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SECTION I.
INTRODUCTION

Numerous references dealing with the life
hiétories of trematodes involving animal hosts from marine
and fresh-water habitatsm;re found in American literature.
Among these references, there are reports of trematodes
from intermediate and definitive hosts found in brackish
waters. However, only threeAreports of complete trematode
life histories from the salt marsh habltats of this country
were foﬁﬁd. These 1ife cycles were all reported by Stunkard
(1958-60) . |

Chandler (1941) reported the occurreﬁce of

Echinochasmus schwartzi Price, 1931 and Phagicolas

lageniformis Chandler from muskrats trapped in slightly
brackish to brackish meadow-llke marshes of southeastern
Texas. Hutton and Soganderes-Bernal (1959) studied trematode
parasites encysted in Florida mullets from varioﬁs bays,
bayous, rivers, and creeks of the coastal areas of Florilda.
Sogandares-Bernal and Bridgman (1960) reported on heterophyid
trematodes encysted in lititoral poecilild and cyprinodont
fishes from brackish Lake Pontchartrain, Louislana. Stunkard

and Uzmann (1955) found that Fundulus heteroclitus, a species

which commonly comes up into brackish water, served as the

second intermediate host of Ascocotyle (Phagicola) diminuta.

They were able to obtain the sexual stages (adults) of this

trematode in laboratory-reared rats, mice, hamsters, sea

1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissi.on.



2,

gulls, and a night heron,

In Burope, Rothschild (194lc) studied growth and
trematode infections of Peringia ulvae in pools of the
Tamar Saltings, Plymouth, England., Rothschild thought
Peringia ulvae was unique among marine and brackish water
'species since larval forms were found which belonged to
such well known trematode families as Heterophyldae,
.Bchinostomatidae, Microphallidae and Notocotylidae. In
this situation trematode 1life history étudies involved all -
the main grdups of animals found in the viclinity and
demonstrated the importance of larvel trematodes in the

- local ecology.

' Rothschild's work was from an estuarian situatiom.
However, her finding with respect to larval forms in
Peringis ulvae and the assignment of these larval forms
to the above mentioned familles parallels my findings in
various species of the Hydrobildae collected from
depressions in the salt marshes of southeastern New
Hampshire. .

Rothschild (194lc) reported that the heterophyid
cercariae from Peringla ulvae were of the pleurolophocerca
type and was able to experimentally infect gobles (a specles
of f£ish commonly found in pools with the snails). The
cercariae encysted as metacercariae in the skin of the fish
(including the surface of the eye and fins). The infected
gobies were fed to laboratory-reared chickens, ducks,
Herring Gulls, Black~-headed Gulls and one Redshank after

exposure fo the cercariae, ranging from a few hours up to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.

3 months after infection, but she was not able to recover
the adults of this trematode.

From studieé on dissected metacercariae, Rothschild
stated that the testes had not sufficlently developed to
maké an assignment with confidence to a speclal group.
However, she found that the intestine of the metacercarlae
was of the Haplorchis type and the position of the repro-
ductive organs was similar to that of the Haplorchiinae.

Rothschild (194lc) reported on the life history of
the notocotylid cercariae parasitlzing Peringzias ulvae.-

She found that six specles of these larvae were repre-
sented and that thiee belonged to ‘che Monostomi sub~-group
and the other three to the Yenchingensis sub-group. The
Monostomi sub-group was more pientiful, but'all of her
efforts at rearing the adult worms failed. However, she
found that two specles of the Yenchingensis.sub-group
developed in the intestinal caeca of ducks, into flukes
of the genus Paramonostomum. '

I studled the larval trematodes of Hydrobia salsa
collected from depressions near Johnson Creek in Durhaﬁ,
New Hampshire; Hydrobia minuta collected from an isolated
depression near Great Bay in South Newlngton, New Hampshlre;
and Amnicola sp. collected from depressions, near Hambtan,
New Hampshire.

The family Hydrobildae is medlecally lmportant since o
some of its members serve as the first intermediate host

of Schistosoma japonica. No record on the study of the
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iarval trematode fauna of the genus Hydrobla was avallable
from this coﬁntry until 1956, In 1956 Dr. Bullock of the
department of Zoology at the University of New Hampshire
sent several hundred Hydrobla minuta, collected from the

isolated depression.near.ereat Bay in South Newlngton,
New Hampshire to the Amerlican Museum, of Natural Histori
for study and identification of the two types of cercariae
that were emerging from them, Dr. Stunkard identifled one
of these cercariae as a microphallid and the other as a
heterophyid. Dissection of the snails yielded a third
trematode species, an encysted microphallid, Working with
the encysted microphallld, Stunkard (1958) worked out the
‘morphology énd iife history of Zevinseniella minuta, a
trematode Treaching maturity in scaups and other diving ducks,
Stunkard (1960) described Notocotylus minwtus, =

species which encysted as metacercarlae on the shell and

opercula of Hydrobia minuta as well as the empty shells

of Gemma gemma, Metacercarise were fed to laboratory-

reared gulls (Larus srgentatus) and to eider ducks (Somateria
mollissima) and the adults were recovered from the eider

duck. The Hvdrobia were collected near Boothbay Harbor,

Maine,
 Stunkard (1960) described Himasthla compacta
obtéined from laboratory-reared gulls (L, grzentatus)
that were fed Mya arenaria which had been expérimentaliy
infected with oercariée from Hydrobia g&a&ﬁﬁ collected in
Sagadahoec Bay, near, Boothbay Harbor, Maine, Stunkérd

. ) . ;
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stated that the incldence of infection in H, minuta was
low since only one snall in 500 was infected. He also
- stated that cercarlae emerged from only one«half of the
1hfected snails, Stunkard maintained that Hydrobia minuta
harbored at least 6 speeles of cercarliae, but did not
state to what speclal groups they belonged.

