulsatile vesicles along lateral margins of body re-

gion; 1 pair of eyes on oral sucker; caudal sucker usually

smaller than body width; body not separated into distinct

neck (trachelosome) and body regions; 5 pairs of testes 28
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— With 11 pairs of pulsatile vesicles (not very conspicuous

in Piscicola) along lateral margins of urosome; usually 2 pairs

of eyes on oral sucker; caudal sucker as wide as or wider than

body width; body may or may not be separated into distinct

neck and body regions ; 6 pairs of testes 29

28. A conspicuous pair of narrow black paramedial stripes extend-

ing from eyes to anal region; body stout, flattened centrally,

and convex dorsally; small oral and caudal suckers, the latter

distinct from body; mid-body segments triannulate; uncom-

mon (Fig. 18D) Piscicolaria reducta Meyer, 1940

— No longitudinal stripes; body elongate, narrow, and cylin-

drical; small oral and caudal suckers, the latter more or less

confluent with body and posteriorly directed; mid-body seg-

ments 12 (14) annulate; conunon (several forms known, ])os-

sibly representing one variable species; see jMeyer, 1940, 1946)

(Fig. 18C) Illinobdella moorei Meyer, 1940

29. Pulsatile vesicles large and conspicuous, even after preserva-

tion; body sharply separated into 2 regions, a small narrow

trachelosome and a wide urosome; caudal sucker large, oral

sucker relatively small; mid-body segments 7 annulate (Fig.

18A) Cystobranchus verrilli Meyer, 1940

s — Pulsatile vesicles small and obscure, may be overlooked

after preservation ; body elongate, not sharply separated into

neck and body regions; caudal sucker moderately large, about

twice width of oral sucker; mid-body segments 12 (14) annu-

late, may be 6 (7) in juveniles {Piscicola) 30

30. No ocelli on caudal sucker; gonopores separated by 4 tertiary

annuli; known east of Rocky Mountains (Fig. 18B)

Piscicola punctata (Vcrrill, 1871)

—-With 8-12 ocelli on caudal sucker; gonopores separated

by 2 annuli 31

31. With 8-10 ocelli on caudal sucker; sperm duct much convo-

luted; known from western United States and Canada

Piscicola salmositica Meyer, 1946

— With 10-12 (and perhaps more) ocelli on caudal sucker;

sperm duct simply looped; known east of Rocky ^Mountains

Piscicola milncri (Verrill, 1871)

{
— Wiscicola virginica (Hoffman, 1964), new combination;

= Wiscicola geometra of Moore (1898), Bere (1931), and

Mason et al. (1970). The occurrence of P. geometra in North

America is questionable.)
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32. Ejaciilatory duct with a pre-atrial loop extending anteriorly

to ganglion XI (Fig. 9) 35

—-Ejaciilatory duct without a pre-atrial loop extending an-

teriorly to ganglion XI (Fig. 9) {Mooreobdella) 33

33. Gonopores separated by 3 annuli, usually in furrows (Fig. 9C)
;

atrial horns laterally projecting; color usually uniform smoky

gray to brownish, without black pigment; distributed south of

southern tip of Great Lakes; common (Fig. 8E)

Mooreobdella microstoma (Moore, 1901)

—
• Gonopores separated by 2 annuli ; atrial horns more anter-

iorly ])rojecting than laterally; distributed in northern United

States and Canada 34

34. Atrial horns anteriorly projecting (Fig. 9E)
;
gonopores usu-

ally on rings; color uniform smoky gray, sometimes with

minute black chromatophores; moderate size (2-4 cm); dis-

tributed in northern tier of states and Canada; common in

cold-water streams and lakes (Fig. 8G)

Mooreobdella fervida (Verrill, 1874)

—-Atrial horns more laterally projecting than anteriorly (Fig.

9D)
;
gonopores on rings or in furrows; color uniform smoky

gray without black pigment; nerve commissure appears

through integument as a white ring around neck; slightly

smaller than alternative (2-3 cm) ; known only from south-

eastern ]Michigan; uncommon, but locally abundant in small

semipermanent wood ponds (Fig. 8F)

Mooreobdella bucera (Moore, 1949)

35. Gonopores separated by 2 annuli, usually in furrows; all mid-

body annuli of equal size and not subdivided, or all annuli of

varying width and subdivided 1 or more times 36

— Gonopores separated by 3'''i2 (2^ •)-4) annuli, usually on

rings; every fifth annulus in mid-body region wider and

slightly sulxlivided (Dina) 37

36. A paramedial and sometimes a paramarginal pair of variable

black pigment concentrations, forming 2 or 4 black longitudi-

nal stripes; mid-body annuli not subdivided; male gonopore

in adults remarkably large (Fig. 9F) ;
very common through-

out most of United States and Canada (Figs. 8C, D)
Erpobdella punctata (Leidy. 1870)

—
- Dorsum greenish brown, covered with sparse scattered

black blotches; no longitudinal stripes; most mid-body annuli

partially subdivided once or twice; male gonopore in adults

smaller than alternative (Fig. 9Gj ;
distributed only in north-
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ern tier of states and Canada; fairly common in cold-water

lakes and streams (Fig. 8H) . . . .Nephelopsis ohscura Verrill, 1872

37. Gonopores separated by 3Vi2 or more (31/2-4) annuli (Fig.

9A) ; heavily mottled dorsum, often with a variable black

middorsal stripe; greenish color quickly dissolves in ethanol;

moderate size (2-6 cm) ;
uncommon, but locally abundant

(Fig. 8A) Dina dubia Moore and Meyer, 1951

— Gonopores separated by 3yo or fewer (2y2-3Y2) annuli

(Fig. 9B) ; body virtually unpigmented; color uniform smoky

gray; small, usually less than 2 cm, but occasionally much

larger; uncommon (Fig. 8B) Dina parva Moore, 1912

(Dina anoculata Moore, 1898, a poorly known species de-

scribed from California, keys out here, but it differs from D.

parva in being without eyes.)

