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Il. INTRODUCTION AND HISTORICAL 

REVIEW 

The major objective of this study was to 
investigate the cercarial fauna in marine 
mollusks from the littoral zone and shallow 
waters of Apalachee Bay, Gulf of Mexico. 
The following general outline of the trema- 
tode life cycle indicates the role of cercariae: 

Adult digenetic trematodes are common 
parasites of vertebrates. Most species live 
in the digestive tract or its appended organs 
but others are found in various systems of 
the host. The adult worm produces eggs 
which escape from the host. A larva, the 
miracidium, develops within the egg and 
ultimately gains access to an intermediate 
host which is usually a mollusk or very 
rarely an annelid. Within this host larval 
multiplication occurs by polyembryony and 
is almost always enhanced by the intermedi- 
ate generations of germinal sacs known as 
sporocysts and rediae. These sacs produce 
cercariae, each of which develops into an 
adult trematode upon reaching the verte- 
brate host by one of several ways, either 
directly or indirectly. Usually, cercariae 
emerge from the intermediate host to live 
free for a short time and can be obtained 
by isolating the host as was done to study 
most of the species reported here. Some 
cercariae, however, remain in the mollusk 
to be eaten with it by the definitive host 
and, in order to study these forms, it is 
necessary to dissect the mollusk to recover 
them. 

The study of marine cercariae has lagged 
behind that of their adults. Furthermore, 
descriptions of many marine cercariae are 
inadequate for purposes of comparison. It 
is recommended that the features of cercarial 
morphology, behavior, reactions to vital dyes 
and germinal sac morphology be recorded 
in all future descriptions of cercariae to fa- 
cilitate comparisons. Prior to the present 

study, cercariae have been separated pri- 
marily by comparative morphology, and 
many closely related forms are difficult to 
separate on this basis alone. The present 
study has shown that features of behavior, 
reaction to dyes and germinal sac morphol- 
ogy are relatively constant for a given spe- 
cies, and differ sufficiently between species 
to be of systematic value. 

Because research on marine cercariae has 
been done mostly near marine laboratories, 
great areas of continental coastlines remain 
unexplored. The present study is the most 
extensive investigation of its kind from the 
Gulf of Mexico. A similar study is that of 
Cable (1956a) for Puerto Rico. 

Life history studies have shown that mor- 
phologically dissimilar cercariae may be 
closely related within a single family. There- 
fore, the obvious solution to a natural sys- 
tem of classification of cercariae lies not 
only in the study of comparative morphol- 
ogy but in the elucidation of the life cycles 
of larvae, particularly in families whose 
taxonomic position is uncertain. 

A secondary objective of this study was 
to provide information on local marine cer- 
cariae that would be of value in future life 
history investigations. That the basis of 
classification of digenetic trematodes should 
be founded on life history studies and em- 
bryonic development has been supported by 
the work of LaRue (1938, 1957), Stunkard 

(1940, 1953b), Hussey (1941, 1943), 
Kuntz (1950, 1951, 1952), Cable (1956a) 
and others. 

While surveying the literature of marine 
cercariae of the world, the need for a key 
to these larvae became increasingly appar- 
ent. The latter part of this volume is an 
attempt to fulfill this need, using LaRue’s 
(1957) scheme of classification as a_ basis 
for a key to Superfamilies. An attempt has 
been made to accumulate a complete bibli- 

' This study was submitted to the Graduate School of The Florida State University in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
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ography on marine cercariae of the world 
through December, 1959. 

The first description of a cercaria was 
published by Swammerdam in 1773 from 
the fresh water snail, Paludina vivipara. In 
1773, Otto F. Miller first used the term 
Cercaria as a generic name for tailed micro- 
scopic animals. He placed them in the In- 
fusoria and described the first marine spe- 
cies, Cercaria inquieta, a biocellate form 
found in a plankton sample. The second, 
Cercaria setifera, was described by Johannes 
Muller (1850). This trichocercous larva 
has probably been the most completely in- 
vestigated marine cercaria; over 15 other 
names have been considered as synonyms 
by various authors. 

Diesing (1855) published a revision of 
cercariae known at that time, and described 
5 new marine species. He recognized 9 
genera and 20 species, and regarded these 
forms as zoologically distinct and free living 
but corrected that mistake in 1858 when he 
recognized cercariae as trematode larvae. 

An extensive but artificial system of 
classification of cercariae was proposed by 
Luhe (1909). He used external morpho- 
logical characteristics, such as stylets, col- 
lars, spines and caudal form as his basis of 
taxonomy. He introduced many new de- 
scriptive terms for “groups” or “types” of 
cercariae (e.g., trichocercous, microcercous, 
cystocercous, leptocercous). Lithe pointed 
out that the cercariae of closely related 
forms show a very striking similarity of 
structure. Consequently, he believed that 
his classification of cercariae would be cor- 
related with the taxonomy of adults. The 
morphological terms introduced by Lihe, 
although of less taxonomic importance than 
he assumed, are still useful as descriptive 
terms. 

Lebour (1911) advocated a “natural” 
scheme of classification of cercariae sepa- 
rating them into two groups based on the 
type of germinal sacs (rediae or sporocysts) 
in which they develop. Within each group 
she proposed smaller groups of apparently 
related forms based on morphological char- 
acteristics. Her system is no longer accepted 
because allocreadioids, opisthorchioids and 
other groups are known to develop in both 
sporocysts and rediae. 

The major contributions to morphology 
and taxonomy of marine cercariae in the 
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twentieth century have been the studies of 
Lebour (1904-1923) and Rothschild (1935- 
1941) in England and Scotland; Palombi 
(1924-1942), primarily in the Gulf of 
Naples; H. M. Miller (1925-1930) at Puget 
Sound, Washington, and Dry Tortugas, 
Florida; Martin (1938-1956) at Wood's 
Hole, Massachusetts, and the California 
coast; Cable (1934-1956) at Wood’s Hole, 
Massachusetts, and Puerto Rico; and the in- 
vestigations of Stunkard (1929-1959) at 
Wood's Hole, Massachusetts, and at Roscoff, 
France. 

The cercariae in the present work are ar- 
ranged in categories corresponding to fam- 
ilies or superfamilies. Allocation has been 
based on a comparison with cercariae whose 
life cycles are known. Family and super- 
family names are used to designate cercarial 
types. For example, the larvae known to 
belong to the Microphallidae will be re- 
ferred to as microphallids, and those in the 
Opisthorchioidea as opisthorchioids. The 
morphological terms introduced by Luhe 
(1909), Sewell (1922), and others will be 
used occasionally in a descriptive sense (e.g., 
cystophorous hemiuroid, pleurolophocercous 
heterophyid ). 

Although the term Cercaria was intro- 
duced as a generic name, it obviously en- 
compasses a much larger category than that 
of a genus. The term is, however, a con- 
venient group name for larvae whose rela- 
tionships to adult trematodes are unknown, 
and it is used in this manner herein. 

The author wishes to express gratitude to 
Dr. Robert B. Short of Florida State Uni- 
versity under whose direction this study was 
done, and to Drs. George R. LaRue, Ray- 
mond M. Cable, and Franklin Sogandares- 
Bernal for reading the manuscript and for 
many helpful suggestions. 

Ill. MATERIALS AND METHODS 

The mollusks examined were collected 
along the coast of Apalachee Bay, Gulf of 
Mexico, from St. Marks lighthouse to St. 
Teresa, Florida, with the exception of three 

lots obtained at the jetties at Panama City, 
Florida. A total of 69 collections were 
made from the Apalachee Bay area from 
September 1956 to September 1959. 

Mollusks were taken by hand from salt 
marshes and the littoral zone, and from 
deeper waters with a beam dredge operated 
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from a small boat. Identification was based 
on Abbott’s (1954) American Seashells. 

In the laboratory, mollusks were isolated 
individually in a small quantity of filtered 
sea water for 24 hours at room temperature 
23°-24° C.). At the end of that period, 
the water was examined with a stereomicro- 
scope. If no cercariae were observed, the 
water was replaced and if no cercariae 
emerged during a second 24 hour period, 
the mollusk was generally considered nega- 
tive for cercarial infections and was dis- 
carded. If, however, a large number of 
mollusks from a single collection appeared 
negative after two examinations, some of 
these individuals were crushed and examined. 

It was found that cercariae would emerge 
from Cerithidea scalariformis Say, an oper- 
culate, prosobranch snail of salt marshes 
adapted to fairly warm water, if that host 
was first dried on blotting paper for a few 
hours and then isolated in sea water at 30° 
TOC: 

Cercariae which had emerged from a 
mollusk were transferred to an embryological 
watch glass with a micro-pipette to study 
swimming habits, tropisms and longevity. 
In a few instances where cercariae did not 
emerge spontaneously, they were found by 
dissection of the host. Unless otherwise 
stated descriptions are based on cercariae 
that emerged naturally. 

For microscopic study, cercariae were 
transferred in a drop of sea water to a slide 
and a No. 1 coverslip was added. Coverslip 
pressure was controlled by addition of sea 
water to the edge of the coverslip or by 
absorption of water with blotting paper. 
Numerous preparations of material of each 
species were examined during the course of 
making the preliminary drawings. Particu- 
lar effort was made to discern the excretory 
tubules and flame cell formulae. 

Neutral red and Nile blue sulfate were 
used as vital dyes at a concentration of 0.5% 
in sea water. Cercariae in a drop of sea 
water were added to a drop of the dye in 
a watch glass and their reactions were re- 
corded. 

After each cercaria was studied, its host 
was crushed and the sporocysts or rediae 
were examined and drawn. The average 
number of cercarial embryos per germinal 
sac was determined by counting the em- 
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bryos from 20 sporocysts or rediae ruptured 
by coverslip pressure. 

Measurements were made on preserved 
material which had been fixed according to 
the method of Talbot (1936): Living cer- 
cariae, in 200 ml. of sea water, were dashed 
into 200 ml. of steaming 10% formalin. 
Rediae and sporocysts were fixed in the 
same manner. Cercariae thus fixed were 
killed in a relaxed and extended position 
and were rather uniform in shape and size. 

Measurements were made on 20 cercariae 
and 20 germinal sacs of each species and a 
maximum, minimum and average for each 
feature is recorded in the descriptions, the 
average being in parentheses. All measure- 
ments are in millimeters. 

All preliminary drawings were made free 

hand from living material under an oil im- 

mersion objective. Final drawings, except 

for habit sketches, were made to scale using 

preliminary sketches and average measure- 

ments. 

IV. RESULTS 

Over 200 species of mollusks are known 

from both littoral and deep waters of Apa- 

lachee Bay. A total of 16,577 mollusks were 

examined, representing 29 species. Seven 

of 19 species of gastropods and 4 of 10 

species of pelecypods were infected with 

larval trematodes. Cercariae belonging to 

31 species were found, 21 in gastropods, 

and 10 in pelecypods. Twenty-eight of 

these cercariae were studied in detail. Of 
these cercariae, 24 are described as new and 

four previously known forms are redescribed. 
Trematode larvae were found in 2622 in- 
dividual mollusks, an incidence of infection 

of 15.2%. 

Each of the following descriptions con- 

tains a general diagnosis of the group where 

known, a telegraphic description of the spe- 

cies, a description of larval behavior, and a 

discussion of affinities including a compari- 

son of the larva with its most closely related 

form. 

A. Cyathocotylid Cercaria 

One cercaria in the family Cyathocotylidae 

is reported here as a new species. The gen- 

eral characteristics of cercariae from this 

family, as given by Cable (1956a), are: 

Furcocercous cercariae developing in 

elongate sporocysts in fresh water and ma- 

rine gastropods. Oral sucker, pharynx and 



6 Tulane Studies in Zoolog 

ceca well developed, ventral sucker a pri- 
mordium or lacking. Tail longifurcate with 
long, slender stem. Tail stem with long 
setae, furcal fins present or absent. Tail at- 
tached dorsally near posterior end of body. 
Larva rests suspended in water with the tail 
stem flexed near its middle. Body ventrally 
concave, covered with spines. Papillae and 
bristles present. Eyespots absent. Excretory 
system diagnostic for the family. The thin 
walled excretory vesicle gives rise to 4 tu- 
bules, a median pair and a lateral pair. The 
median pair converge to form a single tu- 
bule which connects, in the anterior region 
of the body, with the lateral tubules by 
means of a cross commissure. Posterior to 
its junction with the lateral tubules, a recur- 
rent collecting tubule joins each lateral tu- 
bule and extends posteriorly a short distance 
to receive an anterior and posterior col- 
lecting tubule, each with typically 3 groups 
of flame cells, although other flame cell 
patterns have been described. Posterior 
flame cell group on each side almost always 
in the tail stem. Encyst in fishes or, rarely, 
in the molluscan host. 

Cercarta leight, sp. nov. 

(Figures 1-G) 

Description: body 0.204-0.219 (0.213) 
long, 0.092-0.099 (0.094) wide at maxi- 
mum width posterior to midbody. Tail stem 
0.296-0.311 (0.305) long, 0.036-0.041 
(0.037) wide at base. Furcae 0.209-0.230 
(0.221) long, 0.026-0.031 (0.027) wide at 
base. Dorso-ventral finfolds on furcae, with 
maximum width of 0.012, extending dorsal- 
ly and ventrally entire length of furcae and 
projecting about 0.010 beyond tip. Furcal 
fins with fine striae and marginal papillae 
with minute bristles, 6 papillae dorsally and 
6 ventrally. Tail stem with diagonal and 
transverse muscle fibers and scattered nuclei. 
Surface of tail stem with numerous bristles. 
Furcae filled with conspicuous vacuolated 
parenchyma. Body covered with very fine 
spines and scattered bristles, shorter than 
those on tail stem. Cephalic region sur- 
rounding mouth with short and long bristles, 
and anterior half of oral sucker with con- 
centric rows of spines slightly heavier than 
those elsewhere. Oral sucker resembling 
protrusible cephalic organ with weak suck- 
ing capacity, 0.045-0.051 (0.049) long, 
0.029-0.030 (0.029) wide in maximum 

Vol. 9 

width; mouth terminal. Fourteen pene- 
tration glands found in oral sucker whose 
ducts open around circumference near mid- 
level of sucker. An additional set of 4 pene- 
tration glands imbedded deeply within 
sucker, their ducts opening symmetrically 
around mouth. Prepharynx short; pharynx 
0.018 in diameter. Esophagus short, ceca 
wide, sinuous and empty. Numerous cys- 
togenous glands opening on body surface 
in anterior third of body. Granular cysto- 
genous glands, irregular in shape, scattered 
throughout body. Two primordia evident, 
anterior to excretory bladder in posterior 
half of body; smaller anterior mass probably 
representing developing acetabulum, larger 
posterior mass representing the developing 
tribocytic organ or reproductive system. 
Medial excretory tubules encompassing both 
primordia and converging just anterior to 
smaller one. Minute excretory concretions 
found in single medial tubule, cross com- 
missure, in anterior ends of lateral tubules 
and in bifurcated projections of lateral 
tubules anterior to junction with cross com- 
missure. Excretory bladder with island of 
Cort. Caudal excretory tubule supported in 
tail stem by transverse fibers, bifurcating 
and discharging through pores at tips of 
furcae. Excretory formula 2{(313713) + 

(31373) } = 36; the last group of 3 flame 
cells on each side widely separated in an- 
terior 2/3 of tail stem. Development in 
elongate, motile, cream-colored sporocysts 
with prominent circular muscle bands giv- 
ing sporocyst a segmented annelid-like ap- 
pearance. Ninety-two sporocysts counted 
from branchial region of one host. Sporo- 
cyst 1.995-2.610 (2.361) long, 0.210-0.270 
(0.249) wide. Anterior end more pointed, 
surrounded by minute bristles, birth pore 
subterminal. Thirty-five to 24 embryos per 
sporocyst: in all stages of development. 
Flame cells very numerous, grouped in each 
circular muscular band of body. 

Host: Cerithidea scalariformis Say. 
Incidence of infection: One of 5,508 

snails. 
Locality: Salt marsh, St. Marks Light, 

Wakulla County, Florida. 
This cercaria is named in honor of Dr. 

W. Henry Leigh, who introduced the author 
to the discipline of helminthology. 

Cercariae of this species emerged at any 
time provided the infected snail had been 
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Figures 1-6. 1. Cercaria leighi, sp. nov., ventral view showing details of body and tail. 
2. Same, cercarial body, ventral view, showing details of excretory system, digestive sys- 
tem and primordia. 3. Same, ventral view of cephalic organ showing penetration glands 
and ducts. 4. Same, swimming posture. 5. Same, creeping posture. 6. Same, sporocyst. 
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dried prior to isolation. No phototropisms 
were observed. Cercariae are strong, ener- 
getic swimmers starting with a dash over 
an erratic path followed by a rest period. 
They swim in response to a light tap on the 
wall of the vessel. At rest, they are sus- 
pended, body downward at various levels in 
the water, with the tail stem flexed laterally 
at an angle of about 120° with the body 
and the furcae widely spread. After about 
10 hours of swimming and rest periods, this 
larva settles to the bottom where creeping 
movement was observed for a period of 
about 14 hours. The life span of this cer- 
caria is about 24 hours following emergence. 

Neutral red is highly toxic, stimulating 
the release of penetration gland secretions 
and cystogenous fluids. The ceca are filled 
with a concentration of this stain and are 
readily visible. Nile blue sulfate, not as 
toxic as neutral red, stains the contents of 
the penetration glands and cystogenous 
glands readily. 

This cercaria is most closely related to C. 
caribbea LI Cable, 1956, but differs from it 
in the shape of the oral sucker, presence of 
concretions in the excretory tubules, rela- 
tive positions of flame cells in the tail stem, 
extent of the furcal finfold, point of con- 
vergence of the medial excretory tubules, 
extent of the cystogenous glands, host, and 
other less apparent features. 

B. Schistosome Cercarta 

A single new cercaria of the family Schis- 
tosomatidae was found. Its larval type is 
characterized by the fololwing general diag- 
nosis: 

Apharyngeate, distome cercariae with oral 
sucker replaced by a protrusible cephalic 
organ. Six pairs of penetration glands, one 
pair being exhausted in the escape from the 
sporocyst. Pigmented eyespots present or 
absent. Development in simple sporocysts 
in gastropods. Cercariae penetrating into 
final host and living as adults in the blood 
vascular system. Parasites of birds and 
mammals. 

Cercaria of Austrobilharzia pennert 
Short and Holliman, 1961 

(Figures 7-10) 
Description: body 0.209-0.250 (0.232) 

long, 0.071-0.102 (0.087) wide at midbody. 
Tail stem, measured from body-tail junction 
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to base of furcae on lateral surface of stem, 
0.179-0.240 (0.215) long, 0.031-0.051 
(0.041) wide at base. Stem and furcae 
filled with small vacuolated parenchyma and 
minute, scattered refractile granules. Body 
and entire tail covered with spines, those on 
tail coarser. Papillae and bristles on body 
and penetration organ; papillae on anterior 
tip of organ with bristles mounted on mi- 
nute nipples. Penetration organ pyriform, 
0.078-0.098 (0.086) long, 0.046-0.063 
(0.052) wide at widest point, with distinct 
longitudinal and circular muscles and three 
indistinct granular glands (?), one elongate 
and medial, other two reniform to oval, and 
lateral. Mouth minute, ventral, subterminal; 
esophagus narrow; ceca short, terminating 
anterior to acetabulum. Cecal contents 
staining well with neutral red. Acetabulum 
0.023-0.029 (0.024) long, 0.027-0.033 
(0.030) wide, located just posterior to mid- 
body. Six large, overlapping, granular pene- 
tration glands on each side extending from 
level just posterior to eyespots almost to 
excretory bladder. First gland (escape 
gland) anterior and ventral, visible only in 
cercariae dissected from sporocysts; next two 
glands finely granular; posterior 3 more 
coarsely granular. Single bundle of gland 
ducts on each side extending medially to 
eyespots; then anteriorly to terminal eversi- 
ble depression, here ducts discharging 
through individual pores arranged in cres- 
cent. Margin of anterior depression ringed 
with approximately 11 indistinct spines di- 
rected anteriorly. Additional penetration 
(?) glands consisting of an undetermined 
number of poorly defined cells on each side, 
with ducts extending forward lateral to eye- 
spots and appearing to open dorsally on 
cephalic organ. Right and left halves of 
excretory bladder separate, each half giving 
rise tO posterior excretory duct; these con- 

verging at junction of body and tail stem, 
forming single duct extending through tail 
stem. Island of Cort absent. Caudal ex- 
cretory duct bifurcating at furcal junction 
and discharging at tips of furcae. Main ex- 
cretory tubule, on each side of body, short, 

receiving long anterior collecting tubule and 
extremely short posterior one. Flame cell 
formula; 2[ (tel sel) aaah iste) a2 
with one pair of flame cells in base of tail. 
Flame cell activity increased by addition of 
neutral red. Eyespots circular, 0.008 in di- 
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Figures 7-10. 7. Cerearia of Austrobilharzia penneri Short and Holliman, 1961, ventral 
view, showing details of body and tail. 8. Same, ventral view of cercarial body showing 
small penetration glands and ducts on left side only, and large glands and ducts on right 
only. 9. Same, ventral view of cephalic end showing details of penetration organ, 10. 
Same, sporocyst. 
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ameter, each composed of small, spherical, 
brown granules. Cephalic ganglia readily 
stained with Nile blue sulfate and neutral 
red. Cross commissure dorsal to gut and 
penetration gland ducts and anterior to eye- 
spots. Development in cream-colored, oval 
to cigar-shaped sporocysts in liver of snail. 
Sporocyst 0.357-1.29 (0.832) long, 0.180- 
0.300 (0.230) wide. Sporocyst wall com- 
posed of small spherical cells surrounded by 
granular paletot; birth pore terminal. Eight 
to 50 embryos per sporocyst in various 
stages of development. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 24 of 10,510 

snails. 
Locality: Salt marsh, Shell Point, Wakulla 

County, Florida. 
This cercaria is the larval form of Azstro- 

bilharzia penneri Short and Holliman, 1961, 
adults of which were recovered from experi- 
mentally infected chicks, parakeets and pi- 
geons (Short and Holliman, 1961). 

The cercaria swims tail first with a rapid 
vibration of the tail, and comes to rest on 
the surface of the water, dorsal side up, 
with tail stem held relatively straight. It 
has a life span at room temperature of about 
36 hours. Cercariae emerged at any time 
after the snail had been dried for a few 
hours on blotting paper. No phototropisms 
were observed. Nile blue sulfate is toxic 
and neutral red slightly toxic. 

This cercaria can cause a severe derma- 
titis in man, as the author demonstrated. 
Cercariae, transferred to the skin of the 
forearm and abdomen in a water film by 
a wire loop, penetrated within 5 minutes, 
as the water evaporated. Cercariae likewise 
penetrated from a vessel of seawater taped 
to the medial surface of the upper arm. 
Here again, penetration was apparently ac- 
complished in about 5 minutes accompanied 
by another 5 minutes of severe itching. 
Formation of papules at sites of penetration 
was noticeable about 3 hours after exposure. 
About 48 hours was required for maximum 
dermatitis to develop. Papules remained, 
accompanied by itching, for a week, and 
were still visible at the end of 2 weeks. 

The cercariae of 4 species of Awstrobil- 
harzia are known: Austrobilharzia varig- 
landis (Miller and Northup, 1926) Penner, 
1953; Austrobilharzia terrigalensis Johnston, 
1917, as described by Bearup (1956); C. 
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littorinalinae Penner, 1950; and probably 
C. caribbea XLIX Cable, 1956. Cercaria 
penneri is most closely related to C. varig- 
landis, but differs from it in the relative 
size of cuticular spines, presence of cephalic 
spines, position of the tail when at rest on 
the surface film, and possibly in the form 
of the main excretory bladder ducts and 
bladder. C. variglandis, as illustrated by 
Stunkard and Hinchliffe (1950), has spines 
of uniform size covering the body and tail, 
with no cephalic spines around the openings 
of the ducts of the penetration glands. That 
species also rests on the surface film but the 
tail curves anteriad beside the body; further- 
more, the main excretory ducts in the caudal 
end of the body are in contact; they separate 
in the base of the tail and then fuse to form 
a single caudal excretory tubule. Small, dif- 
fuse penetration glands were not reported in 
this cercaria. 