On July 6, 1959, I started to study the growth,
morphology and development of the heterophyld cercarlae
that were being passed by Hydrobla minuta, a common snall
found in the Great Bay area. At the time this problem was
started, oniy the 1life cycle of Levinseniella minuta had
been reported by Stunkard (1958) where these snails were
involved as first or second intermediate hosts for trematodes.
It was decided that I should work with Hydrobia sslsa from
the depression near Johnson Oreek'in Durham, New Hampshire.
My work was to include descriptions of the cercariae,
seasonal variations, asexual development in the snall, and
the complete 1ife histories of two of the cercariae
(heterophyid and allocrsadiid).

| During the summer of 1960, I started to work on
the larval‘trematode favwna of derobia ninuta., The success
that I had with the. life cycles of the heterophyld
the allocreadiid and the occurrence of an echinostome
trematode which encysted as metacercariae in the gllls
of FPundulus heteroclitus motivated my interest in
Hydrobia minuta in South Newlngton. My objective was to
determine if the families Heterophyidae, Microphallidae,
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Allocreadiidae, and Notocotylidae, found in Hydrobls salsa
were also present in Hydrobis minuta., Since H, minuta was
found in an ecologically different habltat and was a
different hydroblld species, I was interested in de~
termining whether or not the families (named above) included
the same trematode specles, I was interested also in finding
out 1f the echinostome cercariae were emerging from H, minuta
though they had not been seen in H, salsa. It was suspected
that these snalls might be passing echinostome cercarlse,
but perhaps there was a very iow incidence of infeotion.
The Teasoning behind such thinking was that only a few
 adult echinostomes were obtained in feeding experiments where
the gllls of Fimdulus were collected from the habltats of
these snalls and fed toilaboratory-reared animals, It was
believed that if the echinostome Qercariae were found in
hydrobiid snalls, infections would be greater in Hydrobla
minuta. Thls ldea was formulated for two reasoms,
(1) Exgxghig minuta was found in an 1solated depression
which had lost all previous outlets with water that it might
have had and (2) the isolated ditch was only affected by
spring tides, |
. Two obvious differences in the larval trematode
| fauna of the two snails were the complete absence of the
> allocreadild cercarise and the abundance of the notocotylid
.cercariae in Hydrobis minuta, The notocotylid cercariae
frqﬁathe ﬁ;_gggggg encysted on the shell and opercula of the
snall and were quite prevglent from the middle of July to
November. The notocotylid cercaria from Hydroblia salsa
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was being passed spontaneously and was quite abundant in
snails that had been isolated in viais from August to
December. However, notocotylid cercarlae have been observed
on the opercula and shells of Hydrobis salsa not isolated in
vigls and crushed in the laboratory (October and November,
1960).

Several attempts were made to infect white mice with
the notocotylid metacercariae from Hydrobia minuta during
the summer of 1960 without success. Six months later
Stunkard (1960) published the life cycle of Notocotylus
minutus, a specles which encysted as metaoercariae on the
opercula and shells of Hydrobis minuta. Stunkard (1960)
also published the life cycle of an echinostome (see the
above) for which Hydrobis minuta served as the first
intermediate host,

Life e¢ycle work on the alloecreadlid cercariae from

~ Hydrobia salsa and the consplcuous absence of this form
frbm Hydrobia minuta suggested that this might be due to
differences in salinity and ecology rather than snail
species. This led me to marshes near the Hampton River in
Hompton, New Hampshire which is more of an estuarian
situation with lower salinity than what was encountered at
habitats in Durham and South Newington, New Hampshire. The
allocreadiid cercariae were found{guite abundantly in
Amnicglé Sp., a hydrobiid species that is largely restricted
to fresh water. Fundulus were also ccllected from thls

area and were found to be highly infected with Echinochasmus

maggovatum,(an echinostome). This trematode had often
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occurred in small numbers as a result of feediﬁg the gills
of Fundulus to laboratory-reared animals for the recovery of

 the adults of Aécocotzle (Phagicola) diminuta., However, in
Pundulus collected from Hampton and fed to laboratory-reared
animels more speclimens of Echinochasmus and few speclimens of
Ascocotyle were recovered. ‘

This paper reports the morphology and life history
of Ascocotyle (Phagzicola) diminuta, a trematode belonging to
the "so called" Ascoéotxle-Phasieola-Parascoeotzle complex.
Not one complete life cycle of an Ascocotzle.complex tremg-
tode has ever been worked out. Only as recently as 1955,

Stunkard and Uzmann became the first to demonstréte the

second intermediate host of Ascocotyle (Phégicola) diminuta,
but were not able to find the first intermedliate hbst.

The first intermediate host has been found to be
Hydrobia salsa, a bracklsh water snall collected from

depressions'in ﬁhe salt marshes near Johnson Oreek in
Dﬁrham, New Hampshire. The gills of varlous species and
varieties of poeciliids have been experimentally infected
with the heterophyid cercariae from Hydrobia salsa and
have been fed to laboratory-reared déy'old chicks,'a White
rat, and mice after the metécerbariae had been allowed
to mature for three weeks., Worms have been recovered
from the various experimental hosts afterla.to 10 days
of development. |

Studies have also been made on the life cycle of
Ascocotyle tenuicollis Price, 1935, a species restricted to

the conus arteriosus (metacercariae) of'Fundulus heteroclitus
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,cqllected from depressions near Johnson Creek 1n Durham,
New Hampshire. Thls species has been found in the conus
arteriosus of Fundulus heteroclitus from all of the study
areas. However, only metacercariae from Fundulus collected
in Durham were fed to experimental hosts.. Morphological
studies have been made on worms recovered from 5 day-old
chicks after 1 to &4 days of development. This is the first
report of Fundulus heteroclitus (Poeciliidae) serving as the
second intermediate host of Ascocotyle itenulcollis. Therefore,
this is a new host record and a new locality record.