38. External copulatory glands, located 10-11 annuli posterior to

male gonopore or located around gonopores, which are ob-

scured by deep copulatory depressions; eversible male bursa

but no true penis or penis sheath
;
gonopores usually separated

by 2-4 annuli (5-5Vo in Macrobdella decora) (Fig. 14) 39

— No external copulatory glands; gonopores never obscured

by copulatory glands or depressions; gonopores separated by

5 annuli; filiform penis and penis sheath (Figs. 14D-F) ;
long

cylindrical pharynx with thin walls ; adults with straight sim-

ple crop with no lateral caeca except for single pair of pos-

terior crop caeca ; common in northern United States and Can-

ada, unknown from southern states (Figs. 13D-F) {Hae-

mopis; see Richardson, 1969) 43

—
• Six reddish longitudinal stripes ; 3-5 cm in length ; mannna-

lian bloodsuckers; probably not now established in North

America Hirudo mcdicinalis

39. Glandular area around gonopores
;
gonopores separated by 3-4

annuli, obscured by deep copulatory depressions (Fig. 14A)
;

double row of teeth (distichodont) per jaw; long cylindrical

pharynx with thin walls; straight simple crop with no lateral

caeca except for single pair of posterior crop caeca (Fig. 13C)

iPhilobdella) 42

— External copulatory glands located about 10-11 annuli pos-

terior to male gonopore (Figs. 14B, C) ;
single row of teeth

(monostichodont) per jaw; short bulbous muscular pharynx;

lateral caeca in each segment of crop (Figs. 13A, B) {Macrob-

della) 40

40. No median dorsal scries of 20 mctamcric dots; 8 copulatory
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glands (2 rows of 4); gonoporcs separated by 2 anniili (Fig.

14B) ; 46-55 teeth per jaw; distributed in southeastern United

States; common (Fig. 13B) Macrobdella ditetra Moore, 1953

— A median dorsal series of about 20 red metameric dots (Fig.

ISA) 41

41. Four copulatory glands (2 rows of 2)
;
gonopores usually sepa-

rated by 5-5yo annuli (Fig. 14C) ;
50-65 teeth per jaw; dis-

tributed in northern United States and Canada, also known

from northern Mexico (Caballero, 1952) ; very common (Fig.

13A) Macrobdella decora (Say, 1824)

—-Twenty-four copulatory glands (2 rows of 2 groups, con-

taining 6 glands each); gonopores separated by 2V2 annuli;

39-46 teeth per jaw; heretofore known only from Cambridge,

Massachusetts, from original description; rare (Fig. 37)

Macrobdella sestertia Whitman, 1886

42. Middorsal stripe, if present, dark brown; dorsum dark brown

with two faint reddish-brown bands along each side toward

margins, separated by a narrow black stripe; supramarginal

band sometimes broken but no distinct spots; margins and

venter dull reddish brown; about 20 teeth on each jaw; rare

and known only from original description from southern tip

of Florida Philobdella ftoridana (Verrill, 1874)

— Conspicuous light yellow middorsal stripe and a lateral

row of irregularly spaced black dots; venter uniform light yel-

low except for some irregular dark splotches, especially near

margins; about 40 (35-48) distichodont teeth on each jaw;

common and widely distributed throughout southern states,

extending up Mississippi Valley to southern tip of Illinois

(Fig. 13C) Philobdella gracilis Moore, 1901

43. Annuli VIIa3 and Vlllal completely subdivided ventrally,

i.e., 27 distinct annuli from oral cavity to annulus (XIb6)

bearing male gonopore (Fig. 14F) ;
middorsal black stripe

and yellowish marginal stripes; body firm; terrestrial to semi-

acjuatic; common, known from Illinois, Ohio, southeastern

Michigan, and i)robably neighboring states; large, 8-15 cm
(4-19 cm); jaws with teeth; flexion of penis sheath at XIV
(XIII74-XIV14) ;" anterior edge of prostate gland at XII-

XIIV4 (Figs. 150, J) ; ratio of short and long arms of penis

* In the key to the various species of Hacmopis, positions are pinpointed by frac-

tional distances between known gangha; i.e., X% refers to three-quarters of the

distance between gangha X and XI, or halfway between the somite hrait X/XI
and ganghon XI.
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sheath 1:1.6 (1:1.2 to 1:1.6) (Fig. 13F)

Haemopis terrestris (Forbes, 1890)

