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Foreword

This NOAA Technical Report NMFS is part of the subseries “Marine Flora and
Fauna of the Eastern United States” (formerly “Marine Flora and Fauna of the
Northeastern United States”), which consists of original, illustrated, and mod-
ern manuals on the identification, classification, and general biology of the
estuarine and coastal marine plants and animals of the eastern United States.
The manuals are published at irregular intervals on as many taxa of the region
as there are specialists available to collaborate in their preparation. These
manuals are intended for use by students, biologists, biological oceanogra-
phers, informed laymen, and others wishing to identify coastal organisms for
this region. They can often serve as guides to additional information about
species or groups.

The manuals are an outgrowth of the widely used “Keys to Marine Inverte-
brates of the Woods Hole Region,” edited by R. I. Smith and produced in 1964
under the auspices of the Systematics Ecology Program, Marine Biological
Laboratory, Woods Hole, Massachusetts. Geographic coverage of the “Marine
Flora and Fauna of the Eastern United States” is planned to include organisms
from the headwaters of estuaries seaward to approximately the 200-m depth on
the continental shelf from Maine to Florida, but may vary somewhat with each
major taxon and the interests of collaborators. Whenever possible, representa-
tive specimens dealt with in the manuals are deposited in the reference collec-
tions of major museums.

The “Marine Flora and Fauna of the Eastern United States” is being prepared
in collaboration with systematic specialists in the United States and abroad.
Each manual is based primarily on recent and ongoing revisionary systematic
research and a fresh examination of the plants and animals. Each manual treats
a separate major taxon and includes an introduction, illustrated glossary, uni-
form and originally illustrated keys, an annotated checklist (with available
information on distribution, habitat, life history, and related biology), refer-
ences to the major literature of the group, and a systematic index.



Marine Flora and Fauna of the Eastern United States
Platyhelminthes: Monogenea

SHERMAN S. HENDRIX

Department of Biology
Gettysburg College
Gettysburg, PA 17325

ABSTRACT

This manual includes an introduction to the general biology of the platyhelminth class
Monogenea, an illustrated key to the generic level, an annotated systematic list of 108
species in 75 genera and 28 families, a glossary of terms, a host-parasite list, a selected
bibliography, and a systematic index. The species listed have been reported on fishes taken
in the coastal waters of the northwestern Atlantic Ocean from the U.S.-Canada border to
Beaufort, North Carolina. Many of the species, however, have wider geographic distribu-
tions that are not reported herein unless adjacent to the geographic area above. In addition,
a single species of Neodermata, Udonella caligorum, that is found attached to copepods on

fish gills is also listed.

Introduction

All monogeneans are parasitic on or, occasionally, para-
sitic in marine and freshwater fishes, in the urinary
bladders of some turtles and amphibians, and on the
eye of Hippopotamus. Most species are ectoparasitic on
the gill filaments of their fish hosts; some are ectopara-
sitic on fins, on the body surface, in the nostrils, and in
the buccal cavity; others are endoparasitic in the esopha-
gus, cloaca, urinary tract, and (in at least one juvenile)
the heart. Most monogeneans are highly host specific
(Hargis, 1957b), which aids in the specific identifica-
tion of worms from a particular host. Many of the
Monogenea reported from marine and estuarine fishes
along the northeastern coast of the United States (Maine
to North Carolina) have a more extensive, sometimes
cosmopolitan, geographic distribution than is covered
in this manual. Only a fraction of potential fish hosts
have been reported with these parasites. Because many
host species have not yet been examined for these
helminths, much remains to be done to expand both
geographic ranges and host records for Monogenea.
All known Monogenea are hermaphroditic. Most are
oviparous (Kearn, 1986) with a shortlived free-swim-
ming ciliated larva, the oncomiracidium (Llewellyn,
1963, 1968, and 1972). Oncomiracidia of at least three
marine species are known to seek their specific hosts
primarily by chemotaxis, responding to components in

fish mucus (Kearn, 1967, 1973, and 1974a; Whittington
and Kearn, 1986 and 1990; Whittington, 1987, a and b).
Once attached, larvae shed the ciliated epidermis and,
as juveniles, remain in place or migrate to the normal
site of development, e.g. the ventral surface skin or
gills, where they mature to adults. The “viviparous
Monogenea,” such as Gyrodactylus spp., give birth to
non-ciliated larvae, which are transmitted to new hosts
by direct contact, either as larvae or adult worms.

The biology of monogeneans found along the U.S.
Atlantic coast is still poorly known. Most studies on
these worms comprise new species descriptions or sur-
veys that give data on prevalence, intensity of infection,
or both (e.g. McMahon, 1963 and 1964; Meyers, 1978),
although a few publications deal with the ciliated onco-
miracidial stage (e.g. Kingston et al., 1969), micro-
ecology (e.g. Suydam, 1971), or pathology (e.g. Lawler,
1977; Overstreet, 1978 and 1992).