C. Aporocotylid Cercariae 

Cercariae of the family Aporocotylidae 
were found. Marine larvae of that group 
have the following general diagnosis: 

Apharyngeate, non-ocellate, brevifurcate 
cercariae developing in marine lamelli- 
branchs and annelids. The tail is variously 
modified with symmetrical or asymmetrical 
furcae, no furcae, or reduced to a small 
pointed structure. Finfold present or absent 
on the dorsal body surface and on the furcae. 
Cephalic organ reduced or lacking; pene- 
tration gland ducts discharge through pores 
On spinous anterior end of body. Acetabu- 
lum absent except in C. hartmanae Martin, 
1952. Cercariae penetrate the definitive 
host and develop to adult worms in the 
blood vascular system or rarely in the coelom 
of fishes. 

Cercaria asymmvetrica sp. Nov. 

(Figures 11-14) 

Description: body 0.092-0.121 (0.112) 
long, 0.025-0.032 (0.027) in maximum 
width posterior to midbody. Tail stem 
0.219-0.265 (0.247) long, 0.020-0.028 
(0.023) in maximum width. Right furca 
0.033 long; left furca 0.010 long. Body 
with plicated, dorsal finfold, 0.090 long 
and 0.008 wide. Anterior tip of body en- 
circled with parallel rows of minute spines; 
cuticle of body and tail smooth with ex- 
ception of a row of 22-24 groups of retrorse 
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11. Cercaria asymmetrica, sp. nov., ventral view showing details of body 
me, lateral view showing arrangement of ventrolateral row of body spines. 

, ventral view of cercarial body. 14. Same, sporocyst. 

Figures 11-14. 
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spines, 3 or 4 spines per group, extending 
most of length of each ventrolateral surface 
of body; spines in each group diverging 
from bases set close together. Body filled 
with granular cells making observation of 
internal structure difficult. Apparently four 
overlapping, granular penetration glands on 
right side and three on left side of midbody, 
with ducts opening at base of protrusible 
cephalic papilla terminal in position. Mouth 
subterminal, ventral; esophagus narrow, 
slightly sinuous, joining small, sac-shaped 
cecum located just posterior to midbody. 
Excretory bladder small, spherical. Main 
excretory tubules short, each receiving short 
anterior and posterior collecting tubule. 
Flame cell formula 2 (1+1) =4. Caudal 
excretory duct extending through tail stem, 
bifurcating into furcae and discharging 
through minute vesicle at tip of each furca. 
Tail stem and furcae filled with vacuolated 
parenchyma and scattered nuclei, stem with 
oblique muscles giving stem spiral appear- 
ance. Development in minute, whitish, 
granular sporocysts in gonad of host. Sporo- 
cysts spherical to slightly oval, 0.087-0.128 
(0.113) in diameter, each containing 4 to 
8 embryos in various stages of development; 
birth pore not observed. 

Host: Donax variabilis Say 
Incidence of infection: 8 of 1,763 clams. 
Locality: Gulf Beach, Alligator Point, 

Franklin County, Florida. 
The specific name of this cercaria re- 

fers to its asymmetrical tail. 
Spontaneous emergence of this cercaria 

from only 2 of the 8 clams was observed; 
the other 6 were diagnosed by microscopic 
examination of smears from the gonads, 
without which it was difficult to detect the 
presence of the parasite. Donax variabilis 
is a dioecious species in which the testes 
are cream colored and the ovaries pink. Be- 
cause sporocysts of this cercaria are cream 
colored and minute, their presence may be 
overlooked in the normal male gonad or in 
the ovary of the heavily infected female. 
Studies of varying degrees of parasitism in 
both male and female Donax suggest that 
the clam may be castrated by the infection. 

Exposure of infected clams to alternating 
periods of dark and light, and others to 
constant light, failed to stimulate emergence 
of cercariae. Such a stimulus may be con- 
cerned with tidal fluctuations, water tem- 
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perature, currents, or other phenomena 
which are difficult to duplicate in the labo- 
ratory. 

This cercaria swims with a rapid vibratory 
motion followed by a rest period during 
which it slowly sinks, with the body flexed 
ventrally, the tail stem straight and at a 
right angle to the body axis, and the furcae 
together. The body is capable of extension 
and contraction, during which time the cep- 
halic papilla is protruded and retracted. The 
life span is about 12 hours. No _ photo- 
tropisms were observed. Neutral red stains 
the penetration glands and nuclei in the 
tail and is relatively non-toxic. Nile blue 
sulfate also stains the penetration glands 
and is toxic. 

Cercaria asymmetrica does not closely re- 
semble any of the other 4 reported species 
of marine aporocotylid larvae. The furcae 
are considerably more asymmetrical than in 
C. loosst as reported by Stunkard (1929). 
Ventro-lateral rows of spines on the body 
were reported by Martin (1944a) for C. 
solemyae, but that species has 5 pairs of 
penetration glands and its tail is reduced 
to a small, pointed structure. 

Cercarta cristulata sp. nov. 

(Figures 15-20) 

Description: body 0.240-0.275 (0.260) 
long, 0.028-0.036 (0.033) wide at midbody. 
Tail stem 0.265-0.316 (0.297) long, 0.029- 
0.035 (0.032) in maximum width. Furcae 
0.063-0.075 (0.068) long, 0.012-0.015 
(0.014) wide at base. Plicated furcal fin- 
fold extending along entire medial and lat- 
eral surfaces of furcae and appreciably onto 
tail stem; lateral portion of finfold 0.085- 
0.098 (0.093) long, 0.007 in maximum 
width at about middle of furca. Dorsal fin- 
fold of body plicated, 0.107-0.133 (0.120) 
long, 0.025-0.029 (0.026) wide at widest 
point. Anterior tip of body protrusible, en- 
circled with parallel rows of minute spines. 
Longitudinal row of about 94 spines on 
each ventro-lateral surface of body. Re- 
mainder of body smooth. Tail stem and 
furcae with minute spines. Body filled with 
large granular cells, making observation of 
excretory system and penetration glands dif- 
ficult. Mouth terminal; esophagus narrow, 
slightly sinuous, bifurcating into short, wide 
ceca at midbody. Penetration glands located 
just posterior to midbody in 4 pairs, 2 lat- 
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Figures 15-20. 15. Cercaria cristulata, sp. nov., dorsal view showing details of body and 
tail. 16. Same, lateral view with ventrolateral row of spines represented by dotted line. 
17. Same, dorsal view of cercarial body showing arrangement of penetration glands. 18. 
Same, longitudinal section through cuticle showing arrangement of spines in ventrolateral 
rows. 19. Same, surficial view of single spine from row. 20. Same, sporocyst. 
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eral, one dorsal and one ventral; their ducts 

extending anteriorly in four pairs to open 

symmetrically around mouth. Small genital 

primordium situated ventrally in posterior 

half of body. Excretory bladder small, U- 

shaped. Main excretory tubules discharging 
into anterior tip of each arm of bladder. 
Anterior and posterior collecting tubules not 
discernible. Four pairs of flame cells in 
body, one pair in anterior end of tail stem. 
Caudal excretory duct bifurcating into furcae 
and terminating in small vesicles opening 
through finfolds at tips of furcae. Dorsal 
surface of tail stem with right and left sub- 
medial longitudinal rows of long bristles 
appearing to terminate in minute knobs. 
Tail stem with oblique muscle fibers and 
scattered nuclei. Furcae filled with vacuo- 
lated parenchyma. Development in minute, 
oval, whitish, granular sporocysts in gonad 
of host. Sporocysts 0.204-0.286 (0.227) 
long, 0.071-0.128 (0.102) wide; each with 

4 to 8 tightly packed embryos in various 
stages of development. Birth pore not ob- 
served. 

Host: Chione cancellata Linné 
Incidence of infection: One of 120 clams. 
Locality: Bay mouth sand bar, Alligator 

Harbor, Franklin County, Florida. 
The specific name of this cercaria is taken 

from the Latin cristwlatus, meaning “with 
a small crest” and refers to the body finfold. 

Naturally emerging cercariae swim with 

an extreme vibratory motion for a_ short 
interval followed by a rest period with grad- 
ual settling to the bottom where the tail 
stem is held straight and the body flexed 
ventrally. Creeping movement occurs only 
occasionally. Emergence occurs during either 
the day or night; life span of cercaria about 
12 hours. 

This larva is killed quickly with Nile blue 
sulfate. Neutral red is only slightly toxic 
and readily stains the penetration glands, 
their ducts, and the cecal contents. No 

phototropisms were observed. 

This cercaria resembles C. solemyae Mar- 

tin, 1944, and the preceding species in hav- 

ing longitudinal rows of body spines. It 
differs, however, from C. solemyae in almost 
all other morphological features (e.g., size 
and shape of tail, number and arrangement 

of penetration glands, flame cell pattern, 

and shape of ceca). It differs from all other 

known marine aporocotylids by having: 
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furcae of equal length with finfolds, 4 pairs 
of pentration glands and a discernible genital 
primordium. 

D. Fellodistomatid Cercariae 

The larvae of the family Fellodistomatidae 
are probably the most widely studied, yet 
poorly described, of all marine cercariae. 
The next 5 species described below are 
larvae in the subfamily Gymnophallinae. 
Cable (1953) elucidated the life cycle of 
Parvatrema borinquenae, a marine gym- 
nophalline having a minute, fork-tailed cer- 
caria. He emended the Fellodistomatidae to 
receive the Gymnophallinae, basing his con- 
clusions on similarities of the excretory 
systems, host relationships of larval forms, 
and morphological affinities of the adults. 
The Gymnophallinae, whose larvae develop 
in bivalves and become metacercariae in 
gastropods and bivalves, had formerly been 
included in the Microphallidae. Members 
of this family, however, have xiphidiocer- 
cariae developing in gastropods and encyst- 
ing in various other intertebrates; whereas 
metacercariae of the Gymnophallinae do not 
encyst, but live between the mantle and 
shell, commonly in bivalves and rarely in 
gastropods. Lebour (1908, 1911), Palombi 
(1924), and others have described these un- 
encysted metacercariae as cercariae, and have 
thus confused the literature. Giard (1907), 
Jameson (1902), Jameson and Nicoll (1913), 
and others have reported pearl formation 
around gymnophalline larvae in Mytilus 
edulis, due to irritation of the mantle by 
the metacercariae. 

Stunkard and Uzmann (1958) published 
an excellent review of Gymnophallus and 
Parvatrema. They pointed out that many 
adult gymnophallines are not clearly dis- 
tinguished by their descriptions, that little 
correlation has been made between known 
cercariae, metacercariae and adults, and that 
many unencysted metacercariae have been 
mistaken for cercariae. Concerning these 
two genera, they stated in conclusion that 
“the situation is chaotic and one of utter 
confusion.” 

Four closely related species of minute 

furcocercous cercariae were found in the 

present survey; these all probably have adults 

of the genus Parvatrema. A single species 

of tailless larva was found which is typical 
of the “cercariaeum” group proposed by 
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Luhe (1909) and elaborated upon by Sewell 
(1922) and Dubois (1929). This larva is 

probably a member of the genus Gymmno- 
phallus. 

Fellodistomatid cercariae are characterized 
by the following general diagnosis abstracted 
from Cable (1956a) : 

Distome cercariae lacking eyespots and 
stylet. Tail well developed, reduced or lack- 
ing; if well developed, either trichocercous, 
trichofurcocercous, or furcocercous. Suckers 
well developed, prepharynx short or lack- 
ing, ceca varying from short and wide to 
slender and elongate. Excretory bladder U- 
or V-shaped, thin walled, with short stem 

and long arms extending anterior to ventral 
sucker; bladder more or less filled with re- 

fractile concretions. Main excretory tubules 
ciliated. Flame cells absent from tail stem 
of furcocercous forms. Caudal excretory tu- 
bule conspicuous, extending through tail 
stem, dividing at furcal junction and open- 
ing through pores on furcae. Development 
in sporocysts in marine lamellibranchs. 
Metacercariae in invertebrates so far as 
known; adults in intestines and gall bladders 
of aquatic birds and fishes. 

Cercaria imbecilla sp. nov. 
( Figures 21-22 ) 

Description: furcocercous gymnophalline 
larva. Body 0.122-0.133 (0.128) long, 0.036- 
0.046 (0.040) wide at level of acetabulum. 
Tail stem 0.037-0.038 (0.037) long from 
point of attachment to posterior notch be- 
tween furcae, 0.016-0.017 (0.016) wide at 
base. Furcae 0.035-0.037 (0.035) long, 
0.009-0.010 (0.009) wide at base. Oral 

sucker 0.028-0.030 (0.029) long, 0.023- 

0.025 (0.024) wide; mouth subterminal: 

prepharynx absent; pharynx 0.012-0.013 
(0.012) long, 0.010-0.012 (0.011) wide; 
esophagus long; ceca short, thick walled, 

extending only slightly posterior to anterior 
edge of acetabulum. Acetabulum 0.022 long, 
0.022-0.024 (0.023) wide, located in pos- 
terior half of body, with double row of 
minute spines in cavity. Entire body and 
cail spinose; anterior half of body with 
scattered bristles. Two pairs of submedial 
penetration glands dorsal to ceca. Anterior 
gland of each pair just anterior to cecum, 
overlapping anteromedial border of excre- 
tory bladder arm; posterior gland over- 
lapping cecum and medial border of ex- 
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cretory bladder arm, conforming to anterior 
curvature of acetabulum, and only slightly 
overlapping its anterior border. Two pairs 
of penetration gland ducts adhering closely 
to esophagus and pharynx, passing dorsally 
to oral sucker, and discharging through in- 
dividual pores on dorsal lip. Excretory 
bladder U-shaped with arms extending just 
beyond bifurcation of gut, with spherical to 
oval concretions. Ciliated main excretory 
tubules joining anterolateral margins of 
arms, extending anteriorly a short distance 
and receiving anterior and posterior collect- 
ing tubule. Excretory tubules and flame cells 
visible only after staining with Nile blue 
sulfate. Flame cell formula 2 [(1) + (1)] 
= 4. Caudal excretory pores on_postero- 
medial surface of each furca near tip. Body 
filled with indistinct, large, lightly granular 
cells. Tail with many minute nuclei. De- 
velopment in cream colored, saccular sporo- 
cysts infiltrating gonad of host; wall com- 
posed of minute spherical cells. Sporocysts 
0.347-0.719 (0.479) long, 0.133-0.250 
(0.190) wide. About 50-300 densely packed 
embryos in all stages of development per 
sporocyst; birth pore terminal. 

Host: Mulinia lateralis Say 
Incidence of infection: 30 of 446 clams. 
Locality: Salt marsh, St. Marks Light, 

Wakulla County, Florida. 

The specific name of this cercaria is taken 
from the Latin ambecillus, meaning “feeble” 
and refers to the swimming ability of the 
species. 

This minute species emerges at all hours 
and displays no phototropisms. The life 
span is about 18 hours. Neutral red is 
slightly toxic and stains the granular cells 
of the cecal walls and the penetration 
glands. Nile blue sulfate, which is more 
toxic and kills cercariae in about 10 minutes, 
stains the penetration glands, stimulates 

flame cell activity, and causes the enlarge- 
ment of the excretory tubules. Swimming 
is typical of small furcocercous gymno- 
phalline larvae; the tail lashes feebly from 
side to side with the body flexed ventrally 
and hanging downward. Periods of swim- 
ming alternate with creeping on the bottom 
with the furcae held together. 

This cercaria differs from any previously 
described larvae of its type in having the 
combined features of 2 pairs of penetration 
glands, 2 pairs of flame cells, excretory pores 
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Figures 21-24. 21. Cercaria imbecilla, sp. nov., ventral view showing details of body and 
tail. 22. Same, sporocyst. 23. Cercaria fragosa, sp. nov., ventral view showing details of 
body and tail. 24. Same, sporocyst. 
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on posteromedial surfaces of furcae and un- 
even distribution of concretions in the ex- 
cretory bladder. It resembles C. pusilla (de- 
scribed below); both have the same excre- 
tory formula, same number of penetration 
glands, similar digestive system and similar 
location of excretory pores but differ in re- 
spects that will be given in discussing C. 
pusilla. 

Cercaria fragosa, sp. nov. 
( Figures 23-24) 

Description: furcocercous gymnophalline 
larva. Body 0.110-0.125 (0.118), long, 
0.041-0.053 (0.048) wide at level of ven- 
tral sucker. Tail stem 0.044-0.048 (0.047 ) 
long from point of attachment to posterior 
notch between furcae, 0.018-0.016 (0.017 ) 
wide at base. Furcae 0.044-0.047 (0.046) 
long, 0.009-0.010 (0.010) wide at base. 
Oral sucker 0.025-0.030 (0.028) in di- 
ameter; mouth subterminal; prepharynx very 
short. Pharynx 0.012-0.014 (0.012) long, 
0.014-0.016 (0.014) wide; esophagus 0.012 
long; ceca short, thick walled, conforming 
to and only slightly overlapping anterior 
margin of acetabulum. Acetabulum 0.025- 
0.031 (0.028) long, 0.027-0.032 (0.030) 
wide, in posterior half of body. Several rows 
of minute spines lining cavity, with six 
papillae around opening of sucker. Entire 
body and tail spinose. Cephalic region with 
fine bristles. Body surface between posterior 
margins of oral and ventral suckers with 
scattered short bristles set in papillae. Two 
pairs of penetration glands, submedial and 
dorsal to ceca. Anterior glands overlapping 
medial border of excretory bladder arm and 
cecum; posterior glands overlapping medial 
border of bladder arm and anterior border 
of acetabulum; their ducts as in preceding 
species. Excretory bladder U-shaped, each 
arm with short median bulge at anterior 
margin of ventral sucker, with anterior ex- 
tension of arm barely or not quite reaching 
level of pharynx. Spherical, oval and reni- 
form concretions filling excretory bladder. 
Excretory tubules not visible; four pairs of 
flame cells. Flame cell formula probably 
2 {(2) + (2)} =8. Caudal excretory pores 
at furcal tips. Body filled with indistinct, 
lightly granular cells. Tail with many mi- 
nute nuclei. Development in whitish, sac- 
cular sporocysts with thin, smooth walls in 
liver and gonad of host. Sporocyst 0.315- 
0.735 (0.500) long, 0.120-0.270 (0.194) 
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wide. About 50-150 densely packed embryos 
in all stages of development per sporocyst; 
birth pore terminal. 

Host: Donax vartabilis Say 
Incidence of Infection: 18 of 1763 clams. 
Locality: Gulf beach, Alligator Point, 

Franklin County, Florida. 
The specific name of this cercaria is taken 

from the Latin fragosa, meaning “fragile.” 
This species was not observed to emerge 

spontaneously. It may do so and reenter 
the molluscan host, which would account for 
the large number of metacercariae found in 
the mantle chambers of Donax variabilis 
that did not harbor sporocysts. To recover 
mature cercariae for this study, sporocysts 
were teased from the gonad of the host, and 
only those cercariae which freely emerged 
from the sporocysts were used. No photo- 
tropisms were observed. Neutral red, only 
mildly toxic, stains the granular ceca and 
their contents, and the penetration glands. 
Nile blue sulfate, also only mildly toxic, 
stimulates flame cell activity and stains the 
ceca, their contents and the penetration 
glands. The swimming movements of this 
form are typical for the group. 

This cercaria appears to be most closely 
related to the cercaria of Parvatrema donacts 
Hopkins, 1958, from Donax variabilis col- 
lected at Mustang Island, Texas. The follow- 
ing table is a comparison of certain features 
of these two forms. The differences indi- 
cated are considered to be of specific value. 

Cercaria 
fragosa, 

Cerearia of 
Parvatrema 

donacis sp. noy. 

Penetration “too inconspicu- : 
glands ous to count” 2 pairs 

Flame cells 3 pairs on 2 [(2) ats (2)] 
each side =I 

Papillae and 
bristles none noted on body 

Embryos per a v a 
sporcoyst 6 50-150 

Cercarta pusilla, sp. nov. 
(Figures 25-26) 

Description: furcocercous gymnophalline 
larva. Body 0.122-0.153 (0.139) long, 0.046- 
0.056 (0.052) wide at level of acetabulum. 
Tail stem 0.036-0.040 (0.037) from point 
of attachment to notch between furcae, 
0.015-0.017 (0.016) wide at base. Furcae 
0.046-0.053 (0.051) long, 0.009-0.010 
(0.010) wide at base. Oral sucker 0.023-0.026 

(0.025) in diameter; mouth subterminal; 
prepharynx extremely short; pharynx 0.015 
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0.017 (0.015) long, 0.012-0.014 (0.013) 
wide; esophagus long; ceca short, with thick, 
granular walls only slightly overlapping an- 
terior margin of ventral sucker. Ventral 
sucker 0.023-0.025 (0.024) in diameter, in 
posterior half of body and with several rows 
of minute spines inside its cavity. Body 
and tail entirely spinose except narrow 
perimeter around mouth. Body, anterior to 
ventral sucker, with short bristles, densest 

and slightly shorter in cephalic region. Two 
pairs of small penetration glands in close 
proximity to esophagus. Anterior glands 
just overlapping anterior arms of excretory 
vesicle; posterior glands overlapping antero- 
medial borders of excretory arms, and reach- 
ing level of gut bifurcation; their ducts ex- 
tend anteriorly, passing around pharynx and 
dorsal of oral sucker to open individually on 
dorsal lip. Genital primordium medial, just 
anterior to acetabulum. Excretory bladder 
U-shaped with arms extending slightly an- 
terior to gut bifurcation; filled with spheri- 
cal concretions. A short ciliated main ex- 
cretory tubule joining the anterolateral re- 
gion of each arm, and extending anteriorly 
to receive anterior and posterior collecting 
tubule, each draining one flame cell. Flame 
cell formula. 2 C1)» += (1) 4 > Caudal 
excretory pores on the posteromedial sur- 
faces of furcae. Body filled with indistinct, 
large, lightly granular cells. Development in 
cream colored, saccular sporocysts in gonad 
of host; their walls thin and smooth. Sporo- 

cysts 0.420-0.735 (0.570) long, 0.120-0.180 
(0.146) wide. About 40-200 densely packed 
embryos in all stages of development per 
sporocyst; birth pore terminal. 

Host: Chione cancellata Linné 
Incidence of infection: 3 of 120 clams. 
Locality: Bay mouth sand bar, Alligator 

Harbor, Franklin County, Florida. 

The specific name of this larva is taken 
from the Latin puwsillus, meaning “weak” or 
“very small.” 

This cercaria emerges at any hour in 
small numbers, and displays no phototrop- 
isms. Neutral red is moderately toxic and 
stains the walls of the ceca. Nile blue sul- 
fate is very toxic and also stains the ceca. 
The penetration glands do not react to either 
stain. The swimming movements are typical 
for this group. 

This cercaria resembles Cerceria imbecilla 
but differs from it in the size, position and 
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staining reaction of the penetration glands, 
host, presence of the genital primordium, 
distribution of concretions in the excretory 
vesicle, and the position of flame cells. C. 
imbecilla and C. pusilla are both closely re- 
lated to the larva of Parvatrema borinqueniae 
Cable, 1953, but differ from it in having 2 
pairs of pentration glands instead of one 
pair, and by lacking medial bulges of the 
excretory bladder arms. 