Previous reports of other species of Ascocotyle with
metacercariae restricted to the conus arteriosus of fish
have been made by other suthors., Burton (1956) described
Ascocotyle leighl from Mollienisis latipinna (sailfin molly:
Poeciliidae) in Florida. Sogandarés-Bernal and Bridgman
(1960) found Ascocotyle leighi in sailfin mollies taken from
Lake Pontchartrain, Louisiana, |

This paper also reports the finding of the second
intermediate host (Pundulus heteroclitus) of Echinochasmus

masnovatum (Stunksrd and Haviland, 1924) Price, 1931, one
of the three specles of this genus}descfibed from this
country. Its morphology and development in the final host
from 6 to 30 days was studied. The specles is redescribed
from biomefric studies on 40 specimens, Other observations
have also been made on uterine egg counts and the hatching
of the miracidium in various solutions.

It is hoped that this dissertation will stimulate

interest in ecological observation on the trematode fauma
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found in anlmals that often visit salt maxrshes 1. e, ralls,
black ducks, blue-winged teals, bitterms, sparrows, soras,
sandpipers, plovers, wrens, herons and egrets, muskrats,
meadow mice, otters, mink, raccoon, and opossums., Such
wildlife frequent the salt marshes of the Atlantic coast
(McAtee, 1941). A major study should be made of all the
gastropods and invertebrates found in the salt marshes as
well as critical feeding experiments involving the small
fishes that often come up into marshes e.g. cyprinodonts
and poeciliids,

Such a study might throw light on variations that
occur in trehatodes or problems of speclatlon 1ln {rematodes

that ttilize varieties of birdé and mammals as final hosts.
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SECTION II,

LITERATURE REVIEW
Family HETEROPHYIDAE Odhner, 1914
Syn. Ooenogoﬁimidae Nicoll, 1907; Cotylogonimidae Niocoll,
1907; Stictodoridae Poche, 1926

Looss (1899) erected the genera Coenogonimus,
Tocotrema, Ascocotyle, and Centrocestus under the subfamlly
Coenogoniminae. He designated . heterophyes as the type of
the genus Coenogonimus. Earlier, Luhe (1899) had used the
species heterophyes as type of his new genus Cotylogonimus.
Iuvhe also placed in a new genus (Cryptocotyle) the species
which Looss had placed in the genus Tocotrema. .Pratt (1902)

placed Cotylogonimus and Cryptocotyle in the subfamily
Cotylogoniminae., Looss (1902) reported that Cotylogonimus
was a synonym of Heterophves Cobbold (1866). Since both
Coenogonimus and Cotylogonimus were synonyms of Hetero h es,
the subfamilies Coenogoniminae and Cotylogoniminae were'
lnvelidated.

' Odhner (1914) proposed the name Heterophyidae to
replace the incorrect nameé Cotylogonimidae and
Ooenogonimidae., Odhner included the followlng genera
in the family: Heterophyes, Tocotrema (synonym of

G;xgtocogxle),_Scaphanocephalﬁs, Centrocestus, Ascocotyle,
Pygidiopsis, end Apophallus. Odhner made no attempt to

split these groups into subfamilies. Ransom (1920) was.
the first to attempt to bring all the known species'
together, He gave a new and modified diegnosls of the -
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family and a key to the valid genera and species. Ransom
thought that Scaphanocephalus should be excluded from the
family and that Metagoniﬁus Katsurada (1913),
Paracoenogonimus Katsurada (1914) (possibly a synonym of
Cryptocotyle), and the new genus Cotylophallus should be
added.

Nicoll (1923) extended the family Heterophylidae
Odhner, 1914, to contain the subfamilies Microphallinae
Ward, 1901; and Gymnophallinae Odhner, 1905, He placed
the following genera in the subfamily Oryptocotylinae
Luhe, 1909: Cryptocotyle Luhe, 1899 (Tocotrems Looss,
1899), Scaphanocephalus Jagerskiold, 1903; Apophallus
Luhe, 1909; Ascocotxle Looss, 1899; and Galactosomum -
Looss, 1899. Some of these genera were originally
placed under the family Heterophyldae (see the above).

Ciurea (1924) was the first to divide the family
into subfamilles. He erected the subfamilies Heterophyinae,
Metagoniminae, Oentrocestinae, Apophalllnae, and
GryptocotylinaeJ These subfamillies were separated on
the basis of the structure of the terminal portion of
the genital ducts. Stunkard and Haviland (1924) suggested
that Ciurea's paper of 1924 had gone to press before the-
appearance of Nicollis revision since no comment was made
in his paper conerning the inclusion of Microphallinae
and Gymnophallinae ih thé family.

Stunkard and Haviland (1924) affirmed that the re~
maining genera, after the excluslon of gggggggggggg;ggg'
and the reinstatement of Scaphanocephalus should be
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arranged in the five subfamilies: Heterophyinae, .
Metagoniminae, Centrocestinae, Apophallinae, and
Cryptocotylinae. All of these subfamilies were based

upon details of development, position of the ventral

and genital suckers, and terminal portions of the genital

organs. Stunkard and Haviland (1924) felt that Ciurea's

arrangement might prove valid though further data were
necessary before it could be unconditionally accepted.