Monogenea is now generally recognized as a separate
class within the phylum Platyhelminthes, rather than a
subclass of the class Trematoda. However, considerable
controversy remains in the recognition of evolutionary
relationships among the higher taxa within the
Monogenea (Bychowsky, 1937 and 1957; Llewellyn, 1970
and 1981; Gusev, 1978; Lebedev, 1979 and 1988; Mamaev
and Lebedev, 1979; Lambert, 1980, a and b; Malmberg,
1982, 1986, and 1990; Rohde, 1990; Justine, 1991; Boeger
and Kritsky, 1993). To present the marine monogene-
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ans in this manual, I generally follow the system pro-
posed by Llewellyn (1970), as modified by Beverley-
Burton (1984) for the orders and families found on
Canadian hosts. The exceptions are that Udonella has
been removed from the Turbellaria, the microbothriids
assigned to the order Microbothriidea Lebedev, 1988,
and the monocotylids assigned to the order Monocoty-
lidea Lebedev, 1988.

Only adult monogeneans are treated in this manual.
The free-swimming oncomiracidial stage is not covered
except to mention, in the systematic section, those spe-
cies for which a description has been given. Monoge-
nean species from estuarine and continental shelf fishes
are included while species from offshore deep-water
fishes are not. The northern extreme of the geographic
range covered herein is the U.S.-Canada border; the
southern extreme is Beaufort, North Carolina. Many of
the monogeneans listed below have a wider geographic
distribution. Generally, only those reports from adja-
cent geographic regions are included; reports from
other parts of the globe are not.

Collection and Examination

Collecting monogeneans from freshly caught marine
fishes most often involves examining the body surface
and fins before removing gills by the following methods:

1. Place the gills in a separate container of dilute
formalin, e.g. 1 part concentrated (40% formaldehyde
or “100%”) formalin to 4,000 parts seawater (Pritchard
and Kruse, 1982), which relaxes and fixes the worms
with a minimum of contraction or distortion.

2. Examine the fins, skin, scales, buccal cavity, nasal
capsules, and cloaca of the fishes for monogeneans.

3. Leave the material in the dilute formalin solution
for approximately one hour, which is sufficient time to
relax most specimens.

4. Shake the container vigorously for about a minute
to dislodge wormes.

5. Pour the liquid into a cylinder or other tall con-
tainer and let it stand for several minutes to allow the
worms to settle.

6. Decant the supernatant fluid and examine the
sediment in a petri dish under a dissecting microscope.

7. Pipet worms into a fixative, such as 5% formalin or
AFA (alcohol-formalin-acetic acid).

An alternative method is to place the heads or whole
fish directly into a fixative, such as 10% formalin or
AFA, at a proportion of 2-3 parts fixative to 1 part gill
material.

Alternative methods for relaxing and isolating worms
are given by Pritchard and Kruse (1982). For example,
freezing the gills, branchial basket, or even whole fishes
for 6-12 hours often aids in preventing mucus produc-

tion by gill tissues and kills the worms in a relaxed state.
However, for studies involving transmission electron
microscopy, physiology, or behavior, carefully remove
living worms from the host with the aid of a dissecting
microscope. For scanning electron microscopy thor-
oughly wash worms by vigorous shaking in several
changes of artificial seawater to remove attached mucus
and debris before fixation (Halton, 1974).

After specimens have been in the fixative for 12-24
hours, transfer specimens to vials that contain internal
labels and 70% ethanol for storage. However, speci-
mens may be left in the formalin fixative almost indefi-
nitely. Because of the importance of hamuli and mar-
ginal hooklets in taxonomy, small monogeneans such
as Gyrodactylus spp. are usually mounted unstained on
slides in glycerol jelly by using a double coverslip method
(Pritchard and Kruse, 1982). However, another stain-
ing method uses Gormori’s trichrome solution with
good results (Kritsky et al., 1978).

Treat larger monogeneans in a manner similar to the
whole mount preparation techniques employed for di-
genetic trematodes. After fixing, store the worms in
70% ethanol until stained. Most staining procedures
use either alcoholic carmine or aqueous hematoxylin.
Several general parasitology laboratory manuals (e.g.
Pritchard and Kruse, 1982; Meyer et al., 1992) provide
detailed accounts of the fixation, staining, dehydration,
clearing, and mounting techniques employed to study
these organisms. Cooper (1988) described the prepara-
tion of serial sections of platyhelminth parasites, which
are useful in tracing the location of ducts and other
structures.

Several structures are important for the identifica-
tion of Monogenea. Most important for identification
of monogenean genera is the posterior attachment or-
gan, or haptor, and its associated hard (sclerotized)
structures (Figs. 1-4). The shape and nature of the
anterior attachment structures, reproductive system,
and digestive system are also important in keying out
these worms (Figs. 1 and 2). The anterior attachment
organ may comprise a pair of concave disklike struc-
tures, a pair of buccal suckers, head organs (paired,
glandular duct openings), or a single, weak, oral sucker.
The number and placement of the testes, presence or
absence and shape and number of spines within the
male copulatory complex, shape and position of the
ovary and uterus, and position of the vagina(e) and
genital pore are all useful diagnostic characters. Eggs,
when present in the uterus or ootype, can also aid
identification. The intestine usually consists of a pair of
straight or highly branched ceca that end blindly or are
confluent at the posterior end of the body. However, in
some of the larger species the intestinal ceca may be
obscured by extensive vitellaria. In some taxa the shape
of the pharynx is of taxonomic value.
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Figure 1
Dasybatotrema dasybatis (family Monocotylidae), generalized composite anatomy, ventral
view. Scale: 1 mm.
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Figure 2
Pauciconfibula pogoniae (family Microcotylidae), generalized
composite anatomy, ventral view. Scale: 2 mm.