— Annuli VllaS and Vlllal not subdivided ventrally, i.e.,

only 25 distinct annuli from oral cavity to annulus (XIb6)

bearing male gonopore (Figs. 14D, E) ; no middorsal black

stripe (except Haemopis kingi) ; body soft and limp (except

H. kingi); semiaquatic to aquatic; both rare and common

forms; size variable, usually moderate (2-10 cm) 44

44. Jaws with teeth present; posterior crop caeca large, extending

to XXIII-XXIV; color variable; ovaries at either XII-XIIVo

or XIII% (Xlll-XIVyo) ; vaginal system extending to either

XIVy2 or XVI (XV-XVII) (Figs. 15E, H) 45

— No jaws or teeth; posterior crop caeca thin, extending in

adult to XXII (XXIi4-XXIiyo) but perhaps farther (XXIII-

1/4) in juveniles; color usually uniform slate gray with a few

irregular black blotches, but some may be heavily mottled

dorsally; often with yellowish marginal stripes; ovaries at

XII-XIiy2; vaginal system extending to XlVyo (XII-^-XV)

(Figs. 15F, I) 47

45. Flexion of penis sheath at XVII (XVI-XVIII14) ;
anterior

edge of prostate gland at XIV (XIIiyt-XVy2) ; vaginal sys-

tem extending to XVI (XV-XVII) ; ovaries at XIII^ (XIII-

XIVyo) (Figs. 15E, H) ; very common, known from most of

Great Lakes states, other northern states, and Canada; 2 color

forms: (1) olive green with heavy mottling dorsally and ven-

trally (Fig. 13D) ; (2) uniform slate gray with a few irregular

black blotches, resembling H. grandis

Haemopis marmorata (Say, 1824)

— Flexion of penis sheath at Xll-XIIiyo; anterior edge of

prostate gland at X^-XI ; vaginal system extending to XIV-

XIVVo ; ovaries at Xll^^-XIiyo 46

46. Color olive green with moderate to heavy black blotching dor-

sally and with yellowish marginal stripes; no middorsal black

stripe; body soft and limp; epididymis massive and extending

well beyond posterior end of si)erm sac; flexion of penis sheath

at Xlliy^; size, 5-10 cm; known only from northwestern Iowa

and southwestern Minnesota

Haemopis [(ttcrouiacidata Mathers, 1963

— Color olive green with a middorsal black stripe and with

yellowish marginal stripes; a few irregular black blotches;

young with metamcric black transverse bands; body firm;

epididymis not especially massive or extending consiiicuously
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beyond sperm sac ; flexion of penis sheath at XIIi/4 ; size,

6-13 cm Haemopis kingi Mathers, 1954

47. Flexion of penis sheath at XIII (XII-XIVil,) (Figs. 15F, I)
;

anterior edge of prostate gland at XP2 (XI14-XII) ; ratio of

short and long arms of penis sheath 1:1.0 to 1:1.8; epididymis

massive and extending well beyond posterior end of sperm sac

(Fig. 15C) ; size, 3-11 cm (3-18 cm); common, widely dis-

tributed over most of northern United States and Canada

(Fig. 13E) Haemopis grandis (Verrill, 1874)

—-Flexion of penis sheath at XVI; anterior edge of prostate

gland at about XIII34 ; ratio of short and long arms of penis

sheath 1:2.0; epididymis apparently not massive or extending

conspicuously beyond sperm sac; size, 4-13 cm; uncommon,

poorly known from original description from northern Min-

nesota and from a few references from other Great Lakes

states and Canada Haemopis plumbea Moore, 1912
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Fig. 1. A. Glossiphonia complanata. B. G. heterocUta. C. Tlieromyzon vieyeri.

D. Actinobdella inequiannulata, without caudal sucker. E. Caudal sucker of D,
showing retractile papillae (r.p.) around sucker cavity rim. A-D, dorsal view;

E, ventral view.



110

Fig. 2. Batracobdella. A. B. michiganensis. B. Digestive and reproductive sys-

tems of A. C. B. picta. D-E. B. phalera. A, C-E, dorsal view, a., atrium; c.c,

crop caecum; i., intestine; o., ovary; p., pharynx; t., testis; v.d., vas deferens.
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Fig. 3. Placobdella (dorsal view). A. P. montifera. B. P. pccUculata. C. P. para-

sitica. D. P. hollensis. E. P. onmta. F. P. papillifera.
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Fig. 4. Helohdella (dorsal view). A. H. papillata. B. H. Uneata. C. H. lineata.

D. H. fusca. typical form. E-F. H. fusca. color variants.

Fig. 5. A. Helobdella transversa. B. Digestive and reproductive systems of A.

C. H. stagnalis. D. H. clongata. E. Oculobdella htcida. A, C-E, dorsal view,

a., atrium; c, crop; i., intestine; p., pharynx; p.c.c, posterior crop caecum;

s., scute; t., testis; v.d., vas deferens.
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Fig. 6. A-B. Glossiphonia comiplanata from Earhardt Pond, Washtenaw
County, Michigan. A. Distribution of the number of cocoons deposited by 13

individuals (average number of cocoons per individual = 6.24). B. Distribu-

tion of the number of eggs contained in S9 cocoons (average number of eggs

per cocoon = 20.6). C-F. Helobdella stag7ialis, also from Earhardt Pond.

C. Distribution of the number of cocoons carried by 23 individuals (average

number of cocoons per individual = 8.35). D. Distribution of the number of

eggs contained in 193 cocoons (average number of eggs per cocoon = 4.23).

E. Eelationship between the average number of eggs per cocoon and the order

in which they were laid (assuming the anterior cocoons were laid first), based

on 23 individuals. F. Relationship between length and the average number of

eggs per individual (open circles) and cocoons per individual (closed circles),

based on 23 individuals.