These authors did not think the differences between

the subfamilies of Ciurea were great enough to separate

groups of subfamlily rank and did not correspond to

the differences between the subfamilies of Nicoll.

FPaust and Nishigori (1924) added Monorchitreminaec as
the sixth subfamily. According to Witenberg (1929) the
work of Poche (1926) 1listed additional genera and families.
Poche (1926) sumarized all the existing knowledge on
the Heterophyidae up to 1926, Witenberg's (1929) mono-
graphic study of the Heterophyidae contributed a great
deal to our understanding of the taxonomy of this group.

He redefined the family as the following: | |
Small and very small forms. Pseudodermis covered with
scale-like spines. The body is usually divided into
two parts, one anterior flattened, free from genitalia :
and more motile than the posterlor part which is oval
or round in cross-section and contains the genital
apparatus. The oral sucker may be provided with all or
a part of the following structures: A contractile
dorsal lip-like appendage, a posterlor funnel=-shaped
appendage and rows of circumoral spines.

Prepharynx and oesophagus vary in different genera and
specles. Pharynx always present. Intestinal caeca
simple, of varying length. Ventral sucker, except in,

the genus Heterophyes, reduced and included in the
modified genltal simus ('ventro-genital sac') or even
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absent.

The reproductive organs, except the vitellarla in some
genera, are grouped in the posterlor part of the body
behind the level of the genital aperture which is
generally situated near the middle of the body. Testes,
two or one, globular or lobed: thelr situation varies in
different genera. The cirrus pouch is absent. The
seminal receptacle is voluminous and mey be divided into
- several parts by constrictions. The terminal portion of
the seminal vesicle may form a separate vesicle-shaped
organ which is usually provided with chitinised walls;
the term 'expulsor' is proposed for this structure
(in Heterophyes, Tocotrema, Diorchitrema, etc.). Ovary
globular or slightly lobed and, except in Adlerias, is
situated in front of the testes. Mehlis' gland
present. Seminal receptacle well developed. _Laurer's
canal usually reduced. The vitellaria are usually
reduced. The vitellaria are usually situated near the
lateral or dorsal surface of the body and the degree
of their development varies In different species. The
uterus in most cases does not proceed anteriorly to the
genital gperture. The latter, except in Heterophyes,
opens on .the inner wall of the ventro-genital sac, which
is situated on the middle line or moved towards the .
lateral border of the body. Near the genital aperture a
more or less developed gonotyl 1s often present. Eggs
usually numerous with thick shell 18 to 37u long.
Excretory vesicle usually Y-shaped; the length of the
stem varies in different genera and it is either .
straight, S-shaped or divided into branches which may

re-unite (as in Scaphanocephalus); the branches may be
long, short or entirely absent (as in Galactosomumy.
Adults parasitise the intestines of mammals, birds, and

rarely fish (Haplorchis). Metacercariae encysted in
fish. Cercariae, as far as is known, develop in

operculated molluses. -

Type genus:--Heterophyes Cobbold, 1866.
On the basis of his new family defihition, Witenberg

(1929) excluded the following subfamilies and genera which
had been included in the family by Nicoll (1909) Poche

- (1926): | | | .
1. The genera united in the subfamily Microphallinae

Ward (1901) were excluded because they lacked a seminal

receptacle and possessed a cirrus pouch.
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2. The species united in the subfamily Gymnophallinae
Odhner (1905) were excluded from the family because they
lacked a seminal receptacle.

3. The genus Sigmapera Nicoll, though 1t greatly re-
sembled the Heterophyldae was rejected because of its well
developed cirrus pouch.

l#. The genus Nanophyetus Chapin (in Hall, 1927) was
excluded because of the presence of o well developed cirrus
pouch and the presence of a seminal receptacle.

5. Since the genera Euryhelmis Pouche, 1926, and
Taphrogonymus Oohn (1904) were based on insufficient
descriptions of their representatives there were insuf-
ficient reasons for including them in the Heterophyidae.

6. The genera Parabascus Looss (1907) and Cryptotrema
O0zaki, 1926, Weré also eéxcluded.

7. Paracoenogonimus Katsurada (1914) appeared‘to be a
synonym of the genus Prohemistomum Odhner (1914) or
Cyathocotyle Muhling (1896) which never belong to the
Heterophyidase.

8. Opisthometra Poche (1926)'Was transferred to

.Acanthochasmidae.
9., Witenberg (1929) included Stictodora Looss (1899),

as a member of the Heterophyidae. He stated that Poche
had created an unnecessary family (Stictodoridae).
Witenberg (1929) believed many of the génera and
subfamilies which he excluded from the family would be as=-
signed to the superfgmily Opisfhorchoidea aftér further
investigations., He pointed out that since certaln geners
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had been excluded, the.remainder should be distributed in
subfamilies according fo the method defined by Ciurea,
i.e., according to the details of the structure of the
genital pore. However, he suggested that the extent of its
use as a ‘taxonomic character should only be valid for generle
characters, since the Heterophyidae, in contrast to other
trematode families, varied considerably in the structure

! and posltion of the genital pore.

Witenberg (1929) reported that the danger of Ciurea's
method was that one would be able to create almost as many
subfamilles as there were genera. He concluded that not
the most changeable, but the most constant features should
be taken as a basis for division into subfamilies.

.Witénberg set up the foilowing complex of features found
usefui for éharacterizing a subfamily:

(1) The shape of the anterior part of the
body (dilated or not)

(é) The presence or absence of conspicuous
spines around the oral aperture..