Cercaria fimbriata, sp. nov. 
(Figures 27-29 ) 

Description: furcocercous gymnophalline 
larva. Body 0.128-0.153 (0.140) long, 0.053- 
0.063 (0.059) wide at level of acetabulum. 
Tail stem 0.047-0.052 (0.049) long from 

point of attachment to posterior notch be- 
tween furcae, 0.018-0.021 (0.019) wide at 
base. Furcae 0.047-0.051 (0.049) long, 

0.012-0.014 (0.013) wide at base. Oral 

sucker 0.026-0.032 (0.029) long, 0.028- 
0.035 (0.031) wide; mouth subterminal; 

prepharynx very short; pharynx 0.013-0.016 
(0.014) in diameter; esophagus long; ceca 
short, thick walled, conforming to anterior 
curvature of acetabulum but not quite 
touching it. Acetabulum 0.031-0.037 (0.034) 
long, 0.030-0.033 (0.031) wide, located just 

posterior to midbody. Entire body and tail 
spinose. Anterior half of body with scattered 
bristles, those at cephalic end of two lengths. 
Lateral surfaces of tail stem and furcae cov- 
ered with dense brush-like bristles diminish- 
ing in length and disappearing about half 
way up medial surfaces of furcae. Two pairs 
of small penetration glands, lateral to ace- 
tabulum and overlapping arm of excretory 
vesicle; their ducts passing anteriorly dorsal 
to ceca and oral sucker to open separately 
at pores on dorsal lip. Excretory bladder U- 
shaped with arms extending to mid-esoph- 
ageal level; with spherical concretions less 
numerous in arms than in body of bladder; 
a ciliated, main excretory tubule joins each 
arm middorsally, some distance from its an- 
terior end, extends laterally a short distance 
to receive short anterior and long posterior 
collecting tubule, both ciliated. Flame cell 
formula 2 {(2) + (2)}=8. Excretory sys- 
tem of tail as in preceding species. Body 
filled with indistinct, lightly granular cells. 
Development in saccular, white sporocysts 
in gonad of host, their walls with minute, 
spherical nuclei imparting a granular appear- 
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Figures 25-29. 25. Cercaria pusilla, sp. nov., ventral view showing details of body and 
tail. 26. Same, sporocyst. 27. Cercaria fimbriata, sp. rov., ventral view showing details 
of body and tail. 28. Same, sporocyst. 29. Cercaria imbecilla, sp. nov., C. fragosa, sp. 

nov., C. pusilla, sp. nov., and C. fimbriata, sp. nov., lateral view shcwing swimming 
posture. 
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ance. Sporocyst 0.219-0.444 (0.278) long, 
0.087-0.128 (0.108) wide. About 10-30 
embryos per sporocyst in all stages of de- 
velopment; birth pore terminal. Light stimu- 
lates movement of immature cercariae within 
sporocyst. 

Host: Semele proficua Pulteney 
Incidence of infection: 7 of 9 clams. 
Locality: Salt marsh, north of St. Marks 

Light, Wakulla County, Florida. 
The specific name of this larva is taken 

from the Latin fimbriatus, meaning “fringed,” 
as applied to the tail. 

This cercaria emerges in response to light, 
is phototropic, and has a life span of about 
12 hours. Neutral red is not toxic and stains 
the ceca and their contents, whereas Nile 
blue sulfate is very toxic, stains the cecal con- 
tents, stimulates flame cell activity and 
causes the enlargement of the excretory tu- 
bules; neither stains the penetration glands. 

The swimming movements are typical of 
the group. If the container is tapped gently, 
the cercariae contract suddenly. After a few 
seconds they slowly begin to relax and re- 
turn to swimming. At rest, they sink to the 
bottom and lie motionless or show creeping 
movements. 

This cercaria resembles Cercaria fragosa 
but differs from it in body and tail bristles, 
position and size of penetration glands, and 
distinctness of main collecting tubules. 

The insertion of the main excretory tu- 
bules on the dorsal surface of the excretory 
bladder arms has been reported also for the 
metacercaria of Parvatrema borinquenae 
Cable, 1956, and for the cercaria of Parva- 
trema donacis Hopkins, 1958. 

Cercaria granosa, Sp. Nov. 
(Figures 30-32 ) 

Description: tailless gymnophalline larva. 
Body 0.230-0.255 (0.243) long, 0.102-0.143 
(0.126) in maximum width slightly anterior 
to level of ventral sucker. Oral sucker 0.059- 
0.070 (0.064) long, 0.066-0.076 (0.072) 
wide including pair of large lateral papillae; 
mouth subterminal with 8 surrounding 
papillae; prepharynx absent; pharynx 0.018- 
0.023 (0.022) long, 0.021-0.026 (0.023) 
wide; esophagus very short; ceca short, vo- 
luminous, filling body to posterior margin 
of acetabulum, and containing spherical and 
rod-shaped granules and large hyaline glo- 
bules. Acetabulum 0.028-0.035 (0.031) in 
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diameter, with 5 papillae bordering its 

cavity. Dorsal body surface with parallel 

rows of small spines; those on ventral sur- 

face even smaller; bristles scattered over 

body surface, those in cephalic region set 

in papillae. Additional papillae on anterior 

rim of oral sucker. Nine small penetration 

glands on each side of pharynx and along 

posterior edge of oral sucker, some separate 

and some in groups with their arrangement 

laterally from pharynx apparently being 3, 

1, 2, 1, 1, 1, with ducts opening at anterior 

end of body. Excretory bladder Y-shaped 

with short stem and canal with pore at pos- 

terior end of body, and long arms extending 

to sides of oral sucker. Bladder filled with 

spherical concretions of various sizes. A 

short anterior and long posterior collecting 

tubule joining to form short, ciliated main 
tubule discharging into lateral margin of 
bladder arm. Flame cell formula 2 [(2+2) 
+ (2)}=12. Primordium of ovary between 
anterior margin of acetabulum and bifurca- 
tion of ceca; testicular primordium on each 
side of excretory vesicle occupying indenta- 
tions in the margins of vesicle. Primordia 
best observed when stained with neutral red. 
Indistinct, lightly granular cells in body ob- 
scured by contents of ceca and excretory 
vesicle. Development in light-orange, thin 
walled sporocysts in gonad of host. Sporo- 
cyst 0.306-0.403 (0.355) long, 0.112-0.194 
(0.148) wide. Not more than 4 embryos 
per sporocyst in various stages of develop- 
ment. Birth pore not observed. 

Host: Mulinia lateralis Say 
Incidence of infection: 56 of 446 clams. 
Locality: Salt marsh, St. Marks Light 

(type locality), and Live Oak Point, Wa- 
kulla County, Florida. 

The specific name of this cercaria is taken 
from the Latin granosws, meaning “full of 
grains” and refers to the contents of the ceca 
and excretory vesicle. 

Spontaneous emergence of this larva from 
the host was not observed. The above de- 
scription is based on cercariae that freely 
emerged from sporocysts teased from the 
gonad of the host. Although lacking a tail 

and unable to swim, this species creeps on 

the bottom, using the suckers for hold- 

fasts. No phototropisms were observed. 

Neutral red, only slightly toxic, stains the 

cecal contents and the genital primordia. 
Nile blue sulfate, which is more toxic, 
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stains the pentration glands and their ducts. 
This larva probably becomes the meta- 

cercaria found unencysted on the mantles 
of Cerithidea scalariformis in the same lo- 
calities. Almost all these snails are infected 
with this metacercaria that appears slightly 
larger than Cercaria granosa, and has a 
greater development of the genital pri- 
mordia.. 

Cercarta granosa resembles C. cambrensis 
Cole, 1938, from Cardium edule, but differs 
from that species in respects summarized as 
follows: 

Cercaria cambrensis 
Cole, 1938 

Testicular primordia 
present, ovarian absent 

Oral sucker small, 
lateral papillae absent 

Two anterior flame 
cells 4 posterior 

Ceca thick walled, 
anterior to acetabulum 

Cercaria granosa 
sp. nov. 

Testicular and ovarian 
primordia present 

Oral sucker large, 
with lateral papilla 

Four anterior flame 
cells, 2 posterior 

Ceca thin walled, extend- 
ing behind acetabulum 

The relationship of cercariae of this type 
to the adults of the genus Gymnophallus has 
been established by Jameson (1902), Lebour 
(1908, 1911), Dollfus (1912), and Jame- 
son and Nicoll (1913). 

E. Bucephalid Cercartia 
A single representative of this group is 

reported here. 
Cercariae of the family Bucephalidae are 

characterized by the following general diag- 
nosis: 

Modified furcocercous cercariae with short, 
wide tail stem and furcae of complex struc- 
ture that are long and extensile. Mouth ven- 
tral, near midbody, opening through pharynx 
into rhabdocoele intestine. Cephalic organ 
glandular, not associated with digestive tract. 
Development in branched sporocysts in ma- 
rine and fresh water lamellibranchs. 

Cercarta apalachtensis, sp. nov. 
( Figures 33-36) 

Description: body 0.153-0.209 (0.193) 

long, 0.051-0.061 (0.057) wide at mid- 
body. Basal portion of tail stem 0.056-0.066 
(0.061) long, 0.112-0.143 (0.130) wide. 
Furcae about 1.53 long, 0.015-0.020 (0.017) 
wide at base. Cephalic organ 0.044-0.058 
(0.052) long, 0.030-0.037 (0.033) wide, 
with subterminal, mouth-like depression into 
which open ducts of undetermined number 
of penetration glands contained in organ. 
Cephalic organ slightly protrusible through 
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depression, latter surrounded by 5 lips. 
Pharynx spherical, located just posterior to 
midbody, 0.012-0.016 (0.014) in diameter; 
cecum short, thick walled, with its free end 
pointing anteriorly. Cuticle of body spinose. 
Excretory bladder saccular, extending about 
half way from posterior end of body to 
pharynx; excretory pore at junction of body 
and basal portion of tail. Excretory tubules 
obscured by dense cystogenous cells. Six 
flame cells on each side, 2 pairs just behind 
cephalic organ, 4 pairs posterior to pharynx. 
Genital primordium medial, just posterior 
to pharynx. Oval, granular cystogenous cells 
in body so arranged to cause clear longitudi- 
nal area, devoid of cells on each side. Tail 
stem crenate and anteriorly granular, with 
numerous muscle fibers and scattered nuclei; 
posterior area of stem with many minute 
nuclei. Furcae granular, with rough cuticle. 
Development in whitish, granular, greatly 
branched sporocysts infiltrating gonad and 
liver of host. Sporocysts not measured. 

Host: Mulinia lateralis Say 
Incidence of infection: | of 446 clams. 
Locality: Salt marsh, Live Oak Point, Wa- 

kulla County, Florida. 
The specific name of this cercaria is based 

on the Indian word Apalachee, referring to 
the type locality. 

This species emerges at any hour, day or 
night, in small numbers, and displays no 
phototropisms. It has a life span of about 
18 hours. Neutral red, which does not seem 

to impair vitality, readily stains the genital 
primordium and the penetration glands. 
Nile blue sulfate is highly toxic and kills 
the cercaria quickly before stain reactions 
can be noted. No true swimming move- 
ments were observed, although the furcae 
elongate and contract. When water contain- 
ing these cercariae is stirred, the furcae are 
violently contracted to about twice the body 
length and are temporarily oriented at an 
angle of about 60 degrees with the body in 
a rod-like manner (Figure 35). As the 
turbulence in the water subsides, the furcae 
slowly extend and form tangled masses. 
Cable (1956a) described a marine buceph- 
alid cercaria from Puerto Rico that respond- 
ed to agitation in water as does Cercaria 
apalachiensts, 

Most of the published descriptions of ma- 
rine bucephalid larvae are inadequate for 
comparison. Cable’s (1956a) description of 



No. 1 Holliman: Marine Cercariae 23 

Figures 33-36. 33. Cercaria apalachiensis, sp. nov., ventral view of cercarial body and tail stem. 34. Same, ventral view of resting posture. 35. Same, ventral view, of posture 
after furcal contraction. 36. Same, segment of sporocyst. 

] 
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C. caribbea XLII is an exception. C, apa- 

lachiensis differs from it in having the com- 

bined features of a saccular excretory blad- 

der, location of the genital primordium, and 

a distinctive tail stem. 

F. Echinostomatoid Cercartae 

The largest group of closely related cer- 

cariae recorded in the present study belong 

to the superfamily Echinostomatoidea. Three 

species, C. favulosa, C. fuscata, and C. pustu- 

losa are new. Three species, cercaria of 

Parorchis acanthus (Nicoll, 1906), Cercaria 

caribbea Wl Cable, 1956, and cercaria of 

Himasthla quissetensis (Miller and Northup, 

1926) are redescribed, with new informa- 

tion on their morphology and behavior. 

Marine echinostomatoid cercariae are char- 

acterized by the following general diagnosis: 

Distome cercariae bearing a cephalic col- 

lar, well-developed suckers and a non-bifur- 

cated tail. Collar may be armed with a row 

of spines interrupted by an unarmed ventral 

space, or unarmed “Echinostomoid” group, 

Cable (1956a). Prepharynx and pharynx 

present, esophagus long, bifurcating anterior 

to ventral sucker. Excretory system with an- 

terior and posterior secondary tubules which 

join ascending primary tubule at midbody, 
extend to anterior end of body, turn pos- 
teriorly, and empty into ante-chamber or 
directly into bladder. Rarely, a single sec- 
ondary tubule may form ascending primary 

tubule in posterior end of body. Excretory 
bladder thin walled, spherical or sacculate; 
refractile concretions sometimes present 
in bladder and descending primary tubules. 
Body filled with dense cystogenous glands. 
Produced by rediae in gastropods. Encyst- 
ment in snails, lamellibranchs, fishes or on 

substrate. 
The first three cercariae in the following 

descriptions are placed in the Echinostoma- 

tidae and the remaining three in the Phi- 
lophthalmidae. Philophthalmid cercariae, as 

have been described for Parorchis, Philoph- 

thalmus and Cloacttrema, have invaginated, 

glandular tail tips. 

a. Echinostomatid Cercartae 
Cercarta fuscata, Sp. NOV. 

( Figures 37-45 ) 

Description: body 0.306-0.408 (0.376) 

long, 0.219-0.255 (0.237) wide at posterior 
margin of acetabulum. Tail 0.870-1.035 
(0.942) long, 0.066-0.077 (0.072) wide at 
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base. Oral sucker 0.052-0.062 (0.056) long, 
0.051-0.054 (0.052) wide; mouth  sub- 
terminal; prepharynx 0.012-0.025 (0.022) 
long; pharynx 0.023-0.028 (0.025) long, 
0.015-0.022 (0.018) wide; esophagus long, 
bifurcating at about 3/4 distance from phar- 
ynx to acetabulum; ceca narrow, extending 
to level of excretory bladder. Acetabulum 
posterior to midbody, 0.064-0.072 (0.068) 
long, 0.067-0.071 (0.069) wide. Body and 
tail smooth; papillae and bristles absent. 
Collar 0.112-0.128 (0.120) wide with 49 
spines 0.015 long, arranged in a single row 
of 37 interrupted ventrally with 3 anterior 
and 3 posterior angle spines on each side. 
Body with dorsal layer of dense, rod-filled 
cystogenous cells obscuring many internal 
structures including cephalic ganglia, ce- 
phalic glands, and fine details of the ex- 
cretory system. Cephalic glands poorly de- 
fined with ducts close to each side of phar- 
ynx and prepharynx, passing dorsally to 
oral sucker to open at small lateral, and 
2 larger and more medial pores. Excretory 
bladder small, oval, receiving wide, descend- 
ing limbs originating from narrow, ciliated 
ascending tubules at posterior margin of 
the oral sucker; secondary tubules, obscured 
by cystogenous glands, forming ascending 
limbs at level of excretory bladder. Bladder 
and descending limbs filled with small, 
spherical concretions. Caudal excretory tu- 
bule extending 1/6 length of tail to bifur- 
cate and open on sides of tail. Two small 
eyespots of granular pigment lateral to pre- 
pharynx. Anterior 2/3 of body with similar 
pigment being generally denser anteriorly 
and concentrated around posterior margin 
of oral sucker to form dark zone with 4 
streaks extending posteriorly to blend with 
granular pigmentation of forebody. Devel- 
opment in orange-brown rediae parasitizing 
liver and gonad of host and measuring 
1.125-1:815 (1586) - long, (0225-0:330 
(0.282) wide; with appendages well de- 
veloped; cuticle thick; cecum yellow-orange, 
granular, reaching level of posterior append- 
ages; average of 10 embryos per redia, in 
all stages of development. Birth pore dorsal, 
just posterior to anterior appendages. Flame 

cells not apparent. 

Host: Cerithidea scalariformis Say 

Incidence of infection: 19 of 5,508 snails. 

Locality: Salt marsh, St. Marks Light 
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Figures 37-45. 37. Cercaria fuscata, sp. nov., ventral view showing body pigmentation 
and tail structure. 38. Same, ventral view of cercarial body. 39. Same, ventral view of 
cephalic end showing collar spines. 40. Same, dorsal view showing swimming posture. 
41. Same, lateral view showing swimming posture. 42. Same, lateral view showing pos- 
ture when cercaria is killed in formalin. 43. Same, redia. 44. Same, cephalic end of redia 
extended. 45. Same, cephalic end of redia retracted. 
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(type locality), and Shell Point, Wakulla 
County, Florida. 

The name of this cercaria is from the 
Latin fwscatus, meaning “dusky” and refers 
to the pigmentation of the body. 

This larva emerges in small numbers after 
the host has been dried and then immersed. 
It is positively phototropic, and has a life 
span of about 24 hours if encystment does 
not occur. Encystment can be stimulated by 
evaporation, cover slip pressure and vital 
dyes. The cyst is very similar to that of 
Cercaria favulosa, except for the brown tint 
imparted by pigment in C. fuscata. Nile 
blue sulfate is more toxic than neutral red 
and neither is specific for particular struc- 
tures. 

This cercaria is a strong, active swimmer, 

lashing the tail from side to side in a figure 
8 motion while driving the vibrating body 
forward through the water either dorsally 
or ventrally oriented. The body is contracted 
and slightly flexed ventrally while swim- 
ming (Figures 40, 41). At rest, the larva 

lies on the bottom with body contracted and 
tail extended, prior to encystment. Cercariae 
preserved in formalin have the tail extended 
and at a right angle to the body axis (Fig- 
ure 42). 

This cercaria differs from all other marine 
echinostomes by having 49 collar spines and 
pigment scattered throughout the body. 

Cercaria of Himasthla quissetensis 
(Miller and Northup, 1926 ) 

(Figures 46-50 ) 

Description: body 0.418-0.530 (0.468) 
long, 0.112-0.143 (0.127) wide at level of 
acetabulum. Tail 0.316-0.352 (0.332) long, 
0.031-0.036 (0.033) wide at base. Oral 
sucker 0.040-0.044 (0.042) in diameter; 
mouth subterminal; prepharynx 0.020-0.031 
(0.024) long; pharynx 0.022-0.025 (0.025 ) 
long, 0.017 -0.022 (0.019) wide; esophagus 
long, bifurcating at about 3/4 distance from 
pharynx to acetabulum; ceca narrow, extend- 
ing to level of excretory bladder. Acetab- 
ulum 0.063-0.070 (0.067) long, 0.066-0.075 
(0.069) wide, just posterior to midbody. 
Cuticle of body and trail aspinose; anterior 
half of body with scattered bristles set in 
papillae. Collar 0.092-0.107 (0.098) wide 
with 31 spines in single row interrupted 
ventrally and 2 additional angle spines pos- 
terior to each end of row; those in row, 

Vol. 9 

0.010 long; angle spines, 0.007 long. A 
group of small cephalic glands on each side 
between levels of pharynx and cecal bifur- 
cation, with 2 ducts passing laterally to oral 
sucker and opening through individual pores 
on dorsal lip. One small gland, with no ap- 
parent duct, on each side of prepharvnx 
just posterior to oral sucker. Excretory blad- 
der small, oval, with short anterior stem 
receiving wide, descending limbs originat- 
ing from narrow, ciliated ascending tubules 
at level of oral sucker; secondary tubules 

forming ascending limbs at level of excre- 
tory bladder; smaller tubules obscured by 
cystogenous glands. About 24 flame cells 
on each side. Descending limbs from junc- 
tion with bladder stem to level of acetabu- 
lum almost filled with oval concretions and 
with scattered concretions anterior to that 
level. Caudal excretory tubule short, bifur- 
cating to open at lateral pores on tail. Ce- 
phalic ganglia and cross commissure at level 
of prepharynx. Two genital primordia evi- 
dent, one just anterior to junction of ex- 
cretory bladder arms, other just anterior to 
acetabulum. Body with dorsal layer of dense, 
rod-filled cystogenous cells. Tail attached 
subterminally, filled with vacuolated paren- 
chyma; cuticle indented at intervals over 
tail surface. Development in non-motile, 
whitish rediae in gonad and liver of host. 
Redia 1.110-1.455 (1.300) long, 0.225-0.330 
(0.278) wide. Birth pore anterior and lat- 
eral; cuticle thin; appendages absent, cecum 
short, narrow, with granular contents. About 
45 tightly packed embryos per redia, in all 
stages of development. Flame cells not ap- 
parent. Rediae, fixed in formalin, with pos- 
terior third of body bent at obtuse angle to 
remainder of body (Figure 50). 

Host: Nassarius vibex Say 
Incidence of infection: 40 of 1,083 snails. 
Locality: Bay mouth sand bar, Alligator 

Harbor, Franklin County; sand bar, 3 miles 

SSW, St. Marks Light, Wakulla County, 
Florida. 

This larva emerges in greatest numbers 
after dark. It shows no phototropisms and 
has a life span of about 48 hours; encyst- 
ment was not observed. Neutral red is not 
toxic and stains penetration glands and 
ducts, genital primordia and cecal contents; 
Nile blue sulfate is very toxic. 

This cercaria swims slowly with the body 
inverted, flexed ventrally between the suck- 
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Figures 46-50. 46. Cercaria of Himasthla quissetensis (Miller and Northup, 1926), ven- 
tral view showing details of excretory system and tail. 47. Same, ventral view of cer~- 
carial body showing cystogenous cells and cephalic glands. 48. Same, ventral view of 
cephalic end showing collar spines. 49. Same, lateral view showing swimming posture. 
50. Same, showing posture when redia is killed in formalin. 
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ers and with the tail held at a right angle 
to the body and lashing from side to side 
causing the body to vibrate vigorously. Cer- 
cariae are normally found near the bottom 
of the vessel, swimming around the pe- 
riphery, but may creep by use of the suckers. 

This larva is identified as the cercaria of 
Himasthla quissetensis (Miller and Northup, 
1926), a trematode from the herring gull. 
The present study extends previous descrip- 
tions with respect to number of flame cells 
and cephalic gland ducts, and records a new 
host and locality. 

Cercaria caritbbea WI Cable, 1956 
( Figures 51-55 ) 

Description: body 0.418-0.536 (0.486) 
long, 0.179-0.209 (0.192) wide at midbody. 
Tail 0.413-0.510 (0.472) long, 0.056-0.061 
(0.060) wide at base, with dorsal and ven- 
tral plicated finfold, 0.372-0.485 (0.442) 
long, 0.023 wide. Oral sucker 0.052-0.060 
(0.056) long, 0.051-0.056 (0.054) wide; 
mouth subterminal; prepharynx 0.008-0.025 
(0.019) long; pharynx 0.025-0.033 (0.030) 
long, 0.014-0.020 (0.017) wide; esophagus 
long, bifurcating just anterior to acetabu- 
lum; ceca narrow, extending to level of ex- 
cretory bladder. Acetabulum 0.076-0.085 
(0.081) long, 0.076-0.085 (0.080) wide, 
located at midbody. Body surface finely 
granular, no distinct spines; tail smooth; 
short bristles scattered over anterior 4/5 of 
body surface, those on cephalic end set in 
papillae. Collar 0.092-0.107 (0.102) wide: 

with 31 spines, 0.0127 long, in a row inter- 
rupted ventrally and 2 additional angle 
spines on each side. Cephalic glands poorly 
defined, obscured by cystogenous glands; 
4-6 ducts on each side passing laterally to 
oral sucker and opening at indistinct pores 
on dorsal lip. Six poorly defined glands 
within oral sucker opening at 6 pores on 
dorsal perimeter of oral sucker. Excretory 
bladder small, oval, with short anterior stem 
receiving wide, descending limbs originating 
from narrow, ciliated ascending tubules at 
sides of oral sucker; secondary tubules, ob- 
scured by cystogenous glands, forming as- 
cending limbs at level of excretory bladder. 
Descending limbs filled to level of esopha- 
gus with irregular concretions. Caudal ex- 
cretory tubule bifurcating, with lateral pores 
on tail. Cephalic ganglia and cross com- 
missure at level of prepharynx. Body filled 
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with granular cystogenous cells, obscuring 
flame cells. Tail with vacuolated paren- 
chyma and few nuclei. Development in 
granular, yellow to whitish rediae parasitiz- 
ing liver of host and measuring 0.870-1.590 
(1.265) long, 0.225-0.405 (0.320) wide; 
birth pore lateral, just behind anterior ap- 
pendage; area around mouth with minute 
bristles. Young redia whitish with well de- 
veloped appendages, containing 12-15 em- 
bryos; cecum reaching posterior appendages. 
Old redia yellow, with less evident append- 
ages and containing 20-25 cercariae in all 
stages of development. Flame cells not ap- 
parent. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 1 of 5,508 snails. 
Locality: Salt marsh, Shell Point, Wakulla 

County, Florida. 
This larva emerges after the host has been 

dried prior to isolation. Cable (1956a) 
stated that this cercaria develops in and re- 
enters the same species of snail to encyst, 
a finding not confirmed in the present 
study. The life span is about 24 hours and 
no phototropisms were observed. Neutral 
red, only slightly toxic, does not stain any 
feature well. Nile blue sulfate is very toxic 
and stains only the cephalic ganglia. 