intestinal cecum

Monogeneans included in the key of this manual are
designated by a specific name when only one member
of the genus is known from the coastal waters of the
western Atlantic from the U.S.-Canada border to Beau-
fort, North Carolina. Where more than one representa-
tive of a genus has been reported, the key is to genus
and the reader should consult the systematic account
and the host-parasite list for more information at the
species level. Drawings included in the key were made
with the aid of a microprojector. The majority of illus-
trations are from specimens borrowed from the U.S.
National Museum Helminth Collection, Biosystematics
Laboratory, U.S. Department of Agriculture-Agricul-
tural Research Service (USDA-ARS), Beltsville, MD
20705, and were usually the holotype or a paratype of
the species.

Glossary

Anchors. See hamuli.

Anterior adhesive area. Anterior attachment organs,
which are usually sessile or disklike and produce a
sticky adhesive substance that allows the worm to
cling to the host. (See Fig. 3, A and B.)

Bifurcation. A branching, such as the intestine at the
terminus of the esophagus, divided into two parts.
Buccal suckers. Paired muscular suckers opening lat-
erally into the buccal cavity of some polyopisthocoty-

leans. (See Fig. 2.)

Clamps. Haptoral sclerotized structures that are found
in many polyopisthocotyleans and consist of a frame-
work of sclerites, capable of grasping host gill tissue
between a pair of valves. The size, shape, arrange-
ment, number of clamp sclerites, and number of
clamps are of major taxonomic importance in differ-
entiating taxa. (See Fig. 4, Cand D.)

Dorsal marginal spines. Small spines of various shapes
arranged in rows along the dorsal body margin in
some capsalids. (See Figs. 12B and 13B.)

Genital atrium. A cavity, often muscular and contain-
ing distinctive spines, which receives the terminal
ducts of both the male and female reproductive sys-
tems. (See Figs. 1 and 2.)

Genital corona. Clusters or circles of spines within or
at the opening of the genital atrium. (See Figs. 47B
and 71B.)

Genito-intestinal canal. A small duct, found only in
polyopisthocotyleans, connecting the oviduct to the
right intestinal cecum.

Hamuli. The paired sclerotized hooklike structures of
the haptor. The hamuli are movable and attach the
parasite to the host. Much of the American literature

refers to these structures as anchors. (See Figs. 1 and
3,Cand D.)
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Figure 3
Undivided disklike haptors and glandular anterior adhesive areas: (A) glandular anterior
adhesive area; (B) anterior adhesive area with three pairs of head organs; (C) haptor with two
pairs of hamuli and a pair of accessory sclerites; (D) haptor with two pairs of hamuli, two
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transverse bars, and marginal hooks.

Haptor. The posterior attachment organ which usually
carries additional components such as marginal hooks,
hamuli, accessory sclerites, armed suckers, or clamps.
The structure and its hard parts are of major taxonomic
importance in differentiating the orders, families, and
genera. (See Figs. 1, 2,3, Cand D, 4, A-D.)

Haptoral appendix. A muscular extension of the
haptor having two terminal suckers and usually ha-
muli, characteristic of hexostomatids. (See Fig. 4A.)

Head organ. Groups of anterolateral postpharyngeal
glands that open via the head organs and produce a
sticky secretion that allows the anterior end of a
worm to adhere temporarily to the host while feed-
ing. (See Fig. 3, A and B.)

Intestinal ceca. The intestine, which can be a single
(=cecum) unbranched tube ending blindly (see Fig.
8), two (=ceca) unbranched or highly branched tubes
that may end blindly (see Fig. 9), or be posteriorly
confluent (see Fig. 16). Ceca are sometimes obscured
by extensive vitellaria (see Fig. 21).

Loculi. Haptoral depressions, usually limited by septa,
found in the capsalids and monocotylids. (See
Fig. 1.)

Male copulatory complex (apparatus). An often mus-
cular complex that may be armed with a sclerotized
stylet or other accessory structures. (See Fig. 82D.)

Marginal hooks. Radially arranged pairs of small hooks
on the margin of the larval haptor, which persist in
the adult haptor of many taxa, such as the gyrodacty-
lids and dactylogyrids. (See Fig. 3D.)

Oncomiracidium. The ciliated larval stage, which
hatches from the egg, typical of the Monogenea.

Opisthaptor. See haptor.

Oral sucker. A muscular sucker surrounding the
mouth of some Monogenea. (See Fig. 1.)

Pedunculate. Descriptive of a structure borne on a
stalk. (See Fig. 52.)