(3) - The number of testes and thelr position
in relation to the ovary (in front or
behind it).

The distribution of vitellaria was to be utilized to |
distinguish tribes.‘ ' h

Witenberg (1929) listed the following combinatlons of
characters for‘ﬁistinguishing genera:

(1) The arrangement of the genitél glands,

(2) The structure and position of the ventro~
. genltal sac.

(3) The additional structures of the oral
apparatus.
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(4) The distribution of the vitellaria where

division into tribes is not indicated. -

On the basis of the above scheme, Witenberg dis-
tributed all of the genera of the Heterophyldae among'the
following five subfamilies: Heterophyinae Ciurea (19245,
Centrocestinae Looss (1899), Cercarioidinae Witenberg
(1929), Haplorchinae Pratt (1902), and Adlefiinae Witenberg
(1929). Witenberg utilized thq following key for separating
these subfamilies:

A, Testes two:

(1) the anterior part of the body very dilated
......."..._.......cercarioidinae

(2) the anterior part of the body not dilated

(a) circumoral spines present
..'................centrocestinae

(b) eircumoral spines absent
...................Heterophyinae

B, One testis:
(1) ovary in front of the testis..Haplorchinae

(2) ovary behind the testiS.........Asleriinae

Witenberz (1929) argued that every subfamily could
be divided into two tribes, according to the distributlon of
the vitellaria as in some genera the vitellaria are confined
to the reglon behind the level of the ovary, in others they
are extended anteriofly beyond theigenital aperture.,

Farlier, Faust (1929) had erected the superfamily
Opisthorchoidea‘for the family Opisthorchidae. He also
erected the superfamily Heterophyoldea for the family
Heterophyidae and asserted that further information would
.Wwarrant the inclusion of Leclthodendriidae Odhner, 1910,
Microphallinae Ward, 1907, and Gymnophallinae Odhner, 1905.
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Faust separated these two superfamllles by the mlracldium,
He claimed that the miracidium was bilaterally symmetriocal
in the Heterophyolidea and asymmetrical in the Oplisthorchoidea.
The cercarlae in both groups were similar, but those of the
Opisthorcholdea lacked the splnose armature of the
Heterophyoldea.

Witenberg (1929) pointed to the similar morphology of
heterophyids and opisthorchld cercariae and adults. He
also noted that these groups had similar 1life cycles.
Using this as evidence bf close relationship, Wltenbérg
erected the superfamily Oplsthorcholdea which included the
Opisthbrchidae and the Heterophyidae. Vaz (1932) agreed
with Witenberg's superfamily. ._

The family Heterophyidae as constituted by Witenberg
(1929) was to consist of trematodes which developed to
maturity in fiéh-eating vertebrates, However, Mueller
and Van Oleave expanded the family to include genera which
were parasitic in fishes,

Witenberg (1929) was aware of the possibility of
heterophyids occurring in fishes. WAith reference to thé;
genus Haplorchis, Witenberg (1929) made the following.

statement,
Two specles of the Haplorchis are knewn, H caharinus
(Looss, 1896 and H, pumikio (Looss, 1896), =% is

noteworthy that the first is the only species of

Heterophyidae found in the adult stage as a parasite
of fish, This circumstance leads to the supposition
that H, csharinus may belong to quite another family,

Mueller and Van Oleave (1932) stated that they had
not studied specimens of H plg:cgia and found the desoriptionq

and drawings in the literature inadequate to serve as &
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basis for reaching any conclusion concerning this specles.
They showed that Vlietosoma, Acetodextra, A;lacanthochésmus,
Neochasmug, Cryptogonimus, Osecincola, and Centrovarium

were seven trematode genera which regularly occur in fish,

They thought that these genera showed characteristles which
united them wilth the Heterophyidae. Mueller and Van Oleave
(1932) stated that there was no possibility that these |
heterophyid genera were avian or mammalian parasites
acoldentally misplaced in fishes. Their extensive faunal
su}yeys failed to yileld any evidence that members of the
genefé ever occurred in elther dirds or mammais.

Mueller and Van Oleave (1932) indlcated that they
were aware of Witenberg's (1929) remark which drew attention
to the fact that Heterophyldae were not the only trematodes
with complicated genital'sinus. But other trematode groups |
such as Mig;gphgllus, Hemiuridae, Azyglidae possessed a
complicated genital sinus. However, Mueller and Van Oleave
stated that they had made a thorough investigation of the

genital apparatus. of Microphallus and several speoies of

Azygiidae. They found no difficulty in sharply differ-
entiating between the copulatory modifications and genltal
sinus of these forms and the ventro-genital complex of
heterophylds. Mueller and Van Oleave tﬁought the statement
of Witenberg ("Hete;ophyid trematodes are not the only
trematodes with complicated genital sinuses") should be
interpreted in the broadest manmmer, since their genera

from fish had genitalla that were intimate in agreement

with the distinotive plan of organization found in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20,

Heterophylidae, Mueller and Van Oleave accepted Witenberg's
formulation of characters and redefined the family as the

followings

Small to very small trematodes with the body covered
with scale~like spines and frequently with a crown of
ocircum-oral spines., Pharynx always present. Body
usually divided into a motile anterior, flattened region
devold of genitalla, and a posterior part containing the
genital organs. Ventral sucker usually reduced and
intimately assoclated with the genital pore, Genltal
ducts usually opening into a common genital sinus which
frequently contains a copulatory organ known as a
gonotyl. Genltal pore either median or lateral in
position. Ovary and testes highly varlable in shape,
the ovary almost always anterlor to the testes,

Cirrus pouch lacking. Seminal receptacle voluminous,
Uterus usually not extending anterior to the genital
pore., Parasitic in mammals, birds and fishes.