This cercaria swims rapidly near the sur- 
face by lashing the tail from side to side in 
a figure 8 motion with the body inverted 
and sharply flexed ventrally. Swimming di- 
rection can be abruptly changed from for- 
ward to backward. When at rest, the larva 
settles to the bottom in the attitude shown 
in Figures 53 and 54. 

This cercaria is identified as C. caribbea 
III Cable, 1956, from Cerithidea costata in 
Puerto Rico. The minutely granular or scaly 
rather than spinose cuticle of the Florida 
species 1s not considered of specific impor- 
tance and may be due to development in 
different hosts. A new host and_ locality 
record for this cercaria is here established. 

b. Philophthalmid Cercariae 
Cercaria of Parorchis acanthus 

(Nicoll, 1906) 
Syn. Cercaria purpurae Lebour, 1911 
Syn. Cercarta sensifera Stunkard and 

Shaw, 1931 
(Figures 56-58) 

Description: body 0.570-0.921 (0.653) 
long, 0.163-0.214 (0.191) wide at level of 
acetabulur®. Tail 0.450-0.675 (0.542) long, 
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Figures 51-55. 51. Cercaria caribbea III Cable, 1956, ventral view, showing details of 
body and tail. 52. Same, ventral view of cephalic end, showing collar spines and cephalic 
glands in oral sucker. 53. Same, lateral view showing swimming posture. 54. Same, dor- 
sal view showing swimming posture. 55. Same, redia. 
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0.051-0.082 (0.061) wide at base. Oral 
sucker 0.062-0.075 (0.069) long, 0.070-0.084 
(0.078) wide; mouth subterminal; prephar- 
ynx 0.018-0.024 (0.022) long; pharynx 
0.028-0.033 (0.030) long, 0.020-0.025 
(0.022) wide; esophagus long, bifurcating 
about 3/4 the distance from pharynx to ace- 
tabulum; ceca narrow, extending to level of 
excretory bladder. Acetabulum 0.076-0.086 
(0.081) long, 0.070-0.084 (0.078) wide, 
located just posterior to midbody. Body 
covered with minute spines, tail smooth; 
short bristles scattered over body, with those 
at cephalic end and around mouth set in 
papillae. Collar 0.102-0.122 (0.107) wide 
with about 70 spines in one row, interrupted 
ventrally. Undetermined number of indis- 
tinct cephalic glands on each side between 
level of acetabulum and pharynx. Several 
gland ducts on each side passing anteriorly 
dorsal to oral sucker and discharging through 
indistinct pores on dorsal lip. Excretory 
bladder small, spherical; descending limbs 
bending medially anterior to acetabulum 
and originating from ascending tubules at 
posterolateral margins of oral sucker; an- 
terior and posterior secondary tubules form- 
ing ascending limb at level of acetabulum; 

smaller tubules obscured by cystogenous 
glands. Descending limbs with minute, 
spherical concretions from posterior level of 
acetabulum to level of pharynx. Embryonic 
caudal excretory tubule disappearing in pa- 
renchyma of tail short distance from body. 
Eighteen flame cells observed on each side 
of body. Cephalic ganglia and cross com- 
missure at level of prepharynx. Body with 
dorsal layer of rod-filled cystogenous cells. 
Tail with vacuolated parenchyma and ter- 
minating with invaginated, glandular tip. 
Development in yellow, granular rediae in 
liver and gonad of host. Redia 0.900-1.335 
(1.026) long, 0.210-0.390 (0.285) wide. 
Birth pore lateral and anterior; cuticle thin, 
with minute bristles around mouth. Young 
redia with short anterior and long posterior 
appendages becoming barely visible in old 
redia. Cecum, yellow, slightly overreaching 
posterior appendages. Usually ten to 12 em- 
bryos per redia, in various stages of develop- 
ment. Flame cells not apparent. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 189 of 5,508 snails. 
Locality: Salt marsh, St. Marks Light and 

Shell Point, Wakulla County, Florida. 
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In behavior and staining reaction, this 
larva is similar to Cercaria favulosa, and the 
two species can be distinguished only by 
detailed study of structures under oil im- 
mersion. 

The present one is identified as the cer- 
caria of Parorchis acanthus (Nicoll, 1906), 
adults of which were reared by feeding 
metacercariae to chicks. A new host and 
locality record thus is established for the 
larva. However, the cercaria as observed by 
the writer differed from the description 
given by Rees (1937) in respects that are 
summarized in the following table: 

Cercaria purpurae 
Lebour 

(from Rees 1937) 

Cercaria purpurae 
Lebour 

(from present study) 

Caudal excretory tubule 
bifurcating and opening 
through individual pores 

on lateral margins of 
tail. 

Caudal excretory tubule 
disappearing in paren- 
chyma of tail a short 
distance from body. 
Excretory pore not 

observed. 

About 70 collar spines 

Cephalic glands, ducts 
and pores too indistinet 

to count. 

Concretions in descend- 
ing primary tubules 
only between post- 
acetabular level and 
post-pharyngeal level. 

64 collar spines 

Six cephalic glands with 
6 ducts and 6 pores on 

each side. 

Concretions filling 
descending primary 

tubules. 

Confronted with the problem of identify- 
ing Parorchis from gulls in Australia, Angel 
(1954) proposed Parorchis acanthus vat. 
australis, based on minute differences be- 
tween her cercaria and that described by 
Rees (1937). This degree of subdivision 
seems unnecessary, because some degree of 
variation in cercariae might be expected 
when produced in different gastropod spe- 
cies. 

Cercarta favulosa, sp. NOV. 
( Figures 59-60 ) 

Description: body 0.495-0.540 (0.515) 
long, 0.107-0.168 (0.137) wide at level of 
acetabulum. Tail 0.225-0.465 (0.323) long, 

0.041-0.056 (0.052) wide at base. Oral 
sucker 0.054-0.063 (0.060) long, 0.051-0.058 
(0.053) wide; mouth subterminal; prephar- 
ynx 0.026-0.044 (0.031) long; pharynx 
0.030-0.035 (0.032) long, 0.021-0.024 

(0.023) wide; esophagus long, bifurcating 
at about 2/3 distance from pharynx to ace- 
tabulum; ceca narrow, extending to level of 
excretory bladder. Acetabulum 0.068-0.076 

(0.073) long, 0.070-0.076 (0.073) wide, 
located just posterior to midbody. Body and 
tail surface aspinose, with scattered short 
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bristles, those of cephalic region set in 
papillae; papillae also around mouth and on 
inner dorsal surface of oral cavity. Collar 
0.071-0.102 (0.078) wide, unarmed. Two 
groups of granular cephalic glands on each 
side between level of acetabulum and phar- 
ynx; number of glands per group not deter- 
mined. Their ducts extend anteriorly in 
two bundles, median one close to esophagus 
and pharynx and lateral bundle, which con- 
verge at side of oral sucker, then separate 
to pass dorsal to sucker and open at 5 pores 
on its dorsal lip. Excretory bladder small, 
spherical; descending limbs originating from 
ascending tubules at level of pharynx; an- 
terior and posterior secondary tubules form- 
ing ascending limb at anterior level of ace- 
tabulum; smaller tubules obscured by cysto- 
genous glands. Excretory concretions absent. 
Embryonic caudal excretory tubule  dis- 
appearing in parenchyma of tail short dis- 
tance from body; definitive excretory pore 
not observed. Eighteen flame cells observed 
on each side of body. Genital primordium 
about half way between excretory bladder 
and acetabulum. Cephalic ganglia and cross 
commissure at level of prepharynx. Body 
with dorsal and ventral layers of dense rod- 
filled cystogenous cells. Tail filled with 
vacuolated parenchyma, terminating with 
invaginated, glandular tip. Development in 
yellow, granular rediae in liver and gonad 
of host. Redia 0.765-1.080 (0.920) long, 
0.180-0.345 (0.257) wide. Birth pore lat- 
eral and anterior; cuticle thick; area around 
mouth with minute bristles. Young redia 
with short anterior and long posterior ap- 
pendages, much reduced in old redia; cecum 
yellow, reaching level of posterior append- 
ages. Average of 12 embryos per redia, in 
various stages of development. Eight flame 
cells in each redia, one pair in each quarter 
of body. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 149 of 5,508 snails. 
Locality: Salt marsh, St. Marks Light (type 

locality), and Shell Point, Wakulla, County, 
Florida. 

The specific name of this cercaria is taken 
from the Latin favalosus, meaning “full of 
small cells” and refers to the cercarial body 
filled with cystogenous cells. 

This larva emerges when the host has 
been dried prior to isolation. Encystment 
occurs on the wall of the container and the 
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life span of the cercaria is about 36 hours 
if encystment does not occur. No photo- 
tropisms were observed. Encystment can be 
induced by evaporation of water, chilling, 
addition of Nile blue sulfate or neutral red, 
and coverslip pressure. Transfer of this 
cercaria from one vessel to another is dif- 
ficult because of the tendency to encyst on 
the inside of the pipette. The cyst wall is a 
thin, elastic membrane, surrounded by a 
thick, brittle adhesive layer which attaches 
the cyst to the wall of the vessel. Neutral 
red stains all cercarial features evenly except 
the suckers. Nile blue sulfate is more toxic 
than neutral red and stains the same features. 

Swimming is by a dorso-ventral sigmoid 
undulation of the extended tail and body 
and is not effective in propelling the larva. 
The tip of the tail is adhesive, attaching the 
cercaria to the substrate while the body and 
tail are held erect and lash as when the 
larva is swimming. It may lie on the bot- 
tom, ventral side down, with the tip of the 
tail attached to the vessel and be very dif- 
ficult to dislodge with pipette suction. This 
larva can contract to about 1/4 its extended 
length. 

This species belongs to the “Echinosto- 
moid” group of cercariae proposed by Cable 
(1956a), the larvae of which have all the 
characteristics of echinostomatoids except 
collar spines. Collar spines probably are of 
little family significance, however, since 
Philophthalmus does not have them as an 
adult and some species of Parorchis have 
them well developed but others do not. In 
behavior, this larva resembles the cercaria 
of Parorchis acanthus (Nicoll, 1906). Mor- 
phologically, C. favwlosa resembles C. cartb- 
bea V Cable, 1956, but differs from it in 
the length of the descending execretory 
limbs, number of pores of the cephalic gland 
ducts, absence of cuticular spination and 
gross measurements. 

This cercaria is placed in the Philoph- 
thalmidae pending the determination of the 
life history. 

Cercaria pustulosa, sp. nov. 
(Figures 61-64) 

Description: body 0.540-0.720 (0.647) 
long, 0.153-0.214 (0.196) wide at midbody. 
Tail 0.270-0.398 (0.324) long, 0.041-0.051 

(0.045) wide at base. Oral sucker 0.066- 
0.077 (0.071) long, 0.051-0.067 (0.061) 
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Figures 61-64. 61. Cercaria pustulosa, sp. nov., ventral view showing details of excretory 
system and tail. 62. Same, ventral view of cercarial body showing cystogenous cells and 
eepnalie glands. 63. Same, ventral view of cephalic end showing collar spines. 64. Same, 
redia. 
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wide; mouth subterminal; prepharynx 

0.017-0.032 (0.025) long; pharynx 0.030- 

0.038 (0.34) long, 0.018-0.028 (0.023) 

wide; esophagus long, bifurcating just an- 

terior to acetabulum; ceca narrow, extend- 

ing to anterior level of excretory bladder. 

Acetabulum 0.074-0.087 (0.080) in diam- 

eter, just posterior to midbody. Body sur- 

face spinose with scattered short bristles set 

in papillae which are more abundant on 

cephalic end; tail smooth. Collar 0.102- 

0.117 (0.110) wide with about 58 spines 

in single row, interrupted ventrally. Indis- 

tinct cephalic glands in forebody, with 14 
minute ducts passing dorsally over oral 
sucker to open at individual pores in row 
on dorsal lip; two lateral pores on each 

side distinctly separated from others. Ex- 

cretory bladder small, oval, with short an- 

terior stem receiving descending limbs orig- 

inating from narrow, ciliated ascending tu- 

bules just posterior to oral sucker; secondary 

tubules, originating in forebody, becoming 

sinuous in hindbody, forming ascending 

limbs at level of excretory bladder. De- 
scending limbs filled with small, spherical 
concretions. Flame cell formula 2 (3 + 3 + 

Bae Segoe at ou 5) — 4s... Caudal 
excretory tubule short, bifurcating to open 
at pores on sides of tail near its base. Ce- 
phalic ganglia and cross commissure at level 
of prepharynx. Body with dorsal layer of 
rod-filled cystogenous cells. Tail filled with 
vacuolated parenchyma, terminating with in- 
vaginated, glandular tip. Development in 
cream colored rediae in liver of host. Redia 
0.870-2.055 (1.457) long, 0.165-0.450 

(0.311) wide, containing about 36 embryos 
in all stages of development. Birth pore 
anterior and lateral; area around mouth with 
minute bristles. Appendages absent; cuticle 
thin; cecum with granular contents, about 
1/4 length of redia. Flame cells not ap- 
parent. 

Host: Melongena corona Gmelin 
Incidence of infection: 6 of 69 conchs 
Locality: Live Oak Point, Wakulla Coun- 

ty, Florida. 
The name of this larva is taken from the 

Latin pustulosus, meaning “full of pimples” 
and refers to the papillae on the body. 

This cercaria emerges at any hour and has 
a life span of about 36 hours if encystment 
does not occur. Neutral red, only mildly 
toxic, stains the penetration glands and 
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ducts. Nile blue sulfate, which is more toxic, 

stains the cephalic ganglia and commissure 

and stimulates flame cell activity. All other 

behavioral characteristics, reactions, and cyst 

features are similar to those of Cercaria 

favulosa. 

This cercaria does not closely resemble 

any other known marine echinostomatoid. 

It is distinctive in having the combined 
features of 58 collar spines, an invaginated 
tail tip, and a single secondary collecting 
tubule draining flame cells instead of an 
anterior and posterior tubule. This pattern 
of excretory tubules, however, has been re- 

ported by this writer for C. fuscata, C. cartb- 
bea Ill Cable, 1956, and cercaria of H7- 
masthla quissetensis (Miller and Northup, 
1926) and by Mathias (1925) for the cer- 

caria of Hypoderaenm conoideum Dietz, 
1909, from fresh water snails (Linnaea spp.). 

This larva differs from known philoph- 
thalmid cercariae in the arrangement of ex- 
cretory tubules but resembles members of 
that group in swimming characteristics, in- 
vaginated tail tip, cystogenous glands and 
encystment. It is tentatively placed in that 
group pending the determination of the life 
history. 

G. Plagiorchioid Cercariae 

A single plagiorchioid cercaria of the fam- 
ily Microphallidae was found. Cercariae of 
this family are characterized by the follow- 
ing general diagnosis: 

Small cercariae with acetabulum and phar- 
ynx nearly always undeveloped; oral sucker 
with prominent stylet. Penetration glands 
usually 4 pairs, consisting of 2 pairs each of 
2 types distinguished by position, size, char- 
acter of granulation and configuration of 
ducts. Usually 2 anterior pairs of one type 
and better defined than 2 posterior pairs; 
exceptions are recorded by Palombi (1940), 
Schell and Thomas (1955), Lebour (1911), 
Cable (1956a) and for the species described 
below. Excretory vesicle U- or V-shaped 
with tubules entering its arms anterolater- 
ally. Development in sporocysts in proso- 
branch gastropods. Encystment in arthro- 
pods, usually crustaceans; adults generally in 
intestines of birds, occasionally in other 

vertebrates, especially fishes. 
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Cercaria lanceolata, sp. nov. 

( Figures 65-68 ) 

Description: body 0.168-0.194 (0.181) 
long, 0.056-0.071 (0.062) wide at level of 
acetabular primordium.. Tail 0.184-0.209 
(0.195) long, 0.017-0.020 (0.018) wide at 

base. Oral sucker 0.041-0.046 (0.044) long, 
0.029-0.035 (0.032) wide; mouth — sub- 
terminal; other features of digestive system 
not evident. Stylet 0.029 long, 0.003 wide, 
laterally compressed, slightly enlarged at 
base of point; with slight ventral curvature. 
Genital or acetabular primordium located in 
posterior third of body. Cuticle of body and 
tail surfaces aspinose, that of tail thick and 
minutely wrinkled; a pair of long bristles 
at cephalic end of body. Three large, over- 
lapping penetration glands on each side, 
nuclei just posterior to midbody; ventral 
gland lightly granular, staining darkly with 
Nile blue sulfate; middle gland with coarse 

granules staining darkly with neutral red as 
does the moderately granular dorsal gland. 
Dorsal and ventral gland ducts sinuous, pass- 
ing over dorsolateral surface of oral sucker 
to open at individual pores within oral 
cavity near tip of stylet. Duct of middle 
gland bending toward midline at level of 
cerebral ganglia and then curving laterally 
around oral sucker and opening through 
pore within oral sucker anterior to other 
pores. Excretory bladder small, U-shaped, 
with short arms; excretory tubules sinuous, 
originating at level of penetration glands 
and receiving anterior and posterior collect- 
ing tubules. Flame cell formula 2 [(2+2) 
ci(20-2)} = 16, Excretory pore at body- 
tail junction. Cephalic ganglia and cross 
commissure at about 1/6 distance from oral 
sucker to genital (or acetabular) primord- 
ium. Body filled with granular cystogenous 
cells. Tail filled with small nuclei and with 
central, longitudinal strand of muscle fibers. 
Development in minute, oval, whitish, 
sporocysts in liver of host. Sporocyst 0.189- 
0.281 (0.231) long, 0.102-0.179 (0.139) 
wide, each with 5 to 6 embryos in various 
stages of development; birth pore not ob- 
served. 

Host: Certthidea scalariformis Say 

Incidence of infection: 130 of 5,508 snails. 

Locality: Salt marsh, St. Marks Light (type 
locality) and Shell Point, Wakulla County, 

Florida. 
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The specific name of this cercaria is taken 
from the Latin /anceolatus, meaning “lance- 

like,” and refers to the stylet. 

From previously dried snails, cercariae 
emerge at all hours in large numbers. They 
have a life span of about 18 hours and are 
positively phototropic. Netural red 1s not 
toxic whereas Nile blue sulfate is toxic. 
Swimming movement is typical of xiphidio- 
cercariae with the body slightly flexed ven- 
trally and hanging downward, and with the 
tail lashing in a figure-eight motion (Figure 
67). They swim continuously for the first 
12 hours after emergence, then settle to the 

bottom and, for about 6 hours, creep by ex- 
tension of the body and attachment of the 
oral sucker to the substrate. 

This is the first report of a marine micro- 
phallid cercaria with three pairs of penetra- 
tion glands and a flame cell formula of 
Di(24-2 (2-2) | 16 Other suchilar= 

vae usually have 4 pairs of penetration 
glands but 2 pairs have been described for 
C. minima Schell and Thomas, 1955, and 

C. misenensis Palombi, 1940; and 6 pairs for 

C. ubiquita Lebour, 1911, and C. wbiqua- 

tensis Palombi, 1940. 

Cercaria lanceolata may encyst in a fiddler 

crab (Uca sp.) abundant in the type locality. 

The adult probably occurs in a crab-eating 

bird to judge from known microphallid life 

cycles. 

One distome plagiorchioid xiphidiocer- 

caria was found in the present study. The 

family relationship of cercariae of this type 

is unknown; only 4 species have been de- 
scribed adequately: C. caribbea XXXII 
Cable, 1956, C. caribbea XXXIII Cable, 
1956, C. roscovita Stunkard, 1932, and C. 

parvicaudata  Stunkard and Shaw, 1931. 

They have the following general diagnosis: 

Marine distome xiphidiocercariae with 

small, poorly developed stylet. Body cuticle 

spinose, tail smooth. Dense, granular cysto- 

genous glands filling body, obscuring details 

of penetration glands and excretory network. 

Excretory bladder Y-shaped with excretory 

tubules joining stem at base of arms. Phar- 
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ynx present. Development in sporocysts in 
prosobranch snails. Adults probably in birds 
or mammals. 

Cercariae opaca, sp. nov. 
( Figures 69-73 ) 

Description: body 0.209-0.240 (0.228) 
long, 0.097-0.107 (0.103) wide at midlevel. 
Tail 0.209-0.235 (0.222) long, 0.023-0.025 
(0.024) wide at base. Oral sucker 0.036- 
0.039 (0.037) in diameter; mouth sub- 
terminal, with surrounding row of small 
triangular spines, interrupted ventrally; pre- 
pharynx absent; pharynx 0.013 in diameter; 
esophagus obscured by cystogenous glands. 
Stylet 0.009 long, 0.005 wide, rod-like with 
conical point. Acetabulum  0.037-0.038 
(0.037) in diameter, just posterior to mid- 
body. Body cuticle thin, covered with mi- 
nute spines, tail smooth. Numerous granular 

penetration glands in large group on each 
side, between levels of pharynx and acetabu- 
lum; each group with 4 gland ducts passing 
through lateral wall of oral sucker to open 
close together near base of stylet. Arms of 
excretory bladder embracing posterior mar- 
gin of acetabulum. Four groups of 3 flame 
cells observed on each side; their formula 

probably 2 [(3+3) + (3+3)}=24. Ex- 
cretory pore at junction of body and tail. 
Body with scattered refractile spherules in 
addition to cystogenous cells. Tail filled 
with small cells and central strand of longi- 
tudinal muscle fibers; its cuticle indented at 
intervals. Development in orange sporocysts 
with granular cuticle. Sporocysts 0.352- 
0.556 (0.462) long, 0.163-0.291 (0.222) 
wide, containing 7 to 20 embryos in various 
stages of development; birth pore terminal. 
Fully developed cercariae in sporocyst very 
active. 

Host: Littorina irrorata Linné 

Incidence of infection: 2 of 1,538 snails. 

Locality: Salt marsh, St. Marks Light, Wa- 
kulla County, Florida. 

The specific name of this cercaria is taken 
from the Latin opacus, meaning “opaque” or 
shaded” and refers to the dense appearance 

of the body. 

Cercariae emerge from the snail at all 
hours, but are never seen in large numbers 
because they immediately return to that host 
and encyst in its gonad. No phototropisms 
were noted. The cyst is spherical, 0.281- 
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0.316 (0.296) in diameter, with a_ thick, 
brittle outer layer and a thin, elastic inner 
membrane. The outer layer appears to be 
radially striated and dissolves in artificial 
digestive juice (0.5% HCl and 1% pepsin) 
which does not affect the thin, inner mem- 

brane. The metacercaria appears similar to 
the cercarial body without the stylet. The 
cyst has the appearance of a tiny translucent 
pearl, and is very similar to the cysts de- 
scribed by Stunkard (1932) as those of 
Spelotrema spp. provis. from crabs, and by 
Pelseneer (1906) from Littorina rudts. 

Neutral red is mildly toxic; it stains the 

penetration glands lightly and the cysto- 
genous glands darkly. Nile blue sulfate is 
very toxic and kills the cercaria before stain- 
ing reactions become evident. Swimming 
movements are as described for Cercaria 
lanceolata and terminate with the larva sink- 
ing to the bottom where it may lie motion- 
less or creep about, using the suckers for at- 
tachment to the substrate. 

This species resembles C. caribbea XXXII 
Cable, 1956, but differs from it by having 
spines in the oral sucker, a visible pharynx, 
a distinctive stylet, and 4 instead of 3 pene- 
tration gland ducts. The adult probably is 
in a snail-eating shore bird. 