Peduncular bar. A sclerotized transverse bar, which is
usually pitted and found immediately anterior to the
haptor in some gyrodactylids. (See Fig. 34.)
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appendix

intestinal
cecum

sucker
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hamulus

intestinal
cecum

vitellaria

clamp

Figure 4
Representative polyopisthocotylean haptors: (A) haptor with appendix and three pairs of pedunculate
suckers, each containing a sclerite; (B) haptor with four pairs of sessile suckers, each containing

sclerites; (C) asymmetric haptor with multiple clamps; (D) symmetric haptor with multiple clamps.

Pharynx. A muscular pumping organ lying between
the mouth and esophagus that aids in ingestion of
food. (See Figs. 1 and 11, A and B.)

Preoral suckers. A pair of weakly muscular disklike
structures just anterior and lateral to the mouth. See
anterior adhesive organs above.(See Fig. 12A.)

Prohaptor. An obsolete term for the unarmed hold-
fast organ (anterior adhesive area) at the anterior
end of the body bearing suckers and glands or both.

The nature of this organ is of taxonomic value. (See
Fig. 3, A and B.)

Pseudohaptor. A functional posterior organ charac-
teristic of Pseudacanthocotyla, which is not derived
from the larval haptor but which develops just ante-
rior to it. (See Fig. 5.)

Pseudosucker. A weakly muscular, funnel-like structure
surrounding the mouth. It may contain glandular open-
ings around the margin as in Dasybatotrema. (See Fig. 24A.)



Ridge sclerites. Small sclerotized structures found in the
rims of loculi in some monocotylids. (See Fig. 26C.)
Sclerites. Sclerotized supporting structures associated
with hamuli, clamps, or suckers of the haptor (see
Fig. 3C and 4, A and B), vaginae, or male copulatory
complex.

Septa. Ridges that divide the haptor of capsalid and
monocotylid monogeneans into loculi. (See Fig. 1.)

Squamodisc. A circular or oval structure associated with
the haptor and consisting of concentric rows of small
spines characteristic of diplectanids. (See Fig. 36B.)

Suckers. Muscular attachment devices found prima-

Hendrix: Monogenea of the Eastern United States 7

rily on the haptor of polyopisthocotyleans. (See Fig.
4, A and B.)

Terminal lappet. A sclerite-bearing flap of tissue at
the posterior end of the haptor of some polyopistho-
cotyleans. (See Fig. 65C.)

Transverse supporting bar. Transverse sclerotized bars
associated or articulating with hamuli in many mono-
geneans, e.g. Dactylogyrida. (See Fig. 3D.)

Vitellaria. Usually extensive glands that produce nu-
trients for the development of the oncomiracidium
and proteins for the formation of eggshells. (See
Figs. 1 and 2.)
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Key to the Monogenea Parasitic on Marine Fishes
of the Eastern United States

1 Haptor well developed, undivided and disklike, with or without hamuli; haptoral suckers and
clamps absent; anterior adhesive area usually with glands opening via head organs, bilobed sessile,
or disklike areas (see Fig: 3, Aand B) : . cuivuvimni soniomiiniasas shusans smasime smus s 8888854800 2

1 Haptor divided, usually with 4 or more pairs of suckers or clamps, pedunculate or sessile, hamuli
present or absent; anterior region containing buccal suckers or weak oral sucker (see Figs. 2 and
A A=TDo)e s s in o 5s 2055 &R § 058 R R LG R SR TG R SRE R FER RS FE RS (Order Polyopisthocotylida) 39

2(1)  Posterior attachment organ a pseudohaptor with numerous radiating rows of spines, larval haptor
with 16 marginal hooks, undeveloped, at posterior margin of pseudohaptor. Parasitic on skates
(RAJIAACY) e 500 i o0 500505 5 w0 s b 7 210 (Family Acanthocotylidae) Pseudacanthocotyla verrilli (Fig. 5)

2(1)  Posterior attachment organ a haptor lacking radial rows of spines ................................ 3
3(2) Haptor distinctly muscular, disklike, with or without 1 or 2 pairs of hamuli and anterior sclerotized

accessory sclerites and lacking transverse supporting bars; anterior adhesive area disklike or
glandular (see Fig. 6)

Figure 5
Pseudacanthocotyla verrilli, ventral view.
Scale: 1 mm. Drawn from USNM 7175.
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4(3)

4(3)
5(4)

5(4)

6(5)
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Haptor a membranous disk, with 1 or 2 pairs of hamuli, each pair supported by a transverse bar;
anterior adhesive area glandular (see Fig. 7) . ... ... .. . 27

Intestine with unbranched cecum. Usually parasites of ectoparasitic copepods on fish gills, rarely

attached to gill tissue. ............. (Class Udonellidea, Family Udonellidae) Udonella caligorum (Fig. 8)
Intestine with 1 or 2 ceca, unbranched or diverticulate. Parasites of fishes and not crustacea .......... 5
Haptor disklike, with or without septa, hamuli usually present. . .......... ... ... ... .. ..., 6

Haptor small and muscular, lacking septa and hamuli. Parasitic on requiem sharks (Carcharhinidae).
................................................................ (Family Microbothriidae) 25

Intestine with 2 ceca with numerous diverticula. Usually parasitic on teleosts and, occasionally,
elasmobranchs. ... ... .. e (Family Capsalidae) 7

Figure 6
Muscular haptor with two pairs of ha-
muli and a pair of accessory sclerites.