115

40-1

f 1

^""""

1-

z
O 20- h
0.

-

-

r'l...' f f t f 1

G. complanata

3 5

COCOONS PER LEECH

T—I—

r

27 47

EGGS PER COCOON

H. stagnalis

3 5 7 9

COCOONS PER LEECH

H. stagnalis

5 7 9

EGGS PER COCOON

Z 5-

H. stagnalis

3 5 7 9

ORDER OF LAYING

H. stagnalis -10

LENGTH (mm)



116

Fig. 7. Egg-laying repertoire of Helohdella stagnalis, described in the text.

A-B, ventral and lateral views; C-H, lateral view, e.c, egg capsule; o., ovary;

s., scute.

Fig. 8. Erpobdellidae (dorsal view). A. Dina dubia. B. D. parva. C. Erpoh-
della -punctata. D. Three annuli showing color variants of E. punctata. E.

Mooreobdella viicrostoma. F. M. biicera. G. M. fervida. H. Nephelopsis

obscura.
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FiG. 9. Erpobdcllidae. Left, ventral view showing relative positions of male

and female gonopores; right, male reproductive system. A. Dina dubia. B. D.

parva. C. Mooreobdella microstoma. D. M. bucera. E. M. fervida. F. Erpob-

della punctata. G. Nephelopsis obscura. a., atrium; g., ganglion; v.d., vas

deferens.
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Fig. 10. Erpobdellid cocoons. A. Mooreobdella microstoma. B. M. bucera.

C. M. fervicla. D. Dina dubia. E. Erpobdella 'punctata. F. Nephelopsis obscura.
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Fig. 11. Erpobdellidae. Variations of the male reproductive system (A-B) and
relative positions of gonopores (C-K). A. Mooreobdella microstoma. B. Im-
mature Erpobdella punctata. C-D. M. bucera. E-G. Sample of 51 individuals

of M. bucera from Earhardt Pond, Washtenaw County, Michigan: E, 2.0%;
F, 92.2%; G, 5.9%. H. M. microstoma. I. Immature E. -punctata. J. M. jer-

vida. K. Nephelopsis obscura. a., atrium; g., ganglion; v.d., vas deferens.

Fig. 12. A-C. Mooreobdella bucera from Earhardt Pond, Washtenaw County,
Michigan. A. Relationship between the average number of eggs per cocoon

and the order in which they were deposited, based on IS isolated individuals.

B. Distribution of the number of cocoons deposited by IS isolated individuals

(average number of cocoons per individual = 4.6). C. Distribution of the

number of eggs contained in 103 cocoons (average number of eggs per cocoon
= 5.95). D-E. Dina dubia from Duck Lake, Calhoun County, ^Michigan. D.
Distribution of the number of cocoons deposited by 10 isolated individuals

(average number of cocoons per individual = 7.9). E. Distribution of the

number of eggs contained in 94 cocoons (average number of eggs per cocoon
= 4.15).
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Fig. 13. Hirudinidae (dorsal view). A. Macrobdella decora. B. M. ditetra

(Mcintosh County, Georgia). C. PhilobdeUa gracilis. D. Haemopis marmorata.

E. H. grandis. F. H. terrestris.
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Fig. 14. Hirudinidae (ventral view). A. Philobdella gracilis. B. Macrohdella

ditetra (Mcintosh County, Georgia). C. M. decora. D. Haemopis marmorata.

E. H. grandis. F. H. terrestris. e.g., copulatory glands; c.p., copulatory pit;

n., nephridiopore; pe., penis. Shadings in D-F indicate subdivisions of annuli

VllaS and Villa 1.
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Fig. 15. Haemopis. A-D. Epididymis and sperm sacs. E-G. Dissections of male

and female reproductive systems. H-J. Posterior part of dio;esti^'e tract. A, B,

E, H. H. marmorata. C, F, I. H. grandis. D, G, J. H. terrestris. c, crop; e.,

epididymis; g., ganglion; i., intestine; o., ovary; o.d., oviduct; p.c.c, posterior

crop caecum; p.g., prostate gland; p.s., penis sheath; r., rectum; s.s., sperm

sac; t., testis; v., vagina; v.d., vas deferens.
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Fig. 16. Variations of the relative positions of gonopores. A. Haemopis terres-

tris. B. H. grandis. C. H. marmorata.
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F

Fig. 17. Dorsal views of the head region showing various arrangements of

eyes. A. Glossiphonia complanata. B. G. heterocUta. C. PlacobdcUa JwUensis.

D. Theromyzon meyeri. E. Helobdella stagualis. F. Diiia parva. G. Hacmo-
pis grandis. a.e., accessory eyes.
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Fig. is. Piscicolidae. A. Cijstobranchus verrilU.
nobdella moorei. D. Piscicolaria reducta.

B. Piscicola punctata. C. ///z-
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Figs. 19-36. County outline maps of the Great Lakes region shownig known

positive records of the occurrence of each species ; open symbols represent

published records thought to be valid, and solid symbols represent new records

encountered in the present study.