Mueller and Van Oleave (1932) asserted that the
diversity of form and organization manifested in the family
wés an express;on of evolutlonary progress rather than
sccidental convergence or parallelism. They thought the
extent to which evolution had led to diversificatlon was
clearly demonstrated by the followlng speclfic instances
of variable conditions in the famlly:

1, Oircum-oral spines either present or lacking

2. Either one or two testes present

3. Ovary either pre-or post-testicular and ranging
in form from spheroldal to follleular

&, Uterine loop may be elther wholly pre-
testicular or extend to the extremlty of the

body.
5. Ventro-genital sac varies wldely in position
a8 well as in the extent of development or
suppression of its component parts.
These workers were of the opinion that the degree of
relationship within thelfamily Heterophyldae is not clearly
shown by the condition of the gonotyl. They based their

evidence on the fact that in a single genus (Pargsgocoﬁxlg)
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two different condltions occur, For example, in P, italjlea,
there 1s a slingle, small, oval gonotyl antérior to the
ventral sucker, while in P, longs there were two widely
separate gonotyls located anterior and lateral to the
ventral sucker, .

The family as consfituted by Witenberg (1929) included
five subfamilies, but as emended and extended by Van Cleave
and Mueller (1932) (the family composition was as follows:)

1, Heterophyinae Olurea, 1924

2., Centrocestinae Looss, 1899

3« . Haplorchinae Pratt, 1902

4, CGOercarioldinase Witenberg, 1929

5. Adleriellinge Witenberg, 1930

6., Neochasminae Van Olegve and Mueller, 1932

Mueller and Van Cleave found by extending the host
1ist to include fishes as definitive hosts, five of their
geven genera from fishes fitted into the subfamilly
Heterophyinae. Since extending the boundaries of the subfamily,
the necesslty of creating a new subfamily for Acetodextra and
another for Vietosoma was avolded. These workers noted that
Oryptogoniminae Osborn, (1903) though never previously
assigned'as a subfamlily under the Heterophyldae, 18 based
upon a concept which falls within the Heterophylnae, except
for the fact that its members are from fishes.

According to the new concept of Mueller and Van Cleave
(1932) the Heterophyinae, also, included Vietosoma,
Acetodextra, Oryptogonimus, Caecincola, and Centrovarium,

The genera Neochasmus and Allgcggthochasmus could nof be
allszated in existing subfamilies of the Heterophyldae

and these workers proposed the gubfamily Neochasminae for
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these genera,

Faust (1932) included Heterophyidae Odhner (1914),
Microphallidae Viane (1924), and Lecithodendriidae Odhner
(1910) in his superfamily Heterophyoldea. His superfamily
Opisthorchoidesa contained.only the family Opisthorchidae
Iuhe (1901), PFaust indicated, in his dlagnosis of the
superfamilies, the importance of the symmetry and asymmetry
of the miracidia as superfamily characters. He apparently
considered flame cell patterns as é character of supere
family value, since he polnted to the fact that the
fundamental pattern for the Heterophyoldea was 2(1+1)+(1+1)
and for the Opisthorcholdea was 2(2+2+2+2+2+2).,

In 1933 Clurea agreed to the Opisthorchoidea as set
up by Faust (1929), but proposed a revision of the

| Heterophyoldea. Olurea recognized HeterophyidaeiOdhner
(1914) Oryptogommmae Olurea (1933) and mcrophéln'dae
Viana (1924), but rejected Lecithodendriidae Odhner (1910)
because of the position of the vitelline glands., He
inocluded the following subfamilies in the Heterophyldae:
Heterophyinae Olurea (1924), Metagoniminse Ciurea (1924),
Apophallinae Olurea (1924), Centrocestinae Looss (1899),
Oryptocotylinae Luhe (1909), and Sigmaperinae Poche (1926),
Witenberg had already rejected Sigmapera Nicoll (1918),
the type genus of the subfamily, because of‘a well developed
cirrus pouch. Olurea distinguished his newly proposed
Oryptogonimidae from the Heterophyidae by the larger post-
teaticular uterus. He assigned the followlng subfamilies
to the Oryptogonimidae Osborn (1903): Neochasminae Mueller
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and Van Oleave (1932), Galactosominae Oiurea (1933),
Haplorohiinae Liooss (1899), and Adleriellinae Witegberg
(1930), Oiurea thought that Microphallidae Viana (1924)
should inoclude the subfamilies Miorophallinae Ward (1901),
Maritrema Nicoll (1907), and Gymnophallinae Odhner (1905).
Rothschild (1937) reviewed the 1ife historles and
larval stages of the Microphallidae end pointed to the
resemblance of the cercariae of members of this family to
~ those of the Plaglorchildase, both having Xiphidiocercariae.
The Microphallidae, Lecithodendriidae and Dlerocoelildae
should be included in the superfamily Plaglorchioldea

Dollfus.
Vogel (1934) agreed with Witenberg (1929) in including

the Heterophyldae and Opisthorchidae ln the same super=
family. However, he proposed for them the new superfamily
name, Opisthorchoidea. Hls abolitlon of the superfamily
Heterophyoldea Faust was based on the fact that the
cercariae in both families were of the same type.