Figure 7 Figure 8

Haptor with two pairs of hamuli, each supported by a transverse Udonella caligorum, ventral view.
bar, and marginal hooks. Scale: 0.5 mm. After Price (1938b).
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6(5)
7(6)
7(6)

8(7)
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Intestine with 1 or 2 unbranched ceca. Parasitic on elasmobranchs. . ...........
TS S 2. ittt

Testesmore than 2. . .. ... it ittt ittt ettt enennnnnns

................... 8

Haptor aseptate, with papillae in posterior half; anterior adhesive area sessile. Parasitic on the

roughtail stingray, Dasyatis centroura, and Atlantic halibut, Hippoglossus hippoglossus . . .

Entobdella spp. (Fig. 9)

Figure 9
Entobdella hippoglossi: (A)
ventral view. Scale: 2 mm;
(B) accessory sclerite. Scale:
0.25 mm; (C) anterior ha-
mulus. Scale: 0.25 mm; (D)
posterior hamulus. Scale:
0.2 mm. Drawn from USNM
8149.
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8(7)

9(7)

9(7)

Haptor aseptate, lacking papillae; anterior adhesive area disklike. Parasitic on the cownose ray,
Ruinoptera BONASUS: « s « s 5556 swm s a5 5 m s wis i5 80 assmsisesameisns

Pharynx constricted near middle (see Fig. 11A). . ... ... .. i

Pharynx not.constricted (see Fig. 1IB): «oione snanc somsmmnnns cmmssms smnosseens smessmss@as snss

B

@

R TRRIAY
D) (&

]
Figure 10

Benedeniella posterocolpa: (A) ventral view. Scale: 2 mm; (B) accessory sclerite. Scale: 0.5
mm; (C) anterior hamulus. Scale: 0.5 mm; (D) posterior hamulus. Scale: 0.2 mm. Drawn

from USNM 38146.

Figure 11
Pharynx shapes: (A) constricted; (B) not constricted.

11

Benedeniella posterocolpa (Fig. 10)

. 14
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10(9) Testes extend laterally to intestinal diverticula. . ..... ... .. .. .. .. . L 11
10(9) Testes confined to intracecal area; parasitic on tunas (Scombridae). . ........... ... ... .. ... .... 13
11(10) Ratio of disklike anterior adhesive area diameter to haptor diameter is 1:2; one pair of accessory

sclerites present in septate haptor. Parasitic on Istiophoridae and Scombridae.
.................................................................... Tristomella spp. (Fig. 12)

Figure 12
Tristomella laevis: (A) ventral view. Scale: 3 mm; (B) dorsal marginal spines; (C) hamulus. Scale: 0.55 mm. Drawn from
USNM 18874.
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11(10) Ratio of diameter of suckerlike anterior adhesive area to haptor diameter less than 1:3; hamuli and
SCLETILES ADSOIE: s ws =m0 5 0508 5o 00 4 5085 % 550 6 15 5 5 75 40 ) 1 50606 05 0 8 10 0 08 1 63 (185 5 8 0 5 46 5 5 10 28 46 00 o 6 0 3 0 w00 3 0 6 0 12

12(11) Ratio of diameter of anterior adhesive area to haptor diameter approximately 1:4. Parasitic on
ocean sunfish, Mola mola. . ........... . .. . . . . @ . Capsala martinierei (Fig. 13)

Figure 13
Capsala martinierei. (A) ventral view. Scale: 10 mm; (B) dorsal marginal spines. Drawn from USNM 41146,
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12(11) Ratio of diameter of anterior adhesive area to haptor diameter from 1:5 to 1:6. Parasitic on ocean
Tricotyla molae (Fig. 14)

sunfish

o
0
@
®

@

092‘} 0;

G
@09
%

%

Figure 14
Tricotyla molae. (A) ventral view. Scale: 3 mm; (B) dorsal marginal spines. Drawn from USNM 8152
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cola klawei (Fig. 15)

Nasi

13(10) Parasitic in nasal capsules of tunas (Scombridae) ..............

15

igure

Fi

(B) dorsal marginal spines. Drawn from USNM 59865.

3

Nasicola klawei: (A) ventral view. Scale: 2 mm;
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13(10) Parasitic on gills of little tunny, Futhynnus alletteratus. . . . ............... Caballerocotyla manteri (Fig. 16)

14(9) Haptor aseptate; anterior adhesive area with 2 shallow grooves. Parasitic on sturgeons, Acipenserspp.
..................................................................... Nitzschia spp. (Fig. 17)

14(9) Haptor septate; anterior adhesive area suckerlike or disklike. .......... ... ... .. ... ... .. oL 15

o o

® e s o
® e00 oo

Figure 16 ‘ Figure 17.
Caballerocotyla manteri: ventral view. Scale: 0.5 mm. Drawn from Nitzschia sturionis: ventral view. Scale: 3 mm.
USNM 37228. Drawn from USNM 73135.