Fig. 19. Glossiphonia comphmata.
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Za a fjlussipliuniu heterudhii

O • BatracobdcUa jncta

Fig. 20. Glossiphonia heterocUta. Batracohdella picta.
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O 9 Bnlracobdclla phalera

B. michiganensis

l\ a Thrroyvyziin mrycri

Fig. 21. Batracobdella phalera. B. michiganensis. Theromyzon meyeri.
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Fig. 22. Placobdella parasitica.
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Fig. 23. Placohdella ornata.
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# Flacbdclla jnijMift'

A P- ptdiculato

Fig. 24. Placobdella papilliiera. P. pedicidata.
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O • I'lacobddia montiffra

A A I'- hollemis

Fig. 25. Placobdella montifera, P. hollensis.
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Fig. 26. HeJobdella stagnalis.
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O # HdnhdcUa lineat.

A A H.fuscafusca

H //. transversa

Fig. 27. Helobdella Uneata. H. fusca fusca. H. transversa.
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O • Ihlohddla riongata

Fig. 2S. Helobdella elongata, H. papillata.
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O • AftmuhddUi imqwannulata

l\ a. triannulata

D A. anuectcns

Fig. 29. Actinobdella inequiannulata, A. triannulata, A. annectens.
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Fig. 30. Erpobdella punctata.
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O • Xrl'liflojisis obs(-ura

^ Octilohdrlla lucida

Fig. 31. Ncphelopsis obscura, OcuIobdeUa lucida.
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A A !>iiw dubia

O % n. jH-irva

Fig. 32. Dina dubia, D. parva.
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O # MonrcnbiUila microstoma

A A -1/. iervida

D M- huccra

Fig. 33. Mooreobdella microstoma, M. fervida, M. bucera.
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O 9 Haemopis marmoraia

/\ H. lateromaculata

Fig. 34. Haemopis marmorata. H. lateromaculata.
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O 9 Hdcmiijiis nraiidii

A A //. tcrrcstris

Fig. 35. Haemopis grandis. H. terrestns. H. kingi.



146

O • Macrohddla decora

A I'hilobdcUa i^racitis

Fig. 36. Macrobdella decora, Philobdella gracilis
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-|

—

.50 1.0 cm

Fig. 37. Macrobdella sestertia (Cambri(lp;o, Massachusetts) (ventral view),

Drawn by Mary Beth Welch, Duke University.





INDEX

Page numbers in italics refer to illustrations.

Accessory eyes. See Ocelli

Actinohdella, 28, 39, 73, 80

A. annectens: description, 81; dis-

tribution, 139

A. inequiannulata : description, 40,

81,109; distribution, 139

A. triammlata: description, 81; dis-

tribution, 40, 139; on fish, 40, 78

Agkistrodon, 72

Alligator: host ior Philobdclla qracilis,

72

AUolobophora: in crop of Philohdella

gracilis, 72

Amhloiplites, 22

Amhystoma, 11, 68

AmericobdeUa valdiviana: from Chile,

65; earlier synonym of Haemopis
terrestris. 65

Amphibians: Batracobdella in, S3;

hosts for leeches, 79; leeches as

vectors for blood parasites of, 73;

leeches eating eggs of, 68, 72 ; Mac-
robdella in, 67-69; Placobdella vion-

tifera in, 27. See also Frogs; Sala-

manders
Amphibious habits, 58. »See also Ter-

restrial habits

Annulus, 77

Anoculobdella. 41

Aplodinotus, 28, 73

Aulastovium, 55

Barometric pressure : leeches respond-

ing to changes of, 1

Batracobdella: on amphibians, 81;

description, 83, 110; systematics, 9

B. michiganensis : description, 13-

14, 83, 110; distribution, 13, 131

B. paludosa, 9

B. phalera: description, 12,83,^^0,-

distribution, 13, 131 ; ecology, 13;

food, 12-13; reproduction, 13;

resemblance to Actinobdella an-

nectens, 39; synonymy, 12

B. picta: carrying Hclobdclla stag-

nalis. 31; description, 10. s3.
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110; distribution, 12, 130; ecol-

ogy, 10-11; food, 11; in lymph
spaces of bullfrog, 75; mated
with PlacobdeUa parasitica, 20;

regulating population density of

Bufo americauus. 11; reproduc-

tion, 11; synonymy, 10; vector

for trypanosomes, 73

Bdellarogatis, 54

Birds : dispersal agent for leeches, 75

;

hosts for leeches, 79; Macrobdella

decora in, 68; PlacobdeUa ornata

in, 22; Theromyzon in, 17. See also

Fidica; Marcea; Querquedida; Po-

dilymbns

Bloodsucking habits, 67, 79, S7. See

also Medicine

Brooding, 78-79

Bufo americanus: host for Batracob-

della picta, 11; host for Macrob-
della decora, 68; natural popula-

tions regulated by Batracobdella

picta. 11

Cannibalism: of adult leeches, 1, 58-

59 ; of cocoons, 52-53

Carp. See Cyprinus carpio

Catostonms: host for Actinobdella

trianmdata, 40, 81

Caudal sucker: stalked in Actinob-

della, 39-40, 81; stalked in Placob-

deUa pedicidata, 28, 40, SO

Chelydra serpentina as host for

leeches: Acti7iobdella annectens,

81; Philobdella gracilis. 72; Placob-

deUa ornata. 22; PlacobdeUa para-

sitica, 20

Chitinous structures in leeches: co-

coons in Erpobdellidae, 119; dorsal

plaque or scute in Helobdella stag-

nalis, 84, 113, 116; teeth in Hiru-

dinidae, 87

Chrysemys picta as host for leeches:

PlacobdeUa hoUeyisis, 26; P. ornata,

22; P. parasitica, 20

Clemmys guttata, 20

Clepsine elegans: synonym for Glossi-

phonia complanata, 4

C. occidentalis : synon}'m for The-

romyzon meijeri, 14-15

C. pallida: synonym for Glossi-

phonia heteroclita, 4

C. papiUifera var. b: synonym for

Helobdella papiUata, 37

Cocoons: in Erpobdellidae, 119

Coot. See Fidica

Cows: associated with leeches, 67, 70

Cyprinus carpio, 27

Cystobranchiis. 85, 12S

Desmognathus: host for OligobdeUa

biannxdata, 41, 83

Desiccation tolerances in PlacobdeUa

parasitica, 21

Dispersal agents, 75

Dina, 47, 86

D. anocidata: doubtful species, 47,

87

D. dubia: cocoon, 119; description,

48, 87, 117, 118; distribution, 48-

49, 74, lJf.2; ecology, 48; enemies,

58; reproduction, 121: synon-

ymy, 48

D. lateralis: synonym for Erpob-

della punctata. 47

D. parva: description, 47, 87, 117,

lis. 127; distribution, 48, 74,

11^2; ecology, 48; synonymy, 47

Distribution maps, 3, 129-146

Dnmifish. See Aplodinotus

Ejaculatory duct, 86

Emydoidea blandingi: host for Pla-

cobdeUa parasitica, 20

Endemic genera of North America, 73

Endoparasitism: by Batracobdella

picta in subcutaneous lymph spaces

of frog, 11; by Macrobdella ditetra

in teats of cow, 75; by Nephelopsis

obscura in air bladder of fish, 75

Erpobdella. 43

E. octoculata: related to E. punc-

tata, 43

E. punctata: cocoon, 119; descrip-

tion, 43, 86, 117, US; distribu-

tion, 44-45, 74, 140 ; ecology, 44;

enemies, 7, 58; food, 44; life

cycle, 44; migration, 44, 75; re-

production, 44; synonymy, 44;

variations, 120
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Erpobdellidae, 43-53, 117

Eyes. See Ocelli

Figures, 109-147

Fish as hosts for leeches, 78; Actinob-

della triannulata, 40; MacrobdeUa
decora, 68; Nephelopsis obscura in

air bladder of, 46; Piscicola salmo-

sitica. 73; PlacobdeUa montifera,

27; P. ornata, 22; P. parasitica, 20;

P. pedicidata, 28, 73. See also Am-
bloplites; Aplodiyiotus ; Catosto-

mus; Cyprinus carpio; Ictalurus

melas ; Lepisosteus; Lepomis; Mi-
cropterus; Moxostoma; Salvelinus;

Sturgeon

Fossil leeches, 73. See also Chitinous

structures in leeches; PontobdeUop-
sis cometa

Frogs as hosts for leeches: Batracob-

della picta. 11; MacrobdeUa decora,

68; M. ditetra, 69; PhilobdeUa

gracilis. 72; PlacobdeUa parasitica,

20. See also Bvjo americanus;

Hyla; Raua
Fulica. 17, 22

Ganglion, 78, 88

Glands: adhesive, SO; copulatory de-

pressions, 87, 124: copulatory, 66,

67, 69-71, 79, 87, I24. 147; retrac-

tile papillae, 109

Glossiphonia, 4-9

G. complanata: brooding behavior,

7; description, 5, 79, 109, 127;

distribution, 7, 74, 129; ecology,

6-7; food, 6-7, 31, 59; reproduc-

tion, 7, II4-II0: synonymy, 5;

variations, 6

G. complanata moUissima, 4

G. heteroclita: description, 8, 80,

109. 127; distribution, 9, 74, 130;

ecology, 8-9; reproduction, 9;

synonymy, 8; variations, 8

G. rudis: synonym for Tiieromyzori

rude, 14

Glossiphoniidae, 4-42, 79

Glossiphoniinae : including oculob-

della. 42; inclucUng oligobdella. 41

Gnathobdella, 79

Gonopore, 78, 86

Graptemys geographica: host for Pla-

cobdeUa parasitica, 20

Haementarinae, 41-42

Haementeria: svnonym for Placob-

deUa. 18

Haemopis: description, 87, 125; re-

cent revision, 54; systematics, 54.

See also Bdellarogatis ; MollibdeUa;

Percymoorensis

H. grandis: carrying Helobdella

stagnalis, 31; description, 60, 90,

123-125, 127; distribution, 62, 74,

145; ecology, 62; enemies, 7;

synonymy, 55 ; variations, 56, 126

H. mannorata: carrying Helobdella

stagnaUs. 31; description, 56, 90,

123-123; distribution, 59, 74,

144: ecology, 58; enemies, 58-59;

food, 58; mated with PlacobdeUa

parasitica. 20; migration, 58, 75;

reproduction, 59; synonymy, 55;

variations, 56, 126

H.ki7igi, 90-91, 145

H. lateromocidata. 90, 144

H. plumbea, 66, 90

H. terrestris: description, 63, 79,

89, 123-125; distribution, 65,

145; ecology, 65; sjaionymy, 62-

63 ; variations, 126

Helisoma. 31, 36

Helobdella: description, 84, 112; dis-

tribution, 29; systematics, 29-30

H. elongata: description, 37, 84,

113: distribution, 37, 138; ecol-

ogy, 37; synonymy, 37. See also

H. michaelseni

H. jusca: description, 36, 84, 112;

distribution, 36, 137: ]iolymor-

])hisni, 34-36; roiiroduction, 35;

synonymy, 35, 37-38

H. lineata: description, 34, 84, 112:

distribution, 35, 74, 137: poly-

mor])hism, 34-35; synon3'my, 33-

35

H. michaelseni, 37

//. ncpheloidea: synonym for H.