Prioce (1940) reviewed the 1life histories of heterophyid
and opisthorchid trematodés end 8ll were found to have
cercariae sufficlently similar in type to lndicate close
relationship. These cercariase were found to belong to the
Fleurolophocerca and Parapleurolophocerca groups established by
Sewell (1922), They developed in rediae which were provided
with short intestinal ceca wilthout collai or locomotor
appendages.,

Price reported that the following life historles had
been desoribed for trematodes having cercariae of this type:
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Stamnosoma formgsanum Nishigori (=Oentrocestus
formosanus (Nishigori)), by Nishigori (192%a);
Monorchotrema talhokui Nishigorl (=Haplorchis pumilo
Looss)), by Nishigori (1924b) and Faust and Nishigori
1926); M, taichul Nishigori (=H, taichul (Nishigori)),
by Nishigorl (1924a) and Faust and Nishigori (1926);
Olonorchis sinensis (Cobbold) by Faust and Khaw (1927)
and Yamagutl (1935); Cercaria floridensis MoCoy
(=Acanthostomum floridensis (McOoy)), by McOoy (1929);

Stamnosoma armatum (Tanabe) (=CUentrocestus armatus
(Tanabe)), by Takahashi (1929a) and Yamagutl (1939);
Metagonimus yokogawali (Katsurada), by Takahashi (1929D)
and Yamaguti (1933); M. takahashii (Suzuki), by
Takahashi (1929b); Exorchis major Hasegawa
(=Pseudexorchls major (Hasegawa)), by Takahashi (1929b);
Cryptocotyle lingua (Oreplin), by Stunkard (1930);

. Kasrainl Khalil (=Haplorchis pleurolophocerca (Sonsino)),
by Khalll (1932); Opisthorchis felineus (Rivolta)
(=0, tenuicollis (Rudolphl)), by Vogel (1934);
Metagonimoldes (') oregonensis Price, by Ingles (1935);
Apophallus venustus_TkansomT, by Cameron (1937);

Heterophyes heterophyes (Siebold), by Khalil (1937);

Metorchis intermedius Heinemann, by Heinemann (1937);
Oryptocotyle jefuns (Nicoll), by Rothschild (1938a);
Oercaria coronanda Rothschild (=Acanthostomum goronandum
Rothschild)), by Rothschild (1938b); .
Euryhelmis monorchis Ameel, by Ameel (1938); and
aecine

C arvulus Marshall asnd Gilbert, by
Tundahl 050 P '

Price (1940) gave an analysis of cercaria characters

and indicated that they showed sufficlent similarities as
to indicate a single superfamily. All had eye.spots,
except the cercarla of Eurxge;gis'monogchis; all had rudi-
-mentary acetabula; all were apparently provided with oral
epines; and all except specles of OJentrocestus were pro-
vided with tall fin-folds. Price (1940) suggested that
most specles possessed dorsoventral tall fin-folds
(ventral oﬁly in Metagonimoides sp. Ingles, 1935) except
the specles of Haplorchis. The fin-folds in Haplorchis
are lateral and has been regarded by Rothschild (1938b)
as possible famlily significance. Rothsohild (1938b)
stated that all parapleurolophocerca cercariae belong to
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the genus Haplorchis.,
Price (1940) reported that the cercariae of three

specles of Haplorchis for which the adults were known, the

lateral type fin-fold correlated with the posterior extent

of penetration glands, ﬁe maintained that the cercarlae of
Haplgrghis punilio, H, pleurolophogerca possessed penetra=

tion glands that were lineal in arrangement.and'extended

to the posterior part of the cercarial body, and the gland

-ducts were not grouped in bundles as in the other species.

' He implied that this condition was not found in other
parapleurolophocercous cercariae. Therefore, Price sﬁg-
gested that when other specles of the genus Haplorchis are
known, the combination of ‘the arrangement of the pene=-
tration gland duct may have taxonomic significance,

Price stated that since the other cercarial characters
showed such wide variation, hardly little more than speciflc
value could be assigned to them., He reported that even the
excretory system, though fegarded by several investigators
as having great taxonomlic significance, shows great varlation,
Price (1940) reported variation in the exeretory bladder
from sac-like to Y=shape with intermediate shapes.
Illustrating his point of view, regarding variation in
the highly acclalmed excretory system aé a taxonomic vehicle, :
he clited the following evidence:

The coilecting duct pattern 1s in general of the

"stenostoma" type but in Cercaris coronanda
(Acanthostomidae) and in the cercarla of Centrocestus
armatus (Heterophyldae) it is of the "mesostoma" type.
The flame cell pattern varles from 2((5)+§5+5+5+5) in
the cercaria of Oplsthorchis tenuicollis (Vogel, 1934)

and 2((3)+(3+3+3+3+3)) in the adult of Opisthorchis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26,

edicellata (Verma, 1927) in the Opisthorchiinae
EOpisthorchiidae); to 2((2+2)+(2+2)) in Cercaria
coronanda (Acanthostomidae) (Rothschild, 193§b),'
2((2+2)+(2+2)) in Oaecinola parvulus (Oryptogonimidae)
(Lundahl, 1939), 2((3+3)+(3+3)) in Heterophyes
heterophyes (Heterophyinae; Heterophyldae) (Looss, 1894),

2(2+2+3+2) in Euryhelmis monorchis (Apophallinae;
Heterophyidae) (Mreel, 1938) . 5 2+?)+(3+2+3)) 1% %he
metacercaria of Apophallus donicus (Apophallinae) (Hali,
1935), and 2((3+7+7§+!7+7+7’, in the metacercaria of

Cryptocotyle lingua (Cryptocotylinae; Heterophyldae)
lStunkard, 1929), The flame cell patterns of the other

specles of Oplsthorchloldea are not known, and in view
of the above 1t appears unwise to attempt to base major
groups on thls character. Thlis is especlally true,