Hendrix: Monogenea of the Eastern United States 17

15(14) Haptor with 7 marginal and 1 central loculi; dorsal marginal spines serrated or bifid. Parasitic on
swordfish, Xiphias gladius, and smooth hammerhead, Sphyrna zygaena. . . ......... Tristoma spp. (Fig. 18)

'..... ®ece®®e
s e L P

Figure 18
Tristoma coccineum: (A) ventral view. Scale: 2 mm; (B) dorsal marginal spines. Drawn from USNM 385645,
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15(14)

16(6)

16(6)
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Haptor with 9 marginal and 1 central loculi; dorsal marginal spines wider than long, with

numerous small cusps. Parasitic on white marlin, Tetrapturus albidus. . ......... Capsaloides spp. (Fig. 19)
Testes 2 Or MOTe, tANAEINL. . . . .\ttt et e e e ettt e e e e e e e e e 23
Testis 1.. Parasitic 0n elaSMODTANCIS: v u s s v s « o mis o s 56556 w55 o506 20 5 5w 55 565 (Family Monocotylidae) 17

Figure 19
Capsaloides cornutus: (A) ventral view. Scale: 1 mm; (B) dorsal marginal spine; (C)
hamulus. Scale: 0.01 mm. Drawn from USNM 35136.
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17(16) Haptor septate, with more than 20 loculi. Parasitic on lamniform sharks. .. Cathariotrema selachii (Fig. 20)

17(16) Haptor septate, with 20 or fewer loculi. Parasitic on rays (Dasyatidae) and skates (Rajidae)........... 18
18(17) ﬁaptor With 18 0r 20 10CULL. . . . oottt et et e e e e e 19
18(17) Haptor with fewer than 121oculi. ....... ... .. i i i 20
19(18) Haptor with 20 loculi, hamuli absent. Parasitic on skates, Rajaspp. ........ Empruthotrema raiae (Fig. 21)
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Figure 20 Figure 21
Cathariotrema selachii: (A) ventral view. Scale: 1 mm; (B) hamulus. Scale: 0.1 Empruthotrema raiae: ventral view. Scale:
mm. Drawn from USNM 35674. 0.3 mm. Drawn from USNM 35160.
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19(18) Haptor with 18 loculi and 1 pair of large distally recurved hamuli. Parasitic on the roughtail stingray
and little skate, Raja.erinacea. : ;= s:ssvioms smwssmassmssmesswiisssans Thaumatocotyle dasybatis (Fig. 22)

Figure 22
Thaumatocotyle dasybatis: (A) ventral view. Scale: 0.5 mm; (B) hamulus.
Scale: 0.1 mm. Drawn from USNM 35660.
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20(18) Haptor with 1 central and 10 peripheral loculi, the most posterior pair with 12 muscular papillae on
dorsal surface. Parasitic on the spotted eagle ray, Aetobatis narinari. . . . .. ... Papillicotyle floridana (Fig. 23)

20(18) Haptor with fewer than 11 loculi, papillae absent............... .. ... .. i i .. 21

M

Figure 23
Papillicotyle floridana: (A) ventral view. Scale: 0.5 mm; (B) hamulus. Scale: 0.025
mm. Drawn from USNM 49447,
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21(20) Haptor with 1 central and 7 peripheral loculi, with numerous marginal papillae on rim of haptor,
ridge sclerites or sinuous sclerotized ridge absent. Parasitic on the roughtail stingray.
............................................................. Dasybatotrema dasybatis (Fig. 24)

21(20) Haptor with 1 central and 8 peripheral loculi, marginal papillae absent, ridge sclerites or sinuous
SCIETOLZE! LIdZE PEESETIE. . » cciier e er 2 omii e o os e i it e o s 5 i 2 om0 2 e o o 22

Figure 24
Dasybatotrema dasybatis: (A) ventral view. Scale: 1 mm; (B) hamulus.
Scale: 0.1 mm. Drawn from USNM 35656.
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22(21) Haptor with sinuous sclerotized ridge on septa. Parasitic on the roughtail stingray and spiny dogfish,
SqUaAbs GEaMIRIAS: 3 5o s s 20656 w0 4 9755 085 8 05 855803 583 5516 WA < o0 5 5 8 5 0 Heterocotyle minima (Fig. 25)

Figure 25
Heterocotyle minima: (A) ventral view. Scale: 0.2 mm; (B) penis stylet.
Scale: 0.025 mm; (C) hamulus. Scale: 0.05 mm. Drawn from USNM
35651.



24 NOAA Technical Report NMFS 121

22(21) Haptor with numerous ridge sclerites on septa and rim. Parasitic on stingrays, Dasyatis spp.
Monocotyle spp. (Fig. 26)

Figure 26
Monocotyle diademalis: (A) ventral view. Scale: 0.5 mm; (B) hamulus. Scale:
0.05 mm; (C) ridge sclerites. Drawn from USNM 49349.
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23(16) Haptor septate; anterior adhesive area glandular with numerous ducts. Parasitic on remoras
(Echeneidae). ..... ... . Dionchus spp. (Fig. 27)

23(16) Haptor lacking septa; anterior adhesive area with few gland ducts. Parasitic on elasmobranchs.
..................................................................... (Family Loimoidae) 24

Figure 27
Dionchus agassizi: (A) ventral view. Scale: 0.5 mm; (B) hamulus.
Scale: 0.05 mm. Drawn from USNM 35676.
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24(23) Haptor with 14 muscular peduncles, each containing a marginal hook, cuticular ridges absent;

anterior adhesive area with 4 pairs of head organs. Parasitic on the bluntnose stingray, Dasyatis say.
Loimopapillosum dasyatis (Fig. 28)

Haptor lacking peduncles, cuticular ridges present on dorsal surface; anterior adhesive area

consisting of 2 or 4 small preoral suckers in a transverse row. Parasitic on requiem sharks
(Carcharhinidae)

24(23)

Loimos spp. (Fig. 29)
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Figure 28
Loimopapillosum dasyatis: ventral view.