elongata, 37
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H. papillota: description, 3S, 84,

112; distribution, 38, 13S ; repro-

duction, 38; synonymy, 37-38

H. pimctatoHneata: from Puerto

Rico, 30

H. stagnaUs: carried by Haemopis
grandis, 31; carried by Haemopis
marmorata, 59; carried by
Macrohdella decora, 31; descrip-

tion, 30, 84, 113, 127; distribu-

tion, 33, 74, 136; enemies, 58;

reproduction, 31-33, 114-116;

synonymy, 30; variations, 31, 34

H. transversa: description, 38-39,

84, 113; distribution, 38, 137

H. triserialis: polymorphism, 34;

from South America, 35

Hemoflagellates : spread by Piscicola

salmositica. 73

Hirudiniasis, 75

Hirudinidae: etymology of, 54; sys-

tematic accounts of, 54-72, 79, 87-

90, 123

Hirudo medicinalis: not established in

North America, 72, 87

Hyla, 11

Ictalurus melas: host for Placobdella

montifera. 27

Illinobdella moorel, 73, 85, 12S

Insect larvae: as food for leeches, 27,

31, 37, 44, 46, 48, 50, 58, 62, 68

Key for leech identification, 2, 76-90

Krnoster?ion: host for Philobdella

gracUis, 72

Leeching, 1, 67. See also Medicine

Lepisosteus : host for Placobdella

montifera, 27

Lepomis: host for Placobdella monti-

fera. 27

Lymnaea: not fed on by Glossiphonia

complcmata, 7; G. heteroclita har-

boring in mantle cavity of, 8

Macrobdella. 66, 73, 87

M. decora: bloodsucking habits,

79 ; carrying Helobdella stagnalis,

31; description, 67, 87-88, 123-

124; distribution, 69, 74, 88, 146;

ecology, 67-68; enemies, 62; food,

67-68; life historj-, 67; reproduc-

tion, 68; synonymy, 66-67

M. ditetra: description, 69, 88, 123-

124; distribution, 70, 74; ecol-

og}', 69-70; in teats of a cow, 75;

synonymy, 69

M. sestertia: description, 88, 147;

distribution, 75; synonymy, 70

Marcea, 22

Marvinmeyeria lucida. See Oculob-

della lucida

Medicine: use of leeches in, 1, 67, 72

Menetus, 7

Metacercariae : in Haemopis m.armo-

rata, 59

Microbdella: synonvm for Oligob-

della, 40

Micropterus. 27

Migration of leeches, 1, 44, 58, 75

Mollibdella, 54, 60. See also Haemopis
Mooreobdella, 48, 73, 86

M. bucera: cocoon, 119; descrip-

tion, 51, 86, 117-118; distribu-

tion, 53, 75, 143; ecology, 53;

population structure, 52, 53; re-

production, 52-53, 121 ; synony-

my, 51 ; variations, 120

M. fervida: cocoon, 119; descrip-

tion, 49, 86, 117-1 IS; distribu-

tion, 50, 74, 143; ecology, 50;

synonymy, 49; variations, 120

M. microstoma: cocoon, 119; de-

scription, 50, 86, 117-1 IS; distri-

bution, 45, 51, 74, 143; ecology,

50-51; synonjmiy, 50; variations,

120

Moxostoma, 27

^lussels, 27

Xatrix: host for Philobdella gracilis,

72

Nematomorphs : in Erpobdella punc-

tata. 44

Nephelopsis, 45, 73

A'', obsctira: cocoon, 110; descrip-

tion, 44, 46, 79, 87, 117. US; dis-

tribution, 46-47, 74, 141 : ecol-

og3^, 46; food, 46; in air bladder
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of trout, 75; reproduction, 46;

synonymy, 46-47; variations, 120

Nephridiopore, 12J^

Neurosecretion, 16

Notophthabnus, 11

Ocelli: accessory eyes of Placobdella

hollensis, 25, 82, 127 ; of leeches, 79,

127

OculobdeUa, 41

0. lucida: description, 42, S3, 113;

distribution, 42, 74, I4I ; ecology,

42 ; synonymy, 42

0. socimulcensis, 41

Oligohdella, 40

0. biannulata, 40-41, 75, S3

Parasites of leeches. See Hemofla-

gellates; Metacercariae; Nemato-
morphs ; Trypanosomes

Percijmoorensis, 54, 55, 63

Pharyngobdella, 79. See also Erpob-

dellidae

PhilobdeUa: bloodsucking habits, 79;

description, S7; distribution, 73;

systematics, 70

P. floridana: description, SS; distri-

bution, 75; synonymy, 71

P. gracilis: description, 71, SS, 123-

124; distribution, 72, 74, 146;

ecology, 71-72; synonymy, 71

Physa, 6-7, 31

Pigments: green dissolves in ethanol,

20,39
Piscicola, 85

P. geometra, 85

P. milneri, 85

P. punctata, 73, 85, 12S

P. salmositica: description, 85;

food, 73; vector for blood para-

sites, 73

P. virginica, 85

Piscicolaria, 73

P. reducta, 85, 12S

Piscicolidae, 78, 84-85, 128

Placobdella, 18,81, 111

P. hollensis: description, 25, 82, 111,

127; distribution, 26, 135; food,

26; reproduction, 26; svnonymy,

25

P. montiiera: description, 27, 81,

111; distribution, 27-28, 135;

food, 27; reproduction, 27; syn-

onymy, 26-27

P. multilineata : description, 83;

distribution, 23, 74; possible

southern subspecies of P. ornata,

29; synonymy, 29. See also P.