The systematic position and affinities of 
the next two species pose a problem. They 
resemble C. opaca in the important features 
of Y-shaped excretory bladder, dense cysto- 
genous glands, and development in sporo- 
cysts in mudflat snails of the order Meso- 
gastropoda. It is known that the stylet may 
be absent in larvae of certain natural adult 
groups in which xiphidiocercariae may pre- 
dominate. It is likewise known that tail 
form has little taxonomic value; in the 

psilostomes, echinostomes, and  opisthor- 
chioids some cercariae have narrow tails, 

with or without fins, and others have mag- 
nacercous, even zygocercous. 

Pending further study on the life cycles, 
the following two species are tentatively 
placed in the Plagiorchioidea based on the 
features mentioned above. 
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Figures 65-73. 65. Cercaria lanceolata, sp. nov., ventral view showing details of body 

and tail. 66. Same, ventral view of stylet. 67. Same, lateral view showing swimming pos- 

ture. 68. Same, sporocyst. 69. Cercaria opaca, sp. nov., ventral view showing details of 

body and tail. 70. Same, ventral view of stylet. 71. Same, lateral view showing swimming 

posture. 72. Same, living metacercarial cyst. 73. Same, sporocyst. 
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To date, no adequate descriptions have 
been published on marine leptocercous cer- 
cariae which lack stylets. Eight poorly de- 
scribed species are known, probably repre- 
senting larvae of several different families. 
For this reason, a general diagnosis of the 
group is omitted. 

Cercaria nubeculata, sp. nov. 
(Figures 74-76) 

Description: body 0.112-0.122 (0.120) 
long, 0.056-0.071 (0.067) wide at midbody. 
Tail 0.082-0.102 (0.092) long, 0.020 wide 
at base. Oral sucker 0.017-0.026 (0.021) 
long, 0.020-0.023 (0.022 ) wide; mouth sub- 

terminal; prepharynx very short, pharynx 
0.006 in diameter; remainder of digestive 
tract obscured. Acetabulum 0.021-0.023 
(0.022) in diameter, just posterior to mid- 
body. Body covered with rows of spines in 
quincunx pattern except for small bare area 
on oral sucker just anterior, and another on 
ventral surface posterior to oral cavity. Tail 
smooth, with vacuolated parenchyma around 
central core of longitudinal muscle fibers 
resembling duct through tail. Bristles and 
papillae absent. Penetration glands in fore- 
body obscured by dense, granular cysto- 
genous glands and scattered large pigment 
granules. Six gland ducts on each side ex- 
tending anteriorly to open at separate pores 
on dorsal lip. Ducts grouped into a median 
pair passing close to pharynx and dorsal to 
oral sucker, and laterally into 1, 2 and 1 
ducts converging at side of oral sucker and 
curving around it to their individual pores. 
Excretory bladder Y-shaped, anepithelial, 
with arms embracing posterior margin of 
acetabulum. Excretory tubules and flame cells 
obscured by cystogenous glands. Excretory 
pore at junction of body and tail. Develop- 
ment in large, orange-colored sporocysts in 
pericardium and surrounding tissues of host. 
Sporocysts 0.750-1.29 (1.07) long, 0.165- 
0.270 (0.215) wide, containing 200 to 400 

densely packed embryos in all stages of 
development; cuticle thin, smooth; birth 
pore terminal. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 17 of 5,508 snails. 
Locality: Salt marsh, St. Marks Light (type 

locality) and Shell Point, Wakulla County, 

Florida. 
The specific name of this cercaria is taken 

from the Latin nwbeculatus, meaning 
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“cloudy” and “with dark spots,” and de- 
scribes the body. 

This minute larva emerges from the host 
in large numbers at all hours, has a life 
span of about 24 hours and displays no 
phototropisms. Neutral red and Nile blue 
sulfate are only slightly toxic and stain the 
cystogenous glands equally well but show 
no affinity for other structures. 

It swims very much like the xiphidiocer- 
cariae with body inverted, ventrally flexed 
and the tail lashing from side to side in a 
figure 8 manner. Swimming is interrupted 
by rest periods and after several hours, the 
larvae settle to the bottom and lie motion- 
less between periods of creeping over the 
substrate with the aid of the suckers. 

One new species of non-ocellate, pharyn- 
geate, magnacercous cercaria was found in 
the present investigation. 

Cercaria ingentis, Sp. NOV. 
(Figures 77-82 ) 

Description: body 0.250-0.281 (0.265) 
long, 0.071-0.087 (0.081) in maximum 

width. Tail magnacercous, 0.810-0.960 
(0.884) long, gradually enlarging from base 
for about 2/5 its length to a maximum 
width of 0.204-0.235 (0.221), then be- 
coming abruptly narrower and _ tapering 
gradually to tip. Oral sucker 0.031-0.040 
(0.035) long, 0.023-0.029 (0.025) wide; 

mouth subterminal; prepharynx very short; 
pharynx spherical, 0.012 in diameter; re- 
mainder of digestive system not apparent. 
Acetabulum 0.026-0.031 (0.029) in diam- 
eter, just anterior to midbody. Body covered 
with widely spaced spines in quincunx ar- 
rangement (Figure 80); cuticle of tail 

smooth; papillae and bristles absent. Two 
groups of penetration glands on each side 
between ganglia and acetabulum; three large 
distinct, overlapping glands in lateral group 
anterolateral to acetabulum with a bundle 
of 3 ducts passing anteriorly in lateral re- 
gion of forebody and discharging through 
inividual pores on the dorsal lip; second 
group of 2 small, indistinct glands medial 
to the first group, just anterior to genital 
primordium, with poorly defined ducts pass- 
ing anteriorly close to midline and dorsally 
to oral sucker to open at minute pores on 
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Figures 74-76. 74. Cercaria nubeculata, sp. nov., ventral view. 75. Same, lateral view 

showing swimming posture. 76. Same, sporocyst. 
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dorsal lip, medial to the pores of larger 
glands. Excretory bladder Y-shaped, its 
wall with a single layer of flattened cells; 
arms short, embracing acetabulum posterior- 
ly and laterally. Excretory pore at junction 
of body and tail. Anterior and posterior 
collecting tubules forming short main col- 
lecting tubule which joins bladder laterally 
at base of each arm. Genital primordium a 
small sphere of nuclei at anterior margin 
of acetabulum. Eyespots absent; cerebral 
ganglia and commissure just posterior to 
pharynx. Body filled with dense, granular 
cystogenous cells posterior to cerebral gang- 
lia. Proximal half of tail filled with small 
cells and dense, brown, pigment granules, 
distal half with clear, vacuolated paren- 
chyma. Entire tail with small superficial 
gland cells apparently opening to surface 
through minute individual ducts (Figure 
81). Muscle fibers distinct in tail near body 
junction. Development in large, orange- 
brown sporocysts in the branchial region of 
host. Sporocysts 0.750-1.575 (1.188) long, 
0.255-0.375 (0.324) wide, each containing 
30 to 35 embryos, in all stages of develop- 
ment; birth pore terminal. 

Host: Cerithidea scalariformis Say 
Incidence of infection: 3 of 5,508 snails. 
Locality: Salt marsh, St. Marks Light (type 

locality) and Shell Point, Wakulla County, 
Florida. 

The specific name of this cercaria is taken 
from the Latin imgentis, meaning “remark- 
able” or “great”. 

This cercaria emerges in small numbers 
when the host has been dried prior to iso- 
lation. The life span is about 18 hours; no 
phototropisms were observed. Neutral red 
is Only slightly toxic and readily stains the 
cystogenous glands. Nile blue sulfate is 
mildly toxic and stains the cystogenous 
glands, penetration glands and ducts, and 
cephalic ganglia. 

During swimming, the larva is nearly 
horizontal with the body slightly lower than 
the tail and flexed ventrally. The tail is 
held straight with the distal half lashing 
slowly in all directions. At rest, the larva 
is suspended in the water (Figure 79) with 
the body downward and rhythmically elon- 
gating and contracting. Under coverslip 
pressure, the tail detaches and the body 
creeps about with the aid of the suckers. 

Cercaria ingentis is very closely related to 
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C. buchanani Martin and Gregory, 1951, but 
differs from that species in the number of 
penetration glands, length of the prephar- 
ynx, absence of papillae on acetabulum and 
non-aggregating behavior. 

This new species does not fit the general 
diagnosis of magnacercous opisthorchioids 
in lacking eyespots, and having a _ well- 
developed pharynx and a Y-shaped excretory 
bladder. 

H. Monorchitd Cercariae 

Cercariae of the family Monorchiidae are 
a relatively obscure group concerning which 
little work has been done. The investiga- 
tions of Martin (1940), Young (1953) and 
Cable (1956a) are the principal contribu- 
tions. Two species are reported in the pres- 
ent study, C. caritbbea XXXVI Cable, 1956, 
and C. pocillator, sp. nov. 

A general diagnosis of monorchiid cer- 
cariae, abstracted from Cable (1956a), fol- 
lows: 

Distomate, pharyngeate cercariae with 
spinose cuticle, developing in sporocysts in 
marine lamellibranchs. Tail variable: long 
and slender with cuticular extensions, re- 
duced or possibly lacking. Eyespots present 
in larvae with well developed tails, absent 
in others; stylet absent, penetration glands 
present. Excretory bladder saccate or tubu- 
lar, thick walled. Flame cell formula, where 
known, 2 [(2+2) + (2+2)]} = 16. Encyst- 
ment, where known, in invertebrates, par- 

ticularly mollusks. Adults in intestines of 
marine fishes. 

Cercaria caribhea XXXVI Cable, 1956 
(Figures 83-85 ) 

Description: body 0.249-0.301 (0.276) 
long, 0.066-0.092 (0.078) wide at midbody. 
Tail a tiny knob, 0.009-0.010 in diameter. 
Oral sucker 0.041-0.046 (0.044) long, 0.046- 
0.051 (0.048) wide; mouth subterminal; 
prepharynx 0.008-0.026 (0.020) long, sinu- 
ous, with longitudinal muscles; pharynx 
0.023-0.028 (0.025) long, 0.025-0.029 
(0.027) wide; esophagus thick walled, short, 
bifurcating about half way between pharynx 
and acetabulum; ceca relatively thick walled, 
sinuous, extending almost to posterior end 
of body. Acetabulum 0.041-0.049 (0.046) 
in diameter, located at midbody. Cuticle of 
body spinose with bristles set in papillae 
scattered over cephalic end; tail smooth. 
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Figures 77-82. 77. Cercaria ingentis, sp. nov., ventral view showing pigmentation and 
glandular nature of tail. 78. Same, ventral view of cercarial body. 79. Same, lateral view 
showing resting posture. 80. Same, surface of body showing arrangement of spines. 
81. Same, surface of tail showing unicellular gland and duct through cuticle. 82. Same, 
sporocyst. 
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Undetermined number of small, granular 
penetration glands on each side at level of 
prepharynx, with indistinct ducts passing 
laterally and dorsally to oral sucker to open 
at indistinct pores on dorsal lip. Large ir- 
regular cystogenous cells with granular 
cystoplasm scattered through body paren- 
chyma. Excretory bladder I-shaped with 
thick wall of small, sperical cells, reaching 
almost to acetabulum and displaced to one 
side by genital primordium. Main excretory 
tubules ciliated, joining bladder laterally, an- 
terior to its midlevel and extending almost 
to midlevel of acetabulum where each 
receives anterior and posterior collecting 
tubule. Flame cell formula 2 [(2172) + 
(2+2)}=16. Duct of bladder with small 
sphincter, and pore at junction of body and 
tail. Genital primordium large, immediate- 
ly posterior to acetabulum. Development in 
cream colored sporocysts in gonad of host. 
Sporocysts 0.255-0.638 (0.418) long, 0.087- 
0.097 (0.094) wide, containing 4 to 5 
loosely packed embryos in various stages of 
development; cuticle rough; birth pore not 
observed. 

Host: Chione cancellata Linné 

Incidence of infection: 16 of 120 clams. 

Locality: Bay mouth sand bar, Alligator 
Harbor, Franklin County, Florida. 

These cercariae emerge from the gonad of 
the host, and from cysts which are ejected 
from the clam through the excurrent siphon. 
They measure 0.087-0.097 (0.094) in di- 
ameter, and appear as minute whitish 
spheres stuck together in bunches by the 
gelatinous outer covering which is thick and 
granular; inner cyst layer thin, membranous 
(Figure 84). Ciliated ducts and flame cells 
of larvae visible in cysts. 

The description of this cercaria is based 
on larvae teased from sporocysts and only 
the largest and presumably fully developed 
ones were used. Such carcariae are active 
and creep about on the bottom of the dish. 

Neutral red, only slightly toxic, stains the 
cystogenous glands. Nile blue sulfate stains 
the penetration glands and stimulates encyst- 
ment, but apparently is not toxic. 

The present study records a new host and 
locality record for Cercaria caribbea XXXVI 
which Cable (1956a) described from Gem- 
ma purpurea in Puerto Rico. He observed 
that the species did not emerge but he 
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failed to note its encystment in the mollusk, 
or the genital primordium. 

Cercarta pocillator, sp. nov. 
( Figures 86-88 ) 

Description: body 0.286-0.316 (0.308) 
long, 0.061-0.077 (0.068) wide at level of 
acetabulum. Tail composed of cup-like basal 
segment containing glandular, protrusible 
portion, and measuring 0.034-0.046 (0.040) 
long by 0.034-0.046 (0.038) wide when 
contained portion is retracted (Figure 87); 
with glandular portion extended, tail meas- 
ures 0.071-0.079 (0.074) long (Figure 86). 
Oral sucker 0.041-0.048 (0.045) long, 0.037- 
0.043 (0.040) wide; mouth subterminal; 

prepharynx 0.013-0.017 (0.016) long; phar- 
ynx 0.020-0.021 (0.020) long, 0.015-0.016 

(0.015) wide; esophagus  0.035-0.044 
(0.040) long, bifurcating about midway be- 
tween pharynx and acetabulum; ceca nar- 
row, containing few small oval concretions 
and extending to midlevel of excretory 
vesicle. Acetabulum at midbody, 0.038- 
0.044 (0.041) long, 0.037-0.043 (0.039) 
wide, with several rows of minute spines 
bordering cavity. Body with parallel rows 
of spines; those of tail restricted to cup-like 
portion; bristles and papillae absent. Pene- 
tration glands of 2 types: one group of 3 
large, granular, overlapping glands on each 
side along lateral and anterolateral margins 
of acetabulum, with ducts extending an- 
teriorly close to esophagus and pharynx, 
passing dorsal to oral sucker and opening 
at 3 submedian pores forming triangle on 
the dorsal lip; glands of second type poorly 
defined, finely granular, grouped on each 
side between levels of eyespots and cecal bi- 
furcation with 2 groups of poorly defined 
ducts passing laterally and dorsally over oral 
sucker to indistinct pores on dorsal lip. Ex- 
cretory bladder elongate, oval, thick walled, 
extending about half way to acetabulum 
with wall of large, irregularly shaped cells; 
excretory pore at junction of body and tail. 
Main excretory ducts ciliated, joining blad- 
der anterolaterally and extending to mid- 
level of acetabulum where each receives an- 
terior and posterior collecting tubule. Flame 
cell formula 2{(2+2) + (2+2)]}] = 16. 
Cephalic ganglia and cross commissure at 
level of prepharynx. Eyespots on each side 
of pharynx, rectangular, 0.009 long and 
0.010 wide, composed of spherical brown 
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Figures 83-88. 83. Cercaria caribbea XXXVI Cable, 1956, ventral view showing details 
of body. 84. Same, living metacerearial cysts. 85. Same, sporocyst. 86. Cercaria pocil- 
lator, sp. nov., ventral view showing details of body and tail. 87. Same, ventral view 
showing tail stem with glandular core retracted. 88. Same, sporocyst. 
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granules. Body filled with indistinct cysto- 
genous cells. Distal segment of tail stem 
with many small, fusiform glandular cells 
perpendicular to its surface. Development 
in cream colored, elongate sporocysts in gon- 
ad and liver of host. Sporocyst 0.525-0.960 
(0.749) long, 0.150-0.270 (0.216) wide; 
cuticle smooth, birth pore terminal; contain- 
ing 14 to 22 embryos, in all stages of de- 
velopment. 

Host: Donax variabilis Say 
Incidence of infection: 5 of 1,763 clams. 

Locality: Gulf beach, Alligator Point, 
Franklin County, Florida. 

The specific name of this cercaria is taken 
from the Latin pocillator, meaning “bearer 
of a cup” and refers to the shape of the tail. 

Because this cercaria was not observed to 
emerge spontaneously, it is described from 
specimens dissected from the clam and se- 
lected for their apparent complete develop- 
ment. No swimming movements were ob- 
served but the larva lies on the bottom 
writhing, twisting and creeping with mo- 
mentary rest periods during which the body 
is flexed ventrally. The life span of larvae 
removed from the sporocyst is about 24 
hours. 

Neutral red is toxic; it stains the large 
penetration glands, their ducts, the contents 
of the ceca, and cells of the excretory blad- 
der. Neutral red also stimulates the glands 
of the tail stem to secrete an adhesive sub- 
stance whereby the larva adheres to the ves- 
sel and is difficult to dislodge. Nile blue 
sulfate is not toxic; it stains the cephalic 

ganglia, large penetration glands, their ducts, 
cells of the excretory bladder; and it stimu- 
lates flame cell activity. 

Cercaria pocillator resembles most C. 
choanura Hopkins, 1958, in Donax vari- 
abilis from Mustang Island, Texas. It dif- 
fers from that species in having diffuse 
as well as distinct penetration glands, long 
ceca, and by lacking a genital primordi- 
um. Hopkins did not describe features of 
the excretory system other than the bladder. 
C. pocillator may encyst in the first inter- 
mediate host, as reported by Hopkins for 
C. choanura, but this writer observed no 

cysts in the infected clams. The adult of 
C. pocillator probably occurs in mollusk- 
eating fishes. 
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I. Allocreadioid Cercariae 

Life history studies have shown that trem- 
atodes assigned to the family Allocreadiidae 
by some workers have at least three types of 
cercariae (leptocercous, cotylocercous, xi- 

phidiocercariae). For that reason, others 
have recognized separate families for the 
adults of each type of cercaria and combined 
them in the superfamily Allocreadioidea. 
One such family is the Opecoelidae in which 
the cercariae are of the type characterized in 
the following general diagnosis which ap- 
plies to two species found in the present 
study: 

Non-ocellate distome cercariae with aspi- 
nose cuticle and a stylet set vertically in 
the anterior wall of the oral sucker. Cuticle 
thick, with bristles set in papillae. Tail an 
adhesive organ; usually short and either cup- 
like with glandular walls or with a glandular 
core that may be protrusible; less often, tail 
longer, rarely exceeding body in length and 
then with a non-protrusible core of glands 
at distal end only. Number of penetration 
glands variable; their ducts in one or two 
bundles on each side, opening near tip of 
stylet. Excretory bladder with thick wall 
composed of large, granular cells. Excretory 
pores lateral at junction of body and tail. 
Flame cell formula of marine species, where 
known 2 [(2+2) + (2+2)}=16. -Devel- 
opment in sporocysts in prosobranch gastro- 
pods and encystment commonly in crusta- 
ceans. Adults in the Opecoelidae, a family 
of trematodes occurring in both marine and 
fresh water fishes. 

Cercarta contorta, Sp. nov. 
(Figures 89-91) 

Description: body 0.179-0209 (0.191) 
long, 0.036-0.046 (0.040) wide at midlevel. 
Tail 0.066-0.076 (0.069) long, 0.018-0.021 
(0.019) wide at base. Oral sucker 0.029- 
0.033 (0.031) long, 0.024-0.029 (0.026) 
wide; mouth subterminal, surrounded by 
band of minute scales or spines; prepharynx 
indistinct; pharynx difficult to see at pos- 
terior level of ganglionic commissure about 
half way between oral sucker and acetabu- 
lum; remainder of digestive tract not evi- 
dent. Stylet in anterior wall of oral sucker, 
0.006 long and 0.003 wide; not curved 
dorsoventrally; with two short points. Ace- 
tabulum 0.024-0.029 (0.026) long, 0.023- 
0.024 (0.023) wide, posterior to midbody; 
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a band of minute scales or spines around 
acetabular cavity. Body and tail aspinose; 
bristles set in papillae scattered over an- 
terior 2/3 of body, denser on cephalic end. 
Three overlapping, granular penetration 
glands on each side between levels of phar- 
ynx and acetabulum; their ducts extending 
anteriorly and dorsal to oral sucker to open 
at pores near tip of stylet; ducts and pores 
of middle and ventral glands medial to those 
of dorsal gland. Excretory bladder volum- 
inous, extending about 3/4 distance from 
posterior end to acetabulum; with thick wall 
of large, irregular, granular cells; with short 
duct to lateral pores in body-tail furrow. 
Main excretory tubules joining anterolateral 
margins of bladder, extending to level of 
acetabulum where each receives anterior and 
posterior collecting tubule. Proximal end of 
anterior collecting tubule ciliated. Flame cell 
formulae 2 (22) (22) | 16. ie: 
phalic ganglia and large commissure very 
distinct, overlapping anterior margin of 
pharynx. Two genital primordia present, 
the larger along anterior margin of acetabu- 
lum and smaller one posterior to pharynx. 
Body filled with indistinct cystogenous cells. 
Tail filled with vacuolated parenchyma; ex- 

panded cup-like tip enclosing protrusible 
core of longitudinal fusiform gland cells. 
Development in orange, granular sporocysts 
in liver of host. Sporocysts 0.306-0.490 
(0.389) long, 0.102-0.173 (0.135) wide, 
containing 15 to 20 embryos in all stages 
of development; cuticle thin, smooth; 4 
flame cells observed in equatorial region; 
birth pore not apparent. 

Host: Anachis obesa C. B. Adams (type 
host), and Mtrella lunata Say 

Incidence of infection: 21 of 268 Anachis 
obesa; one of one Mitrella lunata. 

Locality: Mud Cove, Alligator Point, 
Franklin County, Florida. 

The specific name of this cercaria is taken 
from the Latin contortus, meaning “twisted”, 
and refers to the characteristic movements 
of this species. 

The larva emerges at all hours in large 
numbers, has a life span of about 36 hours, 
and shows no phototropisms. Neutral red is 
non-toxic and readily stains the penetration 
glands and the adhesive glands in the tail. 
Nile blue sulfate is relatively non-toxic and 
stains cephalic ganglia, and the same features 
as neutral red. 
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It does not swim, but attaches to the sub- 
strate by means of the adhesive glands in the 
tail tip and either stands erect or lies on its 
side and contracts ventrally, rolling into a 
spring-like coil. It has also been observed 
to contract and contort violently as if trying 
to tie itself in a knot. The tail can contract 
to about 1/2 its extended length, the body 
to about 1/3. When creeping by means of 
the suckers, the tail length does not change 
appreciably. 

This species resembles most the larval 
form of Opecoeloides manteri described by 
Hunninen and Cable (1941), but is smaller 
and has body papillae, and a ciliated anterior 
collecting tubule. Hunninen and Cable 
(1943a) observed such cilia in the larva of 
Podocotyle atomon, another closely related 
form. 

Cercarta paradoxa, sp. nov. 

( Figures 92-97 ) 

Description: body 0.214-0.240 (0.227) 
long, 0.038-0.047 (0.042) wide at midlevel. 
Tail 0.347-0.530 (0.424) long, 0.014-0.016 
(0.015) wide at base. Oral sucker 0.029- 
0.031 (0.030) long, 0.022-0.025 (0.024) 
wide; mouth subterminal, surrounded by 
several rows of minute scales or spines; re- 
mainder of digestive tract not apparent. 
Stylet in anterior wall of oral sucker, 0.010 
long, 0.006 wide, with two short points; 
not curved dorso-ventrally; its body circular 
in cross-section. Acetabulum 0.025-0.029 
(0.027) long, 0.023-0.025 (0.023) wide, 
slightly posterior to midbody; about 6 rows 
of minute scales or spines around cavity of 
acetabulum. Body and tail surfaces aspi- 
nose; short bristles set in papillae just an- 
terior to midlevel of excretory bladder, at 
anterior level of penetration glands, and on 
cephalic end. Tip of tail with few minute 
bristles. Four overlapping penetration glands 
on each side, in posterior 1/3 of forebody, 

with ducts extending anteriorly to open at 
individual pores on dorsal lip near tip of 
stylet. Dorsal and ventral glands coarsely 
granular, staining darkly with neutral red, 
their ducts and pores medial to those of the 
middle two glands which are finely granular 
and stain darkly with Nile blue sulfate. Ex- 
cretory bladder voluminous, with thick wall 

composed of large irregularly-shaped cells 

occupying most of body posterior to ace- 
tabulum; with short duct to lateral pores in 
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Figures 89-97. 89. Cercaria contorta, sp. nov., ventral view showing details of body and 

tail. 90. Same, ventral view of stylet. 91. Same, sporocyst. 92. Cercaria paradoxa, sp. 

nov., ventral view showing details of tail. 93. Same, ventral view of cercarial body. 94. 