Scale: 0.5 mm. Drawn from USNM Loimos salpinggoides: (A) ventral view. Scale: 0.5
38145.

mm; (B) hamulus. Drawn from USNM 35675.

Figure 29
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25(5)

25(5)

Testis 1, male copulatory apparatus unarmed. Parasitic on spiny dogfish and dusky sharks, Carcharhinus
OBSOUTIS:: 5 5510 w5 5 004 67536 7 51 806 0 5,8 08 516 0505 00 0 5 50 4 90 8 06 50 608 19 67006 5019 6 Microbothrium apiculatum (Fig. 30)

Testes 2 or more, male copulatory apparatus armed with spines

Figure 30
Microbothrium apiculatum: ventral
view. Scale: 1 mm. Drawn from
USNM 35684.
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26(25) Testes 2, opposite, male copulatory apparatus with 2 rows of about 25 long riblike spines in the
thicker anteroventral wall and 1 row of about 30 short straight spines on the posterodorsal wall.
Parasitic on requiem sharks (Carcharhinidae). ......................... Dermophthirius spp. (Fig. 31)

Figure 31
Dermophthirius carcharhini: ventral view. Scale: 0.5 mm. Drawn
from USNM 35687.



Hendrix: Monogenea of the Eastern United States 29

26(25) Testes several, male copulatory apparatus with a row of large simple recurved spines and several
rows of small straight spines on its ventral surface. Parasitic on lemon shark, Negaprion brevirostris.

.......................................................... Neodermophthirius harkemai (Fig. 32)

Figure 32
Neodermophthirius harkemai: ven-
tral view. Scale: 1 mm. Drawn
from USNM 37751.
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27(3)

27(3)

28(27)
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Viviparous (embryo may be visible in uterus); haptor with 16 marginal hooks and 1 pair of hamuli;
eyespots absent; vitellaria poorly developed. Parasitic on killifishes (Cyprinodontidae) and stickle-
backs (Gasterosteidae)........... ... ... i (Family Gyrodactylidae) 28

Oviparous; haptor with 14 marginal hooks and 2 pairs of hamuli; eyespots present; vitellaria
CXYCTISIVOS: & ays o0 5 @i ¥ 608 550505 5 050 4 S0 8 108 (660 08 513 5 400 7 o 40 16 50 s 80 500805 06 B a8 90 05 8 060 B 7 30

Haptor with deep transverse bar absent, lateral winglike processes present, pitted peduncular bar
present just anterior to haptor. Parasitic on Fundulusspp. . ..................... Swingleus sp. (Fig. 33)

Figure 33
Swingleus polyclithroides: ventral
view. Scale: 0.1 mm. Drawn from
USNM 72511.
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31

28(27) Haptor with deep transverse bar present, lateral winglike processes absent, peduncular bar present

OrabSent. . ....oviiiiiiiiii e e

29

29(28) Peduncular bar large, present on ventral surface just anterior to haptor. Parasitic on cyprinodonts.

Fundulotrema prolongis (Fig. 34)

29(28) Peduncular bar absent. Parasitic on cyprinodonts and sticklebacks. ... ... Gyrodactylus stephanus (Fig. 35)

30(27) Haptor with 3 transverse bars; posterior of body with spines. Parasitic on drums (Sciaenidae).

embryo

peduncular
bar

Figure 34
Fundulotrema prolongis: ventral view. Scale: 0.1 mm. Drawn
from USNM 49331.

(Family Diplectanidae) 31
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Figure 35
Gyrodactylus stephanus:
M ventral view. Scale: 0.1
mm. Drawn from USNM
49332.
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30(27) Haptor with 0, 1, or 2 transverse bars; posterior of body lacking spines. . .......................... 32

31(30) Haptor with dorsal and ventral squamodisks composed of scalelike spines; rows of accessory
hooklike spines on posterior of body absent. Parasitic on spotted seatrout, Cynoscion mnebulosus.
.............................................................. Diplectanum bilobatum (Fig. 36)

31(30) Haptor lacking squamodisks; bilateral patches or rows of accessory hooklike spines present on
posterior body. Parasitic on sciaenids.............. ... .. ... o o L Rhamnocercus spp. (Fig. 37)

Figure 37
Figure 36 Rhamnocercus bairdiella: ventral view.
Diplectanum bilobatum: (A) ventral view. Scale: 0.2 mm; (B) ventral Scale: 0.2 mm. Drawn from USNM

squamodisk. Scale: 0.05 mm. Drawn from USNM 39364. 49345,
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32(30) Haptor bilobed, with peduncles, transverse bars absent. Parasitic on Atlantic torpedo, Torpedo