ornata

P. ornata: description, 22, 82-83,

111; distribution, 23, 74, 133;

ecology, 22; enemies, 62; food,

22; reproduction, 23; synonymy,
21

P. papillifera: description, 24, 82,

111; distribution, 24-25, 134;

food, 24; reproduction, 24; syn-

onymy, 23

P. parasitica: description, 19, 82,

111 ; desiccation, 21; distribution,

21, 132; ecology, 20; mating with

other species, 20; reproduction,

20; synonymy, 18-19

P. pedicidata: description, 2S, SO,

81, 111; distribution, 28, 135;

food, 73, 78, 81 ; synonymy, 28

Podilymbus: host for Theroniyzon

meyeri, 17

Polymorphism in Helobdella, 29-30,

34-35, 112

Pontobdellopsis com eta : possible leech

fossil, 72

Pseudemys: host for Placobdella or-

nata, 22 ; host for P. parasitica. 20

Pulsatile vesicle, 85

Quaternary ice advance, 74

Querquedula: host for Thcromijzon

meyeri. YJ

Rana: catesbciana as host for Batra-

cobdella picta, 11; for Macrobdella

decora, 68; for M. ditctra, 69; for

PhUobdella gracdis. 72

R. clamitans: host for PhilobdeUa

gracilis. 72

R. griilio: host for PhilobdeUa gra-

cilis. 72

R. pipiois: host for Pliilobdclla
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gracilis. 72; host for Placobdella

parasitica, 20

Rhynchobdella, 78

Salamanders: hosts for Batracobdella

picta, 11; hosts for Macrobdella

decora. 6N; hosts for Oligobdella

hiannnlata. 41, S3. See also Ambxj-

stoma; Desmognathus; Notoph-

thaljnus ; Trypanosomes

Salvelinus. 46, 6S

Scute, dorsal. See Chitinous structures

in leeches; Helobdella stagnalis

Serniscolex terrestris: synonym for

Haemopis terrestris, 62

Snails : as hosts for Glossiphonia com-

planata, 6-7; for Haemopis grandis,

62; for Haemopis marmorata. 58;

for Helobdella jusca. 36; not hosts

for Helobdella stagymlis, 31; mantle

cavity harboring Glossiphonia he-

teroclita. 8. See also Helisoma:

Lymnaea: Menetus: Physa; Stag-

7iicola

Snakes: as hosts for leeches, 72. See

also Agkistrodon; Matrix

Snapping turtle. See Chelydra serpen-

tina

Species: disjunct, 75; doubtful, 87;

incipient, 75; introduced, 9, 15, 72,

85, 87; northern, 74; peripheral,

75; polymorphic, 29-30, 34-35, 113;

relict, 75; restricted geographically,

74-75; southern, 75; ubiciuitous, 74

Stagnicola, 31

Sternothaeriis as host for leeches : Ba-

tracobdella phalera. 12; Placobdella

ornata, 22; P. papillifera, 24; P.

para,sitica, 20

Sturgeon, 68

Sucker. See Cato.stottius; Caudal

sucker

Swimming in leeches, 18, 82

Synonymy, 2

Techniques: dissection, 77; preserva-

tion, 77

Teeth. See Chitinous structures in

leeches

Terminology. See Annulus; Ejacula-

tory duct; Ganglion; Gonopore;

Nephridiopore ; Pulsatile vesicle

;

Trachelosome

Terrapene: host for Placobdella or-

nata. 22

Terrestrial habits, 63. See also Am-
jihibious habits

Theromyzon: dispersed by birds, 75;

systematics, 15-16

T. meyeri: description, 16-17, 80,

100^ 127; distribution, 18, 131;

ecology, 17; food, 17; reproduc-

tion, 17; synonymy, 16

T. rude: description, 80; neuro-

secretion, 16; type material, 15;

synonymy, 15

T. tessidatum. 15

Toads. See Amphibians; Frogs

Trachelosome, 85

Trionyx: host for Placobdella ornata,

22

Trocheta, 46

Trypanosomes, 11

Turtles as hosts for leeches, 79, 81;

Actinobdella annectens, SI; Batra-

cobdella phcdera, 12; Macrobdella

decora, 67; Philobdella gracilis, 72;

Placobdella hollensis, 26; Placob-

della ornata, 22; Placobdella papil-

lifera, 24; Placobdella parasitica,

20, 82. See also Chelydra; Chry-

semys; Clennnys; Emydoidea;
Graptemys; Kinosternon; Pseud-

emys; Sternothaeriis; Terrapene;

Trionyx

Wisconsinan ice advance, 74

Zoogeography of leeches, 73, 75. See

also Distribution maps
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