Same, lateral view showing extended resting posture. 95. Same, ventral view of stylet. 

96. Same, lateral view of stylet. 97. Same, sporocyst. 
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body-tail furrow. Main excretory tubules 
ciliated, joining anterolateral margins of 
bladder, extending to midlevel of acetabu- 
lum where each receives anterior and pos- 
terior collecting tubule; their distal por- 
tions obscured. Four pairs of flame cells on 
each side; formula probably 2 [(2+2) + 
(2+2)}—=16. Genital primordium at an- 
terior margin of acetabulum, stained by 
neutral red. Body filled with oval, granular 
cystogenous cells. Tail filled with vacuolated 
parencyhma, distal portion slightly swollen, 
containing group of granular gland cells, 
secreting adhesive substance at tip of tail. 
Development in motile, whitish sporocysts 
in gonad and liver of host. Sporocysts 0.510- 
0.705 (0.588) long, 0.150-0.225 (0.180) 
wide, cuticle smooth; birth pore terminal, 
surrounded by minute bristles. About 20 
embryos, in all stages of development, per 
sporocyst. 

Host: Anachis translirata Ravenel 
Incidence of mfection: 1 of 5 snails. 
Locality: Apalachee Bay, off St. Marks 

Light, Wakulla County, Florida. 
The specific name of this cercaria is taken 

from the Latin paradoxus, meaning “strange” 
or “contrary to expectation”, and refers to 
the unusual tail structure for a larva of this 
type. 

This species emerges at any hour, has a 
life span of about 24 hours and displays no 
phototropisms. Neutral red is non-toxic and 
stains the genital primordium and dorsal 
and ventral penetration glands. Nile blue 
sulfate is non-toxic and stains middle sets 
of penetration glands. 

Being unable to swim, the larva never- 
theless displays unusual behavior. At rest, 
it lies on its side on the bottom with the 
tail greatly extended (Figure 94). If the 
vessel is tapped, the larva contracts quickly 
and coils ventrally. It responds to stirring 
of the water also by immediate contraction 
but then slowly relaxes and becomes elon- 
gated as it is carried around by the water 
current. Rapid contraction and relaxation 
with coiling and uncoiling also occur spon- 
taneously as does creeping with the aid of 
the suckers. The tip of the tail attaches to 
the substrate with a weak adhesive secreted 
by the caudal glands. 

Cercaria paradoxa does not closely resem- 
ble any other known marine opecoelid larva 
in having the combined features of 4 pairs 
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of penetration glands, a two-pointed stylet, 
and the unusually long tail. 

J. Opisthorchtoid Cercariae 

Three new species of pleurolophocercous 
cercariae were found in the present investi- 
gation. All resemble closely larvae in the 
families Opisthorchiidae and Heterophyidae. 
The term “pleurolophocercous” was intro- 
duced by Sewell (1922) for biocellate, 
monostome cercariae having well developed 
caudal finfolds. 

Pleurolophocercous cercariae have been 
studied extensively and many life histories 
have been elucidated, including several in 
which man may harbor the adult stage. The 
following general diagnosis of the cercarial 
type is abstracted from Cable (1956a): 

Biocellate cercariae, with acetabulum em- 
bryonic or absent. Oral sucker a protrusible 
penetration organ generally having spines on 
the dorsal lip. Tail long, with dorsal, ven- 
tral, and sometimes lateral finfolds. Pene- 

tration glands usually 7 pairs, with ducts 
usually opening at 4 groups of pores in crypt 
dorsal to mouth. Pharynx present or rudi- 
mentary, remainder of digestive system un- 
developed. Excretory bladder thick walled 
and granular; empirical flame cell formula, 
where known, usually 2 {(n +n) + (n+n)} 
or 2[(n+tnt+n) + (ntntn)}. Develop- 
ment in simple rediae in prosobranch gastro- 
pods; encystment generally in fishes; adults 
in piscivorous vertebrates. 

Cercarta cursitans, Sp. NOV. 
( Figures 98-102 ) 

Description: body 0.107-0.138 (0.123) 
long, 0.056-0.077 (0.065) wide at midlevel. 
Tail attached subterminally; excluding fin- 
folds, measuring 0.326-0.372 (0.351) long, 
0.015-0.020 (0.016) wide at base; proximal 
end of tail with plicated lateral finfolds 
0.138-0.153 (0.144) long, 0.015 wide. Dis- 
tal portion of tail with plicated dorsal fin- 
fold, 0.250-0.286 (0.270) long, 0.021 wide, 
continuous around tip of tail with similar 
ventral finfold, 0.230-0.245 (0.235) long, 
0.018 wide. Oral sucker 0.025-0.030 (0.028) 
long, 0.020-0.023 (0.021) wide, its dorsal 

lip with anterior row of 7 spines and pos- 
terior row of 6. Mouth transversely oval, 

small, subterminal; oral cavity flask-shaped; 
prepharynx not observed; pharynx small, 

well developed, somewhat over 1/3 body 
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Figures 98-102. 98. Cercaria cursitans, sp. Nov., dorsal view showing details of tail stem 

and finolds. 99. Same, ventral view of cercarial body. 100. Same, ventral view of cephal- 

ic end showing arrangement of spines in oral crypt. 101. Cercaria cursitans, sp. Nov., 

Cercaria vivata, sp. nov., and Cercaria coruscantis, typical resting postures. 102. Cer- 

caria cursitans, sp. nov., redia. 
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length from anterior end; remainder of di- 
gestive system not observed. Acetabulum 
undeveloped. Entire body with minute 
spines forming parallel transverse rows; tail 
stem smooth. Posterior 3/4 body with scat- 
tered, long, stiff bristles and short, curved 
ones; papillae absent. Seven large penetra- 
tion glands on each side, 4 lateral, 3 medial, 
between pharyngeal level and excretory 
bladder. Gland ducts in single bundle on 
each side, passing close to pharynx, then in 
sinuous path to side of oral sucker and 
dorsally over it to open in crypt above mouth 
through pores in groups of 3, 4, 4, 3. Ex- 
cretory bladder transversely oval, with thick 
granular wall; main excretory tubules join- 
ing bladder at its anterolateral margins, ex- 
tending anteriorly a short distance beyond 
which they and collecting tubules are ob- 
scured by cystogenous glands; 12 flame cells 
on each side, their formula probably being 
Baca) (24 2 2) 24. Excre: 
tory pore at body-tail junction. Genital 
primordium a crescent of cells just anterior 
to excretory bladder. Eyespots well sepa- 
rated, about midway between oral sucker and 
penetration glands, cuboid, 0.007 > 0.007, 
composed of spherical brown granules. Cer- 
ebral ganglia and commissure between eye- 
spots. Body filled with cystogenous glands, 
less distinct in anterior half. Development 
in smooth, whitish rediae in liver of host 
and measuring 0.418-0.724 (0.560) long, 
0.092-0.133 (0.111) wide; pharynx small; 

cecum short, extending to level of birth 

pore; cuticle thin, birth pore near anterior 
end. Twelve to 25 embryos per redia, in 
all stages of development. 

Host: Cerithidea scalariformis Say 
Incidence of imfection: 1,017 of 5,508 

snails. 
Locality: Salt marsh, St. Marks Light (type 

locality ), and Shell Point, Wakulla County, 
Florida. 

The specific name of this cercaria is taken 
from the Latin cursitans, meaning “running 
about”, and refers to the swimming move- 
ments of the larva. 

This species emerges in large numbers at 
any hour, lives about 24 hours, and is posi- 
tively phototropic. Neutral red, which is 
non-toxic, stains the cystogenous glands and 
genital primordium. Nile blue sulfate is 
toxic, and both dyes stain the penetration 
glands equally well. 
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This cercaria is a strong but intermittent 
swimmer, moving in an erratic, zig-zag path- 
way as the tail lashes rapidly. Swimming 
periods of 2-3 seconds alternate with rest 
periods of 2-10 seconds, with the body 
downward and slightly flexed ventrally, and 
the sigmoid tail above (Figure 101). At 
rest, the body-tail length ratio is about 1:3; 
with the body extended, about 1:2. Resting 
cercariae swim when disturbed. 

This species resembles most the cercaria 
of Parastictodora hancockt Martin, 1950, 
but differs from it in respects given in the 
following summary: 

Cerearia of 
Parastictodora hancocki 

Martin, 1950 

Oral crypt with 3 rows 
of spines ; 5 in first 

row, 5-6 in second row, 
6-8 in third row. 

Eyespot shape not 
described ; figures show 

eyespots irregular. 

Cercaria cursitans, 
sp. noy. 

Oral crypt with 2 rows 
of spines ; 6 in first 
row, 7 in second row. 

Eyespots cuboidal. 

Other larvae less similar to C. cursttans but 

much like it are cercaria of Ewhaplorchis 

californiensis Martin, 1950, and Cercaria 

caribbea X Cable, 1956. 

Cercaria vivata, sp. nov. 
(Figures 103-105 ) 

Description: body 0.148-0.158 (0.151) 

long, 0.077-0.081 (0.079) wide at midlevel. 

Tail attached subterminally; excluding fin- 

folds, measuring 0.367-0.413 (0.398) long, 

0.021-0.022 (0.022) wide at base; proximal 

end of tail with plicated lateral finfolds, 

0.117-0.128 (0.122) long, 0.014-0.016 

(0.015) wide. Distal portion of tail with 

plicated dorsal finfold, 0.291-0.316 (0.303) 

long, 0.015-0.016 (0.016) wide, continuous 

around tip of tail with similar ventral fin- 

fold, 0.179-0.199 (0.187) long, 0.013-0.014 

(0.013) wide. Oral sucker 0.026-0.029 

(0.028) long, 0.023-0.024 (0.024) wide; 

its structure as in preceding species except 

spines on dorsal lip apparently lacking 

and mouth circular. Prepharynx not ob- 

served: pharynx small, well developed, about 

2/5 body length from anterior end, 0.008 

in diameter; remainder of digestive system 

not observed. Acetabulum undeveloped. 

Body covered with minute spines and en- 

circled by about 5 irregular rows of long 

bristles, 2 rows on anterior half of body and 

3 on posterior half; papillae absent; cuticle 

of tail smooth. Seven large, overlapping 
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penetration glands on each side, 5 lateral 
and 2 medial, between level of pharynx 
and midlevel of excretory bladder; their 
ducts in single bundle on each side, close 
to midline, passing dorsally over oral sucker 
to open through pores grouped 3, 4, 4, 3 
in crypt above mouth. Excretory bladder 
transversely oval to V-shaped, with thick, 
granular wall; excretory pore at body-tail 
junction. Main excretory tubules joining 
anterolateral tips of bladder, but after ex- 
tending anteriorly a short distance, becom- 
ing obscured by cystogenous glands as are 
other excretory tubules. Twelve flame cells 
on each side, their formula probably 
2 ( 242-2) ata aie? 2) b= 4 Genital 
primordium a globular mass of nuclei just 
anterior to excretory bladder. Eyespots mid- 
way between oral sucker and pharynx, cu- 
boid, measuring 0.007 > 0.007, composed 
of brown granules. Similar pigment gran- 
ules throughout body posterior to eyespots, 
giving larva brown appearance under low 
magnification (10X). Cerebral ganglia and 
commissure just posterior to level of eye- 
spots. Body filled with finely granular cysto- 
genous cells. Development in yellow-brown 
rediae in liver of host. Rediae 0.357-0.561 
(0.476) long, 0.077-0.122 (0.095) wide; 
containing 10 to 20 embryos in all stages 
of development; cuticle thin, with minute 

bristles at cephalic end; pharynx small; 
cecum indistinct, short, extending to level 
of birth pore. Body wall with scattered fat- 
like globules and lateral birth pore near an- 
terior end. Excretory network confined to 
anterior half of body; flame cell formula 
ZAKS Dit iG) ale 

Host: Cerithidea scalariformis Say 
Incidence of infection: 24 of 5,508 snails. 
Locality: Salt Marsh, St. Marks Light (type 

locality) and Shell Point, Wakulla County, 
Florida. 

The specific name of this cercaria is taken 
from the Latin vivatus, meaning “vigorous” 
or “animated” and refers to the swimming 
activity of this species. 

Emergence, life span and behavior of this 

larva are very similar to those of the pre- 

ceding species. The penetration glands stain 

darkly with neutral red which is non-toxic. 

Nile blue sulfate is very toxic; it stains the 
penetration glands and the cephalic ganglia 
quickly. 

This species resembles Cercaria cartbbea 
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X Cable, 1956, but differs from it in re- 
spects summarized as follows: 

Cercaria caribbea X 
Cable, 1956 

Six spines in oral crypt. 

Dorsal and ventral 
caudal fins equal, about 

0.114 long. 

Body pigment absent. 

Eyespots cuboid, 
0.009 X 0.009 

Cercaria vivata, 
sp. nov. 

Oral crypt unarmed. 

Dorsal caudal fin 0.291- 
0.316 long; ventral fin 

0.179-0.199 long. 

Body pigment present. 

Eyespots cuboid, 
0.007 X 0.007 

Other similar species include the cercariae 
of Parastictodora hancocki Martin, 1950, and 
Euhaplorchis californiensts Martin. 1950. 

Cercaria coruscantis, Sp. NOV. 

(Figures 106-108 ) 

Description: body 0.106-0.129 (0.117) 
long, 0.049-0.056 (0.053) wide at midlevel. 
Tail attached subterminally; excluding fin- 
folds, measuring 0.270-0.316 (0.297) long, 
0.017-0.018 (0.018) wide at base; proximal 
end of tail with plicated lateral finfolds, 
0.112-0.132 (0.121) long, 0.009-0.010 
(0.009) wide. Distal portion of tail with 
plicated dorsal finfold, 0.158-0.173 (0.165) 
long, 0.007 wide, continuous around tip of 
tail with similar ventral finfold, 0.138- 
0.158 (0.149) long, 0.007 wide. Oral 
sucker 0.023-0.025 (0.024) long, 0.017- 
0.018 (0.018) wide; its dorsal lip without 

evident spines; mouth circular, subterminal; 
oral cavity flask-shaped; prepharynx not ob- 
served; pharynx embryonic, about midway 
between oral sucker and excretory bladder; 
remainder of digestive system not observed. 
Acetabulum undeveloped. Minute cuticular 
spines on anterior third of body; entire 
surface posterior to oral sucker with scat- 
tered long, stiff bristles and short ones; 
papillae absent; cuticle of tail smooth. Sev- 
en large, granular penetration glands on 
each side between level of pharyngeal pri- 
mordium and posterior end of body, ar- 
ranged as shown in Figure 107; their ducts 
wide, in single bundle on each side close to 
midline and passing dorsolaterally over oral 

sucker to open dorsally in oral crypt at pores 

in groups of 3, 4, 4, 3. Excretory bladder 
inverted U-shaped, with thick wall; its pore 

at body-tail junction. Main excretory tubules 

joining anterolateral margins of bladder, ex- 

tending from bladder to level of genital 

primordium where each receives long an- 

terior and short posterior collecting tubule. 
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Flame cell formula 2 [(2+2) + (2+2)} = 

16. Genital primordium an oval mass of 
nuclei just anterior to excretory bladder. 
Irregularly oval eyespots of brown granules 

at level of pharyngeal primordium, measur- 

ing about 0.007 0.007. Similar pigment 
granules in body posterior to eyespots, con- 
centrated in lateral regions. Cerebral ganglia 
and commissure at level just anterior to eye- 
spots. Body filled with indistinct cysto- 
genous cells, those posterior to eyespots 
staining most intensely with neutral red or 
Nile blue sulfate. Development in whitish, 
granular rediae in liver and gonad of host. 
Rediae 0.408 -0.673 (0.559) long, 0.061- 
0.107 (0.088) wide, containing 10 to 15 
embryos in various stages of development; 
cuticle thin, with minute bristles near mouth. 
Pharynx small; cecum short, extending only 
slightly beyond level of birth pore. 

Host: Cerithidea scalariformts Say 

Incidence of infection: 389 of 5,508 snails. 

Locality: Salt marsh, St. Marks Light (type 
locality) and Shell Point, Wakulla County, 
Florida. 

The specific name of this cercaria is taken 
from the Latin corwscantis, meaning “vibrat- 
ing” and refers to the swimming movements. 

Emergence, life span, and behavior of this 
larva are very similar to those of C. cursitans 
and C. vivata. Neutral red is not toxic and 
stains the genital primordium. Nile blue 
sulfate is very toxic and stains the cephalic 
ganglia. The penetration glands are stained 
equally well with both dyes. The resting 
cercaria has a body-tail ratio of about 1:2.5 
and the body can be extended until the ratio 
is about 1:1.5. 

This larva is most closely related to Cer- 
carta caribbea X Cable, 1956, and the cer- 
caria of Euhaplorchis californiensis Martin, 
1950, but differs from them in respects sum- 
marized as follows: 

Cerearia of 
Cercaria Buhaplorehis Cercaria 

caribbea X californiensis coruscantis 
Cable, 1956 Martin, 1950 sp. nov. 

Oral crypt 
unarmed. 

Anterior 1/3 of 

Six spines in 
oral crypt. 

Entire body 

Five spines in 
oral crypt. 

Entire body 
Spinose. spinose. body spinose. 

Excretory Excretory Excretory 
bladder bladder bladder 
slightly transversely inverted 

U-shaped. oval. U-shaped. 

Pharynx Pharynx Pharynx 
developed. developed. embryonic. 
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K. “Hemiuroid” Cercaria 

One remarkable new cercaria of uncer- 
tain family position was found in the pres- 
ent study. It is of the type of Cercarta carib- 
bea XXXIV which Cable (1956a) described 
from Puerto Rico and assigned to the super- 
family Hemiuroidea because the larva re- 
sembled cystophorous cercariae of that group 
in certain respects and seemed to illustrate 
how such cercariae may have been derived 
from a more generalized type. In a recent 
personal communication, Cable has stated 
that his analysis of adults collected in Puerto 
Rico and further studies in the Caribbean 
region, including the discovery of an addi- 
tional species, have raised doubts that such 
cercariae become adults of the superfamily 
Hemiuroidea. In his opinion, determination 
of their status must await solution of the 
life history. Because such information could 
justify the recognition of a distinct family 
for trematodes having such cercariae, a gen- 

eral diagnosis of their type is given: 

Biocellate, distome cercariae with a dis- 

tinctive tail consisting of an enlarged vesic- 
ular basal portion with a long, narrow ap- 
pendage which is an effective swimming 
organ and, in its embryonic development, 
bears the primary excretory pores. Fore- 
body narrow, with cuticular spines and con- 
spicuous cephalic glands with ducts opening 
at anterior end. Hindbody expanded, with 
numerous peculiar masses, perhaps cysto- 
genous glands. Prepharynx long, pharynx 
small, esophagus short, intestinal bifurcation 
near anterior margin of acetabulum; form 
and extent of ceca uncertain but possibly 
filling most of the hindbody not occupied 
by dorsal and ventral parenchymal (muscle? ) 
strands and excretory structures. Excretory 
bladder not reaching posterior margin of 
acetabulum, tubular to saccate, with thick 
wall of columnar cells. Main excretory tu- 
bules join anterolateral margins of bladder 
and extend well into forebody where each 
receives anterior and posterior collecting 
tubules; excretory tubules and flame cells 
coursing in, and supported by dorsal paren- 
chymal strands; flame cells restricted to 
body. Development in simple rediae in ma- 
rine prosobranch gastropods. Further hosts 
unknown. 
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Figures 105-108. 103. Cercaria vivata, sp. nov., dorsal view showing details of tail stem 
and finfolds. 99. Same, ventral view of cercarcarial body. 105. Same, redia. 106. Cer- 
caria coruscantis, sp. nov., dorsal view showing details of tail stem and finfolds. 107. 
Same, ventral view of cercarial body. 108. Same, redia. 
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Cercaria portosacculus, sp. NOV. 

(Figures 109-113) 
Description: body pyriform, 0.209-0.306 

(0.255) long, 0.112-0.148 (0.131) in 
maximum width. Tail stem 0.362-0.388 
(0.376) long, 0.046-0.051 (0.047) wide at 
base to which is attached dorsally a large, 
sac-like structure, 0.138-0.158 (0.147) long, 
0.204-0.224 (0.218) wide, and with a wall 
thickness of 0.150. Oral sucker 0.038-0.047 
(0.044) long, 0.037-0.045 (0.041) wide; 
mouth subterminal; prepharynx not appar- 
ent; pharynx spherical, 0.007-0.012 (0.010) 
in diameter, about 3/4 distance from oral 

sucker to acetabulum; esophagus very short, 
bifurcating just anterior to acetabulum; ceca 
not apparent. Acetabulum at midbody, 
0.043-0.045 (0.044) long, 0.046-0.053 
(0.050) wide, with single row of minute 
spines around opening. Anterior 2/3 of 
body surface spinose; tail surfaces smooth. 
Papillae and setae absent. Body with dorsal 
and ventral tracts of longitudinal paren- 
chymal (muscle?) fibers from which many 
others diverge to internal structures and to 
body wall (Figure 109). Two groups of 
cephalic glands on each side; lateral group 
of 4 large, conspicuous granular glands ex- 
tending from level of eyespots to midlevel 
of acetabulum; an undetermined number of 
small, indistinct glands in a medial group 
just overlapping pharynx. From each lateral 
group, a bundle of 4 ducts extends anteriorly 
near side of body to open at group of pores 
on dorsal lip; medial glands with minute 
ducts passing dorsal to oral sucker and open- 
ing through indistinct pores near those of 
large glands. Excretory bladder I-shaped, 
with wall a single layer of columnar cells, 

its posterior duct disappearing into paren- 
chyma of tail, probably opening through 
lateral pores on stem, as in other “hemiu- 
roids’. Main collecting tubules extending 
in sinuous path to level of medial penetra- 
tion glands where each receives short an- 
terior and long posterior collecting tubule; 
other tubules obscured; 18 flame cells on 
each side. Eyespots spherical, 0.012 in di- 
ameter. Bilobed, hyaline structure (cephalic 
ganglia?) at level of eyespots between oral 
sucker and pharynx. Posterior half of body, 
near excretory bladder, with small, oval 
cystogenous cells, densely packed in linear 
order. Tail stem filled with vacuolated 
parenchyma and rod-like, granular bodies. 
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Caudal vesicle apparently filled with vacuo- 
lated parenchyma and internal network of 
muscles forming a fibrous mat. Develop- 
ment in whitish, smooth rediae in liver of 
host. Rediae 0.332-0.490 (0.395) long, 
0.143-0.189 (0.165) wide, containing about 
35 embryos in various stages of develop- 
ment; birth pore not apparent; pharynx 
small; cecum short. Caudal vesicle and tail 
stem develop simultaneously on each em- 
bryo. Cercarial body never retracted into 
vesicle or tail stem. 

Host: Anachis obesa C. B. Adams 
Incidence of infection: 2 of 268 snails. 
Locality: Mud Cove, Alligator Point, 

Franklin County, Florida. 
The specific name of this cercaria is de- 

rived from the Latin porto + sacculus mean- 
ing “to carry a small sac’, and refers to the 
vesicular structure attached to the base of 
the tail stem. 

This larva emerges at night in small 
numbers, has a life span of about 36 hours 
and is photopositive. Neutral red is slightly 
toxic; it stains the large penetration glands 
lightly, the small glands darkly, and it stimu- 
lates flame cell activity. Nile blue sulfate is 
very toxic and stains the cystogenous glands 
and cephalic ganglia. 