WODIUEOANG = s o500 505 w5 55 505 50008 4545 6 75 150 08 46 6 5 0 8 3 € o 0 0 6 060 8 806 6 8 908 8 Amphibdella flavolineata (Fig. 38)
32(30) Haptor with 1 or 2 transverse bars. . ........ ... .. i i i i 33
33(32). Haptorwith | transVErSe DAL, . ..o wos s wm s iaimsnsn s mise s ioms s siamy oae s e e w s s aoam s ¥ios s win a5 w s 34
33(32) Haptor with 2 transverse bars. . ... ... . e 35

Figure 38
Amphibdella flavolineata: (A) ventral view. Scale: 1 mm; (B) hamulus.
Drawn from USNM 35159.
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34(33) Haptor broadly bilobed; eyespots present. Parasitic on smooth flounder, Pleuronectes putnami.
....................................................... Protancyrocephaloides liopsettae (Fig. 39)

Figure 39
Protancyrocephaloides liopsettae. (A) ventral view. Scale: 0.5 mm; (B) trans-
verse bar; (C) ventral hamulus; (D) dorsal hamulus. B-D scales: 0.05 mm.
Drawn from USNM 74609.
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34(33) Haptor entire; eyespots absent. Parasitic on spiny dogfish and Atlantic torpedo.
.......................................................... Amphibdelloides maccallumi (Fig. 40)

35(33) Haptor with radially arranged row of troughlike sclerotized supporting structures. Parasitic on
windowpane, Scophthalmus aquosus. .. .......... ...t Bothitrema bothi (Fig. 41)

35(33) Haptor lacking radially arranged sclerotized supporting structures. . ..................oouuvoun . 36

Figure 41
Bothitrema bothi: ventral view.
Scale: 0.5 mm. Drawn from
specimens collected from
windowpane, Scophthalmus
aquosus, off New Jersey.

Figure 40
Amphibdelloides maccallumi: (A) ventral view. Scale: 0.5 mm; (B)
ventral bar; (C) ventral hamulus; (D) dorsal hamulus. B-D
scales: 0.05 mm. Drawn from USNM 35700.
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36(35) Intestinal ceca not confluent posteriorly; body much broader than haptor; male copulatory appara-
tus contains a thin fishhook-shaped sclerotized penis with a thin elongate Y-shaped accessory piece.
Parasitic on Atlantic needlefish, Strongylura marina. . ................. ... Ancyrocephalus parvus (Fig. 42)

36(35) Intestinal ceca confluent posteriorly; body about as broad as haptor. .. ........................ ... 37

Figure 42
Ancyrocephalus parvus: (A) ventral view. Scale: 0.2 mm; (B) hamuli and transverse bars. Scale:
0.025 mm. Drawn from USNM 8143.
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37(36) Haptor dorsal transverse bar with knobbed lateral extremities; penis sclerotized, tubular, straight,
with spiral thread and Y-shaped accessory piece. Parasitic on white perch, Morone americana.
................................................................. Onchocleidus nactus (Fig. 43)

37(36) Haptor dorsal transverse bar without lateral knobs; penis tube curved, without spiral thread.......... 38

B _

Figure 43
Onchocleidus nactus: (A) ventral view. Scale: 0.05 mm; (B) dorsal hamulus; (C) ventral hamulus;

t)

(D) dorsal bar; (E) ventral bar. B-D scales: 0.02 mm. Drawn from USNM 73744,
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38(37) Haptor ventral transverse bar bifid laterally, lacking prominent sculpturing. Parasitic on Atlantic
spadefish, Chaetodipterus faber.. ... ... ... ... ... ... .. ... ...... Pseudohaliotrema longiphallus (Fig. 44)

|
L1
o
L1
A

Pseudohaliotrema longiphallus: (A) ventral view. Scale: 0.2 mm; (B) ven-
tral hamulus; (C) ventral transverse bar; (D) dorsal transverse bar. B-D
scales: 0.025 mm. Drawn from USNM 36959.
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38(37) Haptor ventral transverse bar rounded laterally, with prominent medial sculpturing. Parasitic on
striped mullet, Mugil cephalus. ................ .. ... ... ... ... ....... Haliotrema vanbeneden: (Fig. 45)

39(1) Haptor with 4 or more clamps, posterior haptoral appendix present or absent; anterior adhesive
areédd PAIT OFf DUCCAl SUCKETS. . - - ovv o s o vieweie wior e o oo oo sis e esimrs isinie o im ot e e v e s s st o a1 7 5 1o 0 oo 44

39(1) Haptor with 3 pairs of suckers, each having a curved hooklike sclerite; posterior haptoral appendix
present; anterior adhesive area an oral sucker or shallow muscular grooves. ....................... 40

® ge®°

Figure 45
Haliotrema vanbenedeni: (A) dorsal view. Scale: 0.2 mm; (B) hamuli and transverse bars. Scale: 0.05
mm. Drawn from USNM 49342.
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40(39) Haptoral appendix armed with 3 pairs of sclerites and 1 pair of small suckers; mouth flanked<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>