This species swims vigorously, lashing the 
tail from side to side with the forebody 
slightly arched (Figure 111). When rest- 
ing, the larva sinks to the bottom, ventral 
side down, with the body contracted into a 
depression in the anteroventral side of the 
caudal vesicle and the tail stem pointing 
upward at an angle of about 45° (Figure 
112). At times, the larva will lie on its side 

with its parts in the same relative positions. 
Cercaria portosacculus resembles C. carib- 

bea XXXIV Cable, 1956, but differs from 
it in the number of cephalic glands, shape 
of the caudal vesicle, shape and size of the 
body, and other less apparent features. 

V. INTRODUCTION TO KEY AND 

BIBLIOGRAPHY 

A survey of marine cercariae necessarily 
entails a comprehensive study of the liter- 
ature. Since no keys to marine cercariae 
exist, except Cable’s (1956a) which deals 
with 51 species from Puerto Rico, a study 
of the world’s literature has been under- 
taken with the purpose of abstracting perti- 
nent data concerning each described cer- 
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Figures 109-113. 109. Cercaria portosacculus, sp. nov., dorsal view showing dorsal paren- 

chymal (muscle?) fibers on left side and ventral fibers on right side of body, and details 

of vesicle and tail. 110. Same, ventral view of cercarial body. 111. Same, lateral view 

showing swimming posture. 112. Same, laterofrontal view showing resting posture. 

113. Same, redia. 
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caria. These cercariae have been categorized 
as far as possible according to LaRue’'s 
(1957) scheme of classification in a Key 
to Superfamilies with the species listed ac- 
cording to families, where possible. 

The names of all described marine cer- 
cariae encountered, regardless of the accur- 
acy and quality of their descriptions, have 
been included in the key. Almost all of the 
cercarial descriptions published prior to 1900 
are inadequate by modern standards and 
one would have difficulty recognizing and 
comparing these larval stages with living 
material. 

In using the key, the readers must real- 
ize that external morphology is no longer 
the sole basis for classifying cercariae. For 
example, trichocercous forms are found in 
the Allocreadioidea and Fellodistomatoidea; 

tailless forms are found in the Plagiorchio- 
idea, Allocreadioidea and Fellodistomato- 
idea; and xiphidiocercariae are found in the 
Plagiorchioidea and Allocreadioidea. An ef- 
fort has been made to categorize forms of 
uncertain affinities properly by comparing 
them with cercariae whose life cycles are 
known. There is little or no question con- 
cerning the taxonomic position of many 
cercariae. Where no suggestion of affinity 
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was made by another author, or a suggestion 
seemed incorrect, the writer used his own 

judgment in placing the cercaria. These ex- 
amples are marked by an asterisk. 

At the conclusion of the key, a category 
of cercariae of unknown status has been 
included. These larvae were either inade- 
quately described or their descriptions do not 
fit any category in the key. 

The assemblage of “type” and “group” 
names introduced by Sewell (1922), Luhe 
(1909), Cort (1915), and others are used 
only to a limited extent. These terms, which 
were originally devised to show morpho- 
logical relationships between cercariae, are 
now obsolete. We now know through life 
history studies, as indicated above, that mor- 

phologically dissimilar cercariae can be 
members of the same family. 

The key contains 334 different species of 
marine cercariae. Thirty-six additional 
names have been reduced to synonymy. 
Eighteen per cent, or 60 species, have had 
their life cycles partially or completely 
elucidated. 

The bibliography includes not only cited 
references but all references to authors of 
specific names that appear in the key and 
elsewhere. 

Key To Superfamtlies Of Cercariae With a Checklist of Known Marine Species 

I. Primitive excretory bladder retained, i.e. 
not replaced by cells from mesoderm, 
hence definitive excretory bladder not 
epithelial. Cercariae with forked or single 
tails, sometimes absent in Fellodistomati- 
dae, caudal excretory vessels present in 
developing cercariae (except perhaps in 
certain species of Renicolidae) ; stylet al- 
WAYS AD SCMIt os reese tena encteteke len erese eeatic Superorder 

Anepitheliocystidia 
LaRue, 1957 

A. Cercariae usually fork-tailed........ Order 
Strigeatoidea 
LaRue, 1926 

1. Cercariae fork-tailed; usually dis- 
tomate ; excretory bladder V-shaped ; 
protonephridia mesostomate or ste- 
nostomate ; penetration glands pres- 
ent; active penetration into next 
host Suborder Strigeata 

LaRue, 1926 

a. Cercariae usually longifurcate, 
tail-stem usually slender; oral 
sucker well developed; acetabu- 
lum usually present: two to four 
pairs of large penetration glands 
located in acetabular zone (Stri- 
geidae, Diplostomidae), or many 
glands near cecal _ bifurcation 
(Cyathocotylidae) ; protonephri- 
dia mesostomate; development 
in filiform sporoecysts;  three- 
host, lifecycle Aacic sss Superfamily 

Strigeoidea Railliet, 1919 
Family Strigeidae Ralliet, 1919 

*Cercaria sp. (abnormal) 
Mathias, 1930 

Cercaria nassa Martin, 1945 

*Cercaria “I<? Hutton, 1952 

Family Cyathocotylidae Poche, 
1926 

Cercaria utriculata Lutz, 1983 
Cercaria “R” MeCoy, 1928 

Cercaria sp. Maxon and 
Pequegnat, 1949 

Cercaria caribbea L Cable, 
1956 

Cercaria caribbea LI Cable, 
1956 

Cercaria ogatai Ito, 1956 

No marine cercariae described 
for the following families : 

Family Diplostomidae Poirier, 
1886 

Family Brauninidae Bosma, 1931 
Family Bolbocephalodidae 

Strand, 1935 

Family Proterodiplostomidae 
Dubois, 1937 

b. Cereariae brevifurecate:; aphar- 
yngeate ; oral sucker replaced by 
extensible penetration organ as 
in Schistosomatidae; acetabu- 
lum rudimentary; penetration 
glands as in Strigeidae and Dip- 
lostomidae : eyespots pigmented ; 
develop in rediae : three-host life 
CY CIOs ispecies Superfamily Clinosto- 

moidea Dollfus, 1931 
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Family Clinostomidae Luhe, 
1901. No marine cercariae de- 
seribed for this family. 

Cerearia brevifurcate; aphar- 
yngeate ; oral sucker replaced by 
extensible penetration organ ; six 
or seven pairs of penetration 
glands; with or without pig- 
mented eyespots; development in 
simple sporocysts ; cercariae pen- 
etrating into final host. . Superfamily 

Schistosomatoidea Stiles 
and Hassal, 1926 

Family Schistosomatidae Looss, 
1899 
Cerearia of Austrobilharzia 

variglandis, Penner, 1953; 
syns: Cercaria variglandis, 
Miller and Northup, 1926; 
Microbilharzia  variglandis, 
Stunkard and _ Hinchliffe, 
1952 

Cercaria littorinalinae Penner, 
1950 

Cercaria “H” Hutton, 1952 
Cercaria of Gigantobilharzia 

huttoni (Leigh, 19538) Leigh, 
1955; syns: Cercaria hut- 
toni Leigh, 1953; Cercaria 
“J’’ Hutton, 1952 

Cercaria of Ornithobilharzia 
canaliculata (Odhner, 1912) 
Penner, 1953 

Cercaria Caribbea XLIX Cable, 
1956 

Cercaria tympanotoni Ito, 1956 
Cercaria of Austrobilharzia 

terrigalensis (Johnston, 1917) 
3earup, 1956 

Family Aporocotylidae Odhner, 
1912 
Cercaria loossi Linton, 1915 
Cercaria sp. Linton, 1915 
Cercaria solemyae Martin, 1944 
Cercaria hartmanae Martin, 

1952 

Cercaria sp. Holliman, 1958; 
syn: C. asymmetrica, sp. 
nov. 

Family Spirorchiidae Stunkard, 
1921. No marine cereariae de- 
seribed for this family. 

2. Cercariae fork-tailed or variously 
modified from that condition; dis- 
tomate or gasterostomate. Cerear- 
jae usually furcocystocercous; dis- 
tomate or monostomate ; protoneph- 
ridia stenostomate, with flame cell 
groups in the tail; development in 
Tedigqer iirc .....suborder Azygiata 

LaRue, 1957 

a. Cercariae furcocystocercous ... 
Superfamily Azygioidea 
Skrjabin and Guschan- 

skaja, 1956 
Family Azygiidae Odhner, 1911. 

No marine cercariae described 
for this family. 

Family Bivesiculidae Yamaguti, 
1939 
Cercaria sp. Katsuta, 1982 
Cercaria caribbea XLVIII Le- 

Zotte, 1954; syn: Cercaria 
“A” Hutton, 1952 

Cercaria caribbea XLVI Le- 
Zotte, 1954; syn: Cercaria 
“iB? Hutton, 11952 

Cercaria caribbea XLIV_ Le- 
Zotte, 1954; syn: Cercaria 
“C” Hutton, 1952 

Cercaria caribbea, XLIII Le- 
Zotte, 195 

Cercaria eeebted XLV _ Le- 
Zotte, 1954 

Cercaria caribbea XLVII Le- 
Zotte, 1954 

b. Cercariae brevifurcate ; tail stem 
bearing a pair of anteriorly 

placed appendages; body leaf- 
like: distomate; apharyngeate; 
eyespots pigmented ; branches of 
gut fused posteriorly ...Superfamily 

Transversotrematoidea 
LaRue, 1957 

Family Transversotrematidae Ya- 
maguti, 1953. No marine cer- 
cariae described for this fam- 
ily. 

3. Cercariae distomate ; tail very short 
and bilobed (Pseudhyptiasmus) or 
lacking ; excretory bladder V-shaped ; 
developing in rediae; encysting in 
or near rediae ...Suborder Cyclocoelata 

LaRue, 1957 
Characterisitcs the same as _ for 

Suborder ....... Superfamily Cyclo- 
coelidea Nicoll 

1934 
No marine cercariae described 

for the following families: 
Baraily Cyclocoelidae Kossack, 

Family Typhlocoelidae Bittner 
and Sprehn, 1928 

arly Bothrigastridae Dollfus, 

4. Cercariae distomate; tail forked, of 
moderate size, greatly reduced, or 
lacking; protonephridia stenosto- 
mate; development in sporocysts.. 

Suborder Brachylat- 
mata LaRue, 1957 

a. Tail functional, rudimentary, or 
lacking; excretory vesicle V- 
shaped with short arms; de- 
velopment in branching sporo- 
eysts in aquatic or terrestrial 
snails; life cycle with 2 or 3 
hosts; those with 3 hosts pro- 
vided with penetration glands 
near acetabulum and in oral 
sucker acct oe Superfamily Brachy- 

laimoidea Allison, 
1943 (emend. LaRue, 

1957) 
Family Brachylaimidae Joyeux 

and Feley, 1930. No marine 
cercariae described for this 
family. 

b. Cercariae with tail forked, modi- 
fied to single tail, or lacking; 
tail stem with or without paired 
multiple setae; excretory vesicle 
U- or lyre-shaped, with short 
stem and long broad arms; pro- 
tonephridia stenostomate; pene- 
tration glands numerous and far 
anterior ; development in simple 
sporocysts in marine  lamelli- 
branchs; 3 host life cycle ..... 

Superfamily Fellodis- 
tomatoidea LaRue, 

1957 
Family Fellodistomatidae Nicoll, 

1913 Fork-tailed cercariae: 
Cercaria dichotoma Muller, 

1850 
*Cercaria fissicauda LaValette, 

1855 
*OCercaria sp. Huet, 1888 
Cercaria sp. Haswell, 1903; 

syn: Cercaria tergestia has- 
welli, Dollfus, 1927 

Cercaria syndosmyae Pelse- 
neer, 1906 

Cercaria of Fellodistomum 
fellis Nicoll, 1909 

Cercaria margaritae Lebour, 
1911 

*OCercaria sp. Odhner, 1911 
*Cercaria discursata Sinitzin, 

1911 
Cercaria sp. Stafford, 1912 
Cercaria kenti Dollfus, 1927 
Cercaria baltica Markowski, 

1936 
Cercaria of Haplocladus sp. 

Rees, 1947 
Cercaria mathiasi Dubois, Baer 

and Euzet, 1952 
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Cercaria myae Uzmann, 19523 
syn: Cercaria sp. I Stunk- 
ard and Uzmann, 1958 

Cercaria caribbea XLI Cable, 
1953; syn: Cercaria of Par- 
vatrema borinquenae Cable, 
1953 

Cercaria reesi Hutton, 1953; 
syn: Cercaria sp. II Stunk- 
ard and Uzmann, 1958 

Cercaria sp. Loesch, 1957 
Cercaria of Parvatrema dona- 

cis Hopkins, 1958 
Cercaria sp. III Stunkard and 

Uzmann, 1958 

Trichocercous cercariae: 
Cercaria of Bacciger bacciger 

(Rud., 1819) Palombi, 1982 ; 
syns: lee 

Cercaria lata Lespes, 1857; Mery 
Huet, 1891; Cercaria lutea dia with one pair of flame cells; de- 

Giard, 1897; Cercaria sp. velopment in rediae! <5... ce. - Order 
Fujita, 1906; Cercaria sp. Echinostomida 
Pelseneer, 1906. LaRue, 1957 

Coreg pectinata Chilton, 1. Cereariae echinostomate or exhibit- 

Cercaria pennata Sinitzin, 1911 ae 
Cercaria plumosa Sinitzin, 1911 
Cercaria chiltoni Dollfus, 1925 of 
Cercaria laevicardium Martin, 

1945; syn: Cercaria laevi- I 
cardii, Cable, 1954 ing 

Cercaria caribbea XXXIX 
Cable, 1956 

Cercaria sp Haswell, 1903 
Cerearia of Bucephalus syn- 

dosmyae Lebour, 1911 
Cercaria hydriformis Sinitzin, 

1911; syn: Cercaria of Bu- 
cephalus haimeanus tapes 
rugatus Sinitzin, 1909 

Cercaria ‘‘N” Miller, 1925 
Cercaria of Bucephalus mar- 

garitae Ozaki and Ishibashi, 
1934 

Cercaria of Bucephalus mytili 
Cole, 19385 

Cerearia of 
squamatus (Odhner, 1905) 
Chubrik, 1952 

Cercaria caribbea XLII Cable, 
1956 

Cerearia of Bucephalus loeschi 
Hopkins, 1958 

B. Cercariae with large bodies and strong 
cystogenous glands numerous ; 

protonephridia stenostomate; miraci- 

modifications therefrom in time 
of appearance of collar and collar- 
spines and in degree of development 

these structures; development 
in collared rediae with stumpy ap- 
pendages ; life cycle usually involvy- 

Prosorhynchus 

Dh 

DELOSUS reece helen Suborder Echinosto- 
mata Szidat, 1939 

Characteristics the same as for Sub- 
OLDGEL). ccclets sohevervans Superfamily Echino- 

stomoidea Faust, 

Tailless cercariae: 
Cerearia of Gymnophallus so- 

materiae Jameson, 1902; 
syns: Cercaria glandosa Le- 
bour, 1911; Cercaria stri- 
gata Lebour, 1911; Cerearia 
of Gymnophallus oedemiae 
Jameson and Nicoll, 1913 

*Cercaria crispata Pelseneer, 
1906 

Cercaria sp. Dubois, 1907 
Cercaria cambrensis Cole, 

1988 
Cerearia of Rhodotrema quad- 

rilobata Bazikalova, 1932 
Cercaria fulbrighti Hutton, 

1952 
Cercaria branchidontis Hop- 
kins, 1954 

Microcercous cercariae : 
Cercaria milfordensis Uzmann, 

1953 ; syn: Cerearia of Proc- 
toeces maculatus (Looss, 
1901), Stunkard and Uz- 
mann, 1959 

Cercaria adranocerca Stunkard 
and Uzmann 1959 

Furcotrichocercous cerearia : 
Cercaria caribbea XL Cable, 

1956 

*. Cereariae gasterostomate: tail 
stem short and bulbous; fureae 

Family Echinostomidae Looss, 
1902 
Cercaria with collar spines: 
Cercaria prorima Lespes, 1857 
Cercaria of Echinostomum lep- 

tososum Lebour, 1911 
Cercaria of Echinostomum se- 

cundum Lebour, 1911 
Cercaria littorinae obtusatae 

Lebour, 1911 
Cercaria of Himasthla quisse- 

tensis (Miller and Northup, 
1926): syn: Cercaria quis- 
setensis Miller and Northup, 
1926 

Cerearia of Acanthoparyphium 
sp. Yamaguti, 1954 

Cercaria granifera Ogata, 1943 
Cercaria | Maxon and Peque- 

gnat, 1949 
Cercaria III Maxon and Pe- 

quegnat, 1949 
Cercaria “G” Hutton, 1952 
Cercaria “1L’’ Hutton, 1952 
Cercaria caribbea II Cable, 

1956 
Cercaria caribbea III Cable, 

1956 
Cercaria ophthalmoechinata 

Ito, 1957 
Cercaria yamaguti Ito, 1957 

Cereariae without collar spines : 
Cerearia “EF”? Hutton, 1952 
Cercaria caribbea 1V Cable, 

very long and active; excretory 1956 
vesicle cylindrical ; protonephri- Cercaria caribbea VI Cable, 
dia mesostomate ; development in 1956 
branched sporocysts in lamelli- Family Philophthalmidae Tra- 
branehs of fresh and _ brackish 
waters; life cycle with 3 hosts 

Superfamily Bucephal- 
oidea LaRue, 1926 

Family Bucephalidae Poche, 1907 
Cercaria of Bucephalus (Bu- 

cephalopsis) haimeanus La- 
caze-Duthiers, 1854 

Cerearia of Bucephalus cucu- 
lus MeCrady, 1874 

Cerearia of Bucephalus crux 
Levinsen, 1881 

vassos, 1918 
*Cercaria sp. Lebour, 1907 
Cerearia of Parorchis acanthus 

(Nicoll, 1906); syns: Cer- 
caria purpurae Lebour 
1911; Cercaria of Paror- 
chis avitus Linton, 1914; 
Cercaria sensifera Stunkard 
and Shaw, 1931: Cercaria 
II Maxon and Pequegnat, 
1949; Cercaria purpurae 
var. australis Angel, 1954 

1929 
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*Cercaria patellae Lebour, 1911 
*C ercaria “O”’ Miller. 1925 
Cerearia of Cloacitrema mi- 

chiganensis Melntosh, 1938, 
Robinson, 1952 

*Cercaria caribbea V Cable, 
1956 

*Cercaria pseudogranifera Ito, 
1957 

Family Haplosplanchnidae Poche, 
1926 
Cerearia of Haplosplanchnus 

acutus, Cable, 1954; syn: 
Cercaria caribbea XXXVIIL 
Cable, 1954 

*Cercaria digitalis Schell and 
Thomas, 1955 

No marine cercariae described 
for the following families : 

Family Fasciolidae Railliet, 1895 
Family Rhopaliidae Looss, 1898 
Family Psilostomidae Odhner, 

1911 
Family Campulidae Odhner, 1926 
Family Rhytidodidae Odhner, 

1926 
Family Cathaemasiidae Fuhr- 

mann, 1928 

Cercariae amphistomate or monos- 
tomate ; penetration apparatus 
lacking; bodies heavily pigmented ; 
two or three pigmented eyespots ; 
development in rediae lacking col- 
lar and usually lacking stumpy 
appendages : cereariae emerging 
from  rediae before completing 
growth: 2 host life cycle; encyst- 
ment onsubstirate 42.58. osc. Suborder 

Paramphistomata 
; Szidat, 1986 

a Cercariae typically  amphisto- 
mate; pharynx present and of- 
ten replacing oral sucker ...... 

Superfamily Param- 
phistomatoidea Stiles 
and Goldberger, 1910 

Family Mesometridae Poche, 1926 
Cercaria of Mesometra orbicu- 

laris (Rud., 1819), Palombi, 
1937 

No marine cercariae described 
for the following families : 

Family Paramphistomatidae 
Fischoeder, 1901 

Family Gastrodiscidae Stiles and 
Goldberger, 1910 

Family Gastrothylacidae Stiles 
and Goldberger, 1910 

Family Heronimidae Ward, 1918 
Family Microseaphidiidae Tra- 

vassos, 1922 
Family Cladorchiidae Southwell 

and Kirschner, 1937 
Family Brumptidae Skrjabin, 

1949 

Family Diplodiscidae Skrjabin, 
1949 

Family Stephanopharyngidae 
Skrjabin, 1949 

b. Cercaria monostomate; pharynx 
lacking; main collecting vessels 
fused anteriorly : protrusible cup- 
shaped attaching structures situ- 
ated posterolaterally ....Superfamily 

Notocotyloidea 
LaRue, 1957 

Family Notocotylidae Luhe, 1909 
Cercaria ephemera Lebour, 

1907 
Cercaria inkermanni Sinitzin, 

1911 
Cercaria zostera Sinitzin, 

1911 
Cercaria “Q” Miller, 1926 
Cercaria lebouri Stunkard, 

1932 
Cercaria sp. Maxon and Peque- 

gnat, 1949 

Cercaria caribbea 1 Cable, 
1956 

Cerearia of Catatropis john- 
stoni Martin, 1956 

IME 

No marine cercariae deseribed 
for the following families : 

Family Pronocephalidae Looss, 
1902 

Family Rhabdopoeidae Poche, 
1926 

C. Cercariae of rhodometopa type (dis- 
tomate: pharyngeate; body large, two 
or four groups of small penetration 
glands anterior to ventral sucker; tail 
large, frequently provided with dor- 
sal, ventral, and lateral fins; excre- 
tory bladder large, Y-shaped, with lat- 
eral diverticula arising from stem and 
arms, post-acetabular commissure 
present or lacking: protonephridia 
mesostomate: caudal vessels usually 
present in developing cercariae; de- 
velopment in simple sporoeysts in 
marine gastropods; 3-host life cycle) 

Order Renicolida 
LaRue, 1957 

Characteristics the same as for 
Order yee eich ce Suborder Renicolata 

LaRue, 1957 
Characteristics the same as for 

Order? see. Superfamily Renicoloidea 
LaRue, 1957 

Family Renicolidae Dollfus, 1939 
Cercaria rhodometopa Perez, 

1924, 1926 
Cercaria “D" Miller, 1925 
Cercaria ‘**”’ Miller, 1925 
Cercaria “H” Miller, 1925 
Cercaria ampclis Rothschild, 

1935 
Cercaria doricha Rothschild, 

1935: syn: Cercaria doricha- 
pigmentata Wright, 1956 

Cerearia herpsyllis Roths- 
ehild, 1935 

Cercaria nicarete Rothschild, 
1935 

Cercaria pythionike Roths- 
child, 19385 

Cercaria ranzii Rothsebild, 
1935 

*Cercaria prehensa Schell and 
Thomas, 1955 

Cercaria caribbea VIL Cable, 
1956 

Cercaria caribbea VILL Cable, 
1956 

Cercaria caribbea IX Cable, 
1956 

Cercaria cooki Wright, 1956 

Primitive execretory bladder surrounded 
by, and then replaced by. layer or cells 
derived from mesoderm, hence definitive 
bladder thick-walled and epithelial, cer- 
earial tail single, reduced in size, or lack- 
ing; caudal excretory vessels present or 
IVCkin By te oeiten eae eee ese Superorder Epithelio- 

eystidia LaRue, 1957 

A. Cercariae completely lacking caudal ex- 
eretory vessels at any stage of develop- 
ment; stylet present or lacking ....Order 

Plagiorchiida 
LaRue, 1957 

1. Cerearia typically distomate and 
pharyngeate; of various xiphidio- 
cercarial types (armatae, ornatae, 
virgulae, microcotylae, or tailless) ; 
stylet horizontal: protonephridia 
mesostomate; encystment in inver- 
tebrates (chiefly arthropods, rarely 
in vertebrates ....... Suborder Plagior- 

chiata LaRue, 1957 

a. Characteristics the same as for 
Suborder 22235. Superfamily Plagior- 

chioidea Dollfus, 1930 
Family Microphallidae Trayas- 

sos, 1921 

Tailless cereariae : 
*Cercaria dentalii Pelseneer, 

1906 
*Cercaria giardi VPelseneer, 1906 
Cercaria oocysta Lebour, 1907 
Cercaria littorinae-rudis 

Lebour, 1911 
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Cercaria STMLUOSU Sinitzin, 
ID11: syn: Cercaria plicata 
var, rissoa Sinitzin, 1910 

*Cercaria suctoria Sinitzen, 
1911 

*Oercaria sp. Linton, 1915 
Cercaria tenuans Cole, 1985 

*Cercariaeum hydrobiae ventro- 
sae Markowski, 19536 

Cercaria franci Arvy, 1952 

Distome xiphidiocerearia : 
Cerearia of Microphallus  pir- 

um (Afanassjew, 1941) 
Schiller, 1959 

Monostome xiphidiocercariae : 
Cerearia of Microphallus simi- 

lis (Jagersk, 1900), Stunk- 
ard, 1957; syns: Cercaria 
ubiquita Lebour, 1911; Cer- 
saria of NSpelotrema_ simile 
Lebour, 1911; Cercaria wubi- 
quitoides Stunkard, 1952; 
Gerceria sp. Rees, W. J., 
1936 

Cercaria grisea Markowski, 
1936 

Cercaria of Levinseniella cruzi 
(Travassos, 1920) Young, 
1938 

Cerearia of Gynaecotyla adun- 
ca (Linton, 1905) Hunter 
and Vernberg, 1953; syns: 
Cercaria nassicola Cable and 
Hunninen, 1940; Cornuco- 
pula nassicola (Cable and 
Hunninen, 1938) ; Gynaeco- 
tyla nassicola (Cable and 
Hunninen, 1938) Rankin, 
1940 

Cerearia ot Npelotrema nicolli 
Cable and Hunninen, 1940 

Cercaria misenensis Palombi, 
1940 

Cercaria ubiquitensis Palombi, 
1940 

Cerearia sp. Maxon and Peque- 
gnat, 1949 

Cercaria minima Schell and 
Thomas, 1955 

Cercaria caribbea XXV Cable, 
1956 

Cerearia caribbea XXVI Cable, 
1956 

Cercaria caribbea XXVIII Cable, 
1956 

Cercaria caribbea XXVIII 
Cable, 1956 

Cercaria caribbea XXIX Cable, 
1956 

Cercaria caribbea XXX Cable, 
1956 

Cercaria caribbea XXXI Cable, 
1956 

Plagiorchioid cercariae of un- 
known affinity: 
Distome xiphidiocereariae : 

*Cercaria brevicauda Pelseneer, 
1906 

*Cercaria emasculans Pelseneer, 
1906 

*Cercaria cribrata Sinitzin, 
1911 

*Cercaria plicata var. cerithio- 
lus Sinitzin, 1910; syn: Cer- 
caria dimorpha Sinitzin, 
1911 

*Cercaria “G”’ Miller, 1925 
*Cercaria parvicaudata Stunk- 

ard and Shaw, 193 
*Cercaria roscovita Stunkard, 

1932 

Cercaria caribbea XXXII Cable, 
| 1956 

Cercaria caribbea XXNIII 
| Cable, 1956 

*Pamily Brachycoeliidae Johnston, 
1912 

b. 

WN No) 

*Cercaria cerithidia Porter, 
1938 

No marine cercariae deseribed 
for the following families: 

Family Plagiorchiidae Luhe, 1901 
Family Dicrocoeliidae Odbner, 

1910 
Family Lecithodendriidae 

Odhner, 1910 
Family Cephalogonimidae Ni- 

eoll, 1915 
Family Collyriclidae Ward, 1918 
Family Eucotylidae Skrjabin, 

1924 
Family Lissorchiidae Poche, 1926 
Family Mesotretidae Poche, 1926 
Family Stomylotrematidae Poche, 

1926 

Family Urotrematidae Poche, 
1926 

Family Haplometridae McMullen, 
1937 

Family Macroderoididae MceMul- 
len, 1937 

Family Ochetosomatidae Leao, 
1944 

Cereariae of various types (oph- 
thalmoxiphidiocereariae, micro- 
cercous, cotylomicrocercous, ma- 
crocereous, rhopalocercous, oph- 

thalmotrichocercous, tailless, or 
of megaperid type with muscular 
tail having lateral and ventral 
fins); stylet usually not hori- 
zontal, if present; protonephri- 
dia usually mesostomate; excre- 
tory bladder saccate or Y-shaped ; 
development in rediae or sporo- 
cysts, in snails. or  lamelli- 
branchs ; eneystment in inverte- 
brates (chiefly arthropods), rare- 
ly in vertebrates ; usually 3 host 
life; ‘cycle Accs. < Supertamily Allocre- 

adioidea Nicoll, 1934 
Family Acanthocolpidae Luhe, 

1909 
Ophthalmoxiphidiocerecariae : 

*Cercaria microsoma Sinitzin, 
1911 

Cercaria of NStephanostomum 
tenue (Linton, 1898) Martin, 
1939 

Cerearia of NStephanostomum 
baccatum (Nicoll, 1907) Wolf- 
gang, 1955 

‘amily Allocreadiidae Stossich, 
19038 
Leptocercous cereariae : 

*Cercearia parvirenalis Pelseneer, 
1906 

Cercaria of Acanthopsolus la 
geniformis Lebour, 1911 

Cercaria of Lepodora rachion 
(Cobbold, 1858) Lebour, 1911 

*Cercaria mesentera Sinitzin, 
1911 

*Cercaria metentera Sinitzin, 
1911 

*Cercaria trivesicata Sinitzin, 
1911 

*Cercaria zernowi Sinitzin, 
alten bal 

*Cercaria sp. Rothschild, 193! 
*Cercaria dicearchiae Palombi, 

1940 
Family Lepocreadiidae Nicoll, 

193 
Oculate trichocercous cer- 

pariae : 
*Histrionella echinocerca Dies 

ing, 1855; syn: Cercaria 
echinocerca Diesing, 1858 

*Cercaria echinocerca Filippi, 

ria elegans LaValette, 
$855; syn: Distomum cari- 

nariae Carus, 1885 
*Cercaria coni mediterranei Vi 

lippi, 1857 
*Cercaria of Macrurochaeta 

acalepharum Costa, 1864 
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*Cercaria fascicularis Villot, 
875 

*Cercaria sp. Fewkes, 1882 
*Histrionella setosicauda Da- 

day, 1888 
Cerearia of Opechona_ bacil- 

laris (Molin, 1859) Lebour, 
1916 

ee rae quintareti Dolltus, 
1925 

*Cercaria sp. Dollfus, 1925 
Cerearia of Lepocreadium seti- 

feroides (Miller and Nor- 
thup, 1926); syn: Cercaria 
setiferoides Miller and Nor- 
thup, 1926 

Cercaria of Lepocreadium sp. 
Dollifus, 1927 

Cerearia of Lepocreadium al- 
bum (Stossich, 1890) Pa- 
lombi, 1937 

Cerearia of Deropristis inflata 
(Molin, 1859) Cable and 
Hunninen, 1942; syn: Cer- 
caria inflata Cable and Hun- 
ninen, 1942 

Non-oculate trichocercous cer- 
cariae ; 

Cercaria setifera Muller, 1850 
*Distomum hippopodii Vogt, 

853 
*Cercaria thaumantiatis 

Graeffe, 1858 
*Oercaria villoti Monticelli, 

1888 
*Cercaria pelseneeri Monticelli, 

1914 
*Cercaria claparedei Dollfus, 

1925 

Trichocercous cereariae (pres- 
ence or absence of eyespots 
unknown): 

*Distoma carinariae Chiaie, 
1841 

*Distomum physophorae Philip- 
i, 1843 

Family Megaperidae Manter, 1934 
Cercaria of Megapera gyrina 

(Linton, 1907), Cable, 1954 ; 
syns: Cercaria “Kk’’ Miller, 
1925; Cercaria caribbea 
XXXVII, Cable 1954 

Family Monorchiidae Odhner, 
1911 

*Cercaria myocerca Villot, 1878 
*Cercaria myocercoides Pelse- 

neer, 1906 
*Cercaria nigrotincta Pelseneer, 

1906 
*Cercaria neptuneae Lebour, 

1911 
*Cercaria ophiocerca Palombi, 

1934 
Cercaria of Monorcheides cum- 

ingiae Martin, 1940; syn: 
Cercaria cumingiae Martin, 
1938 

Cerecaria of Postmonorchis do- 
nacis Young, 1953; syns: 
Cercaria donacis Young, 
1958 ; (?) Cercaria myocer- 

_ ca Villot, 1878 
Cercaria caribbea XXXV Cable, 

1956 
Cercaria caribbea XXXVI 

Cable, 1956 
Cercaria choanura Hopkins, 

1958 
Family Opecoelidae Ozaki, 1925 

Cotylocercous cereariae : 
*Cercaria pachycerca Lespes, 

1857 ; syns: Cercaria pachy- 
cerca Diesing. 1858; Cer- 
caria brachyura Lebour, 
1911 

*Cercaria collumbellae Pagen- 
stecher, 1863 
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*Cercaria cotylura Pagen- 
stecher, 1863 

*OCercaria buccini Lebour, 1911 
*Cercaria linearis Lespes, 1857 ; 

syn: Cercaria linearis Le- 
bour, 1911 

Cerearia of  Hamacreadium 
mutabile Linton, 1901, Me- 
Coy, 1929: syn: Cercaria 
“A” Miller, 1925 

Cerearia of  Hamacreadium 
gulella Winton, 1910, Me- 
Coy, 1930; syn: Cercaria 
“RB” Miller. 1925 

Cerearia of Helicometrina ni- 
mia Linton, 1910, Manter, 
1933: ‘syn: Cercaria “J? 
Miller, 1925 

*OCercaria inconstans Sinitzin, 
1911 

*Cercaria “I” Miller, 1925 
*Cercaria “M’’ Miller, 1925 
*Cercaria searlesiae Miller, 1925 
*Cercaria “V” McCoy. 1929 
*Oercaria pisaniae Palombi, 

19388 
*Cercaria ruvida Palombi, 1938 
Be stunkardi Palombi, 

193 
*Cercaria tridentata Palombi, 

1938 
Cerearia of Opecoeloides man- 

teri Hunninen and Cable, 
1941 

Cerearia of Podocotyle atomon 
(Rud., 1802) Huninen and 
Cable, 19438 

Cercaria caribbea XX Cable, 
1956 

Cercaria caribbea XXI Cable, 
1956 

Cercaria caribbea XXII Cable, 
1956 

Cercaria caribbea XXIII Cable, 
1956 

Cercaria caribbea XXIV Cable, 
1956 

Cercaria cotylicerca A Dolltfus, 
1959 

Cercaria cotylicerca B Dolltus, 
1959 

Cercaria cotylicerca C Dollfus, 
1959 

Cercaria cotylicerca D Dollfus, 
1959 

Cercaria cotylicerca FE Dollfus, 
1959 

Cercaria cotylicerca F Dollfus, 
1959 

Cercaria cotylicerea G Dollfus, 
1959 

Cercaria cotylicerca H Dollfus, 
1959 

Cercaria cotylicerea 1 Dollfus, 
1959 

Cercaria sp. Gaillard, 1959 
Family Zoogonidae Odhner, 1911 

Cercaria of Zoogonus viviparus 
(Olsson, 1868) Lebour, 1916 

Cercaria of Zoogonus rubellus 
(Olsson, 1868), Stunkard, 
19388 ; syns: (7): Distomum 
lasium lLeidy, 1891; Cer- 
cariaeum lintoni Miller and 
Northup, 1926 

Cerearia of Diphterostomum 
brusinae (Stossich, 1899) 
Palombi, 1980; syns: (7): 
Distoma buceini mutabilis 
Filippi, 1857; Cerearia cris- 
pata Pelseneer, 1906; Cer- 
caria inconstans  Sinitzin, 
1911 

Cercaria reticulatum Stunkard, 
1932 

Cerearia of Zoogonoides laevis 
(Linton, 1940) Stunkard, 
19438 

Cerearia of Diphtherostomum 
luteum Yamaguti, 1958; 
syns: Cercaria lutea Giard, 



No. Holliman: Marine Cercariae 

1897; Cerearia of Brachy- 
coelium lutewm Giard, 1897 

No marine cercariae described 
for the following families: 

Family Gorgoderidae Looss, 1901 
Family Gyliauchenidae (Goto 

and Matsudaira) in Ozaki, 
1933 

Family Opistholebetidae Fukui, 
1929 

Family Troglotrematidae Odhner, 
1914 

B. Cereariae with caudal excretory ves- 
sels during development ; stylet always 
lacking! es. e sss scies = Order Opisthorchiida 

LaRue, 1957 

1. Primary excretory pores on margins 
of tail near body-tail furrow; bod- 
ies of opisthorchioid type; oral 
sucker protrusible, with large spines 
and openings of penetration glands 
in crypt anterior to subterminal 
mouth ; ventral sucker usually rudi- 
Mentary; tails pleuro- or para- 
pleurolophocerecous, magna- or even 
zygocercous; protonephridia mesos- 
tomate or stenostomate; bladder V- 
shaped or globular; development in 
sporocysts or rediae ; encystment in 
lower vertebrates ........... Suborder 

Opisthorchiata 
3 LaRue, 1957 

Characteristics the same as for Sub- 
OVGCIW aleve ereaete cuetsrep ere Superfamily Opis- 

thorchioidea Faust, 
1929 

Family Heterophyidae Odhner, 
1914 Eee 
Magnacercous cercariae : 

*Cercaria sp Fujita, 1906 
scercata equitator Sinitzin, 

*Cercaria “F” Miller, 1925 
poeree ne purpuracauda Miller, 

*Cercaria “T” Miller, 1929 
*Cercaria “U” Miller, 1929 
*Cercaria “W” Miller, 1929 
Cercua caribbea XVI Cable, 

vo 

Cercaria caribbea XVII Cable, 
B 1956 
ercaria caribbea XVIII Cable, 
1956 : 

Cercaria caribbea XIX Cable, 
1956 

Cercaria komiya Ito, 1956 
Cercaria nigrocaudata Ito, 1956 

Pleurolophocercous cercariae : 
Cercaria quadripterygia Sinit- 
c zin, ant 
ercaria loridensis McCoy, 
1929; syn: Cercaria “po 
Miller, 1926 

Cercaria of Oryptocotyle lin- 
gua (Crepl., 1825), Stunk- 
ard, 1930; syns: Cercaria 
lophocerca Filippi, 1859; 
foe lophocerca, Lebour, 

Cercaria of Cryptocotyle jejuna 
(Nicous 1907) Rothschild, 

Cercaria of Pygidiopsis summa 
(Onji and Nishio, 1916) 
Ochi, 1931 

Cercaria coronanda Rothschild, 
1938 

*Cercaria sp. Rothschild, 1938 
Cercaria sp. Rothschild, 1941 
Cerecaria of Euhaplorchis cali- 

forniensis Martin, 1950 
Cerearia of  Parastictodora 

hancocki Martin, 1950; syn: 
HC LTE Cca pOERC Ons 

axon an equegn 
1949 asain 

Cerearia of Heterophyes sp. 
Martin and Kuntz, 1955 

Cercaria of Stictodora tridac- 

tyla Martin and Kuntz, 1955 
*Cercaria bermudensis Schell 

and Thomas, 1955 
Cercaria caribbea X Cable, 

1956 
Cercaria caribbea XI Cable, 

1956 
Cercaria caribbea XII Cable, 

1956 
Cercaria of Heterophyes aequa- 

lis Looss, 1902, Kuntz and 
Chandler, 1956 

Magnacercous opisthorchioid 
eercariae of unknown af- 
finity : 

Cercaria clausii Monticelli, 
1888 

Cercaria buchanani Martin and 
Gregory, 1951 

Cercaria dipterocerca Miller 
and Northup, 1926 

Family Opisthorchiidae Braun, 
1901 
Cerearia of Phocitremoides 

ovale Martin, 1950; syn: 
Cercaria pleurolophocercous 
TI Maxon and Pequegnat, 
1949 

Family Cryptogonimidae Ciurea, 
1933 
Cerearia of Siphodera vinal- 

edwardsiit (Linton, 1901) 
Cable and Hunninen, 1942; 
syn: Cercaria vinaledward- 
sii. Cable and MHunninen, 
1942 

Cercaria caribbea XIII Cable, 
1956 

Cercaria caribbea XIV Cable, 
1956 

Cercaria caribbea XV Cable, 
1956 

Gymnocephalous cercariae whose 
family relationship is unknown : 
Cercaria neptuneae Lebour, 

1911 
Cercaria foliatae Miller, 1925 

No marine cercariae described 
for the following families: 

Family Acanthostomidae Poche 
1926 

Family Pachytrematidae Baer, 
1944 

Family Ratziidae Baer, 1944 

2. Primary excretory pores on tail dis- 
tant from body-tail furrow; cer- 
eariae of cystophorous type or 
modified therefrom; bladder sac- 
cate or cylindrical; protonephridia 
stenostomate; main collecting ves- 
sels fused anteriorly, development 
in rediae ; second intermediate host 

61 

a copepod ........ Suborder Hemiurata 
Skrjabin and Gus- 

chanskaja, 1954 
Characteristics the same as for Sub- 
(Hw a gondconos Superfamily Hemiur- 

oidea Faust, 1929 
Family Hemiuridae Luhe, 1901 

Cercaria sp. Vaullegeard, 1896 
Cercaria appendiculata Pelse- 

neer, 1906 
Cercaria vaullegeardi Pelse- 

neer, 1906 
Cercaria laqueator Sinitzin, 

1911 
Cercaria sagittarius Sinitzin, 

1911 
Cercaria calliostomae Dolltus, 

1923 
Cercaria “L” Miller, 1925 
Cercaria “A” Miller, 1925 
Cercaria “‘B” Miller, 1925 
Cercaria “K” Rothschild, 1936 
Cercaria sinitzini Rothschild, 

1938 
Cercaria rothschildi Palombi, 

1940 
Cercaria prenanti Arvy, 1949 
Cercaria dollfusi Arvy, 1951 

9 
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Cercaria tregouboffi Arvy, 1952 
Cerearia appendiculata Chu- 

brik. 1952 
Cercaria naticae Chubrik, 1952 

*Cercaria ““N” Hutton, 1952 
Cercaria sp. Chabaud and Bi- 

guet, 1955 
Cercaria melanocystea Arvy 

and Gaillard, 1956 

“Hemiuroid™ cerearia : 
Cercaria caribbea XXXIV 

Cable, 1956 
Family Ptychogonimidae Dollfus, 

1937 
Cerearia of Ptychogonimus 

megaustoma (Rud., 1819), 
Palombi, 1942; syn: Cer- 
caria dentali Pelseneer, 1906 

Family Lecithasteridae Skrjabin 
and Guschanskaja, 1954 
Cerearia of Lecithaster con- 

jusus (Odhner, 1905), Hun- 
ninea and Cable, 19438 

No marine cereariae described 
for the following families : 

Family Didymozoidae Poche, 
1907 

‘amily Halipegidae Poche, 1926 
family Isoparorchiidae Poche, 

1926 
‘amily 

1932 
family Dinuridae Skrjabin and 
Guschanskaja, 1954 

Family Lecithochiridae Skrjabin 
and Guschanskaja, 1954 

= sathyecotylidae Dollfus, 

| 

Cercariae of unknown taxo- 
nomic position : 

Cercaria sagittata Lespes, 1857 
Cercariaeum tellinae baltica 

Diesing, 1858 
Cercaria hymenocerca Villot, 

1875 
Cercaria sp. (fork-tail) Mor- 

gan, 1891 
Cercaria obtusicaudata Pelse- 

neer, 1906 
Cercaria navicularia Sinitzin, 

1911 
Cercaria sp. Jones and Roths- 

child, 1952 ; 
Cerearia caulleryi Markowski, 

1936 
Cercaria “D” 

ton 1952 
Cercaria “EB” (leptocercous) 

Hutton, 1952 
Cercaria “I” (leptocercous) 

Hutton, 1952 
Cercaria “MM” (leptocercous ) 

Hutton, 1952 
Cercaria turritellae (magna- 

eercous monostome) Hut- 
ton, 1955 

(fork-tail) Hut- 

VI. SUMMARY 

This work constitutes the first major ef- 
fort to study the cercarial fauna of the Gulf 
of Mexico and each species establishes a new 
host and locality record. The present work 
supports the contention that detailed spe- 
cific diagnoses are necessary to separate 
closely related forms, and that the study of 
the redial or sporocyst stage, the behavior, 
and cercarial reaction to vital dyes are help- 
ful in diagnosis. 

Twenty-eight marine cercariae are re- 
ported herein; 24 are new species; 4 pre- 
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viously reported larvae are redescribed: cer- 
caria of Parorchis acanthus (Nicoll, 1906), 
Cercaria caribbea Wl Cable, 1956, cercaria 
of Himasthla quissetensis (Miller and Nor- 
thup, 1926), and Cercaria cartbbea XXXVI 
Cable, 1956. 

The following numbers and types of cer- 
cariae are described: 1 cyathocotylid, 1 
schistosome, 2 aporocotylids, 4 furcocercous 
fellodistomatids, 1 tailless fellodistomatid, 1 
bucephalid, 6 echinostomoids, 4 plagiorchi- 
oids, 2 monorchiids, 2 opecoelids, 3 opis- 

thorchioids, and 1 “hemiuroid”. 

Sixty-nine collections of mollusks were 
made from Apalachee Bay between Septem- 
ber, 1956, and September, 1959. Nineteen 
species of gastropods were examined in- 
volving 13,961 individuals. Of this total 
17.7%, or 2,477 individuals, were infected 
with larval trematodes. Twenty-one trema- 
tode cercariae were obtained from gastro- 
pods. Ten species of pelecypods were ex- 
amined involving 2,616 individuals. Of 
this total 145 individuals, or 5.5%, were 
infected. Ten species of cercariae were ob- 
tained from pelecypods. 

A review of the literature on marine cer- 
cariae of the world has been made up to 
January, 1960, and a bibliography has been 
compiled. All of the known marine cer- 

5 

cariae encountered, 334 species, have been 

taxonomically separated, where possible, ac- 
cording to the classification of LaRue 
(1957) and have been placed in checklists 
within the key based on his system. 
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VIII. ABSTRACT 

A morphological and taxonomic study 
of the trematode cercariae from 39 
species of marine mollusks from Apa- 
lachee Bay, Gulf of Mexico, was con- 
ducted during the period September, 
1956 to September, 1959. It is the first 
comprehensive report of these parasitic 
forms from the Gulf of Mexico, and all 
host and locality records therein are 
new. 

A historical review of the literature 
on marine cercaria is given, and tech- 
niques and methods for cercarial study 
are discussed. 

Twenty four new species of cercariae 
are described: 1 cyathocotylid, 1 schis- 
tosome, 2 aporocotylids, 4 furcocer- 
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cous fellodistomatids, 1 tailless fello- 
distomatid, 1 bucephalid, 6 echinosto- 
moids, 4 plagiorchioids, 2 monorchiids, 
2 opecoelids, 3 opisthorchioids, and 1 
“hemiuroid”’. 

Four previously reported larvae are 
redescribed: cerecaria of Parorchis 
acanthus (Nicholl, 1906), Cerearia car- 
ibbea III Cable, 1956, cercaria of Him- 
asthla quissetensis (Miller and Nor- 
thup, 1926), and Cercaria caribbea 
XXXVI Cable, 1956. 

Each of the cercarial descriptions in 
the study contains a general diagnosis 
of the group where known, a telegraph- 
ic description of the species, a descrip- 
tion of larval behavior, and a discus- 
sion of affinities including a compari- 
son of the larva with its most closely 
related form. 

Nineteen species of gastropods were 
examined involving 13,961 individuals. 
Of this total, 2477 or 17.7% were in- 
fected with larval trematodes (18 spe- 
cies). Ten species of pelecypods were 
examined involving 2616 individuals. 
Of this total, 145 or 5.5% were infect- 
ed with larval trematodes (10 species). 

A survey of the literature on marine 
cercariae of the world revealed 334 de- 
scriptions up to January, 1960. All of 
these larvae were taxonomically sep- 
arated into family groups and placed 
in the key to cercariae proposed by 
LaRue (1957). References to all known 
marine cercariae are included in the 
bibliography. 