{ifo toront inas; "Oplssiorchisdas] the solTecting duct
pattern, as figured by Dollfus (1936), suggests that
the anterlior and posterior groups of flame cells are
equal in number instead of unequal as in Opisthorchis.
_‘ Price (1940) also belleved that adult characters as
well as cercar1a1 character gave evidence of'superfamily
relationships. On the basis of adult characters, the
Acanthostomatidae and COryptogonimidae were included with
the Heterophyidae and Opisthorchildae in the single super= .
family, the Opisthorchiocldea. All_four of these famllies
agreed 1h lacking a clrrus pouch, in poséessing seminél
receptacle, and in the fuslon of the terminal parts of
the male and female ducts into an hermaphrodite dugt. In
two of the families (Heterophyldae énd Oryptogonimidae) a
gonotyl or genital sucker was present, however, traces of
a gonotyl were found in the lmmature stages.bf members of
the Opisthorchiidae énd Acanthostomatidae., For an example,

Rothschild (1938b) reported a gonotyl-like structure in
the metacercaria of Cercaria goronanda (Acanthostomidae).
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Subfamily OENTROOESTINAE Looss, 1898
(Ascocotylinae Yamaguti, 1958)

Looss (1899) established the genus Ascocotyle for

Distomun goleostomum Looss, 1896, a specles deseribed from
the cecum and large 1nteét1np of the pelican in Egypt.

Looss (1899) also described A, minuts from the small ine
testine of dogs and cats and included it as a second speocies
‘in the newly erected genus. In the 62 years following
Looss' initial work, numerous species have been addéd to
this genus, namely: A, italica Alessandrlni, 1906;

A, sngrense Travassos, i§16; A, longa Ransom, 19203

A, nana Ransom, 1920; A, diminuta Stunkard and Haviland,
1924; A, angeloi Travassos, 1928; A, fellppel Travassos,
1928; A, ascolona Witenberg, 1928; A, arnaldol Travassos,
1§28; A, megalogephala (Price, 1932) Price, 1935;

A, puertoricensis (Price, 1932) Price, 1935; A, tenuicollis
Prioe,ll935: A, intermedius (Srivastava, 1935) Price, 1936;
A, meintoshl Price, 1936; and A, leighi Burton, 1956,

‘Faust (1920) described a new genus and specles,

Phaglcola plthecophagicola, from the intestine of the monkey=
eating eagle (Pithecophaga Jefferyl) of the Phillipine
Islands. He erected the subfamily Phagicolinae to include

this specles, However, in desoribing this species, Faust
(1920) falled to notice the posterior oral appendage and
gonotyls which would have placed his specimens in the genus

Ascocotyle Looss, 1899,
Stunkard and Havilend (1924) contended that the

morphologlioal differences between A, coleostoma and
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A, pinutg were such that they doubted whether they could be

included in a natural genus, These differences were listed
as the following:
cotyle coleggtoma

1. Double row of oral spines,

2. Isophagus absent.

3+« Ceca entirely preacetabular.

4, Acetabulum some distance posterlor to blfurcation

of digestive tract,
5. 0Ooils of uterus extend across the body anterior to

the genital pore. .
6, Vitellarlia entirely pretesticular, extend forward

anterior to the genital pore,
7. Habitat: cecum and large intestine of birds

As tyle minuts

1. ©Single row of oral spines.

2. Bsophagus present.,

3. Oeca extend postacetabular,

4, Acetabulum near the bifurcation of digestive tract.,
5. Uterus does not cross the body anterior to the

genltal pore.
6, Vitellaria partially post-testicular, entirely
postovarian, do not extend forward one=third of

the distance to the genital pore.

7. Habitat: small intestine of mammals and possibly

of bird, Ardea.

Stunkard and Haviland (1924) suggested that though the
species descriptions of Travassos (1916) were brief and
somewhat indefinite, there was substantlal agreement with
A, colepstoma, and both were parasitic in birds. The other
described species were from mammals and appeared similar
to A, mgggzg. They pointed to the fact that the latter group
constituted a distinct section of the genus for which
Parascocotyle was proposed with A, minuta as the type
species, These authors described trematodgs from thelin-
testine of wild rats, collected at the Oleason Point dump

near New York by the Oity board of Health, as Ascocotyle
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(Parascocotyle) diminuta; placing it in the subgenus

Parascocotyle. In.defense of their action, the following

argument was given:
The specimens from the rat agree more closely with
4, minuta than any other known form and in certain
respects the likeness is striking. Many organs agree
in size with those of A, minuta, but the worms theme
selves are much smaller, hardly more than half the
slze of A, minuta, and the suckers, ovary and testes
are relatively much larger. The eggs on the other
hand, are smaller. The discovery of additional
materlal may supply specimens intermediate in these
respects and demonstrate the ldentlty of these worms
and A, minuta, but at present such ldentity appears:
hardly probable and we desoribe them as new specles,

Faust and Nishigori_(1926), in their paper dealing
with the life oyocles of two new specles of Heterophyldae
stated: "In 1920 one of us (Paust) described a new species

from the intestine of the monkey-eating eagle under the
neme Phagicols pithecophagicols, a fluke which on restudy
has been found to belong-to the genus Ascocotyle and
should, therefore, be designated as Ascocotyle
plthecophaszicola." Thus, the genusthgg;cglg and subfﬁmily :
Phaglcolinae were invalidated.'

Witenberg (1929) interpreted the subgenus
Parascogotyle Stunkerd and Haviland, 1924 as a genus., He
observed tﬁat members of the genus Ascocotyle posseqsgd two
rows of circumorsl spines and sever;1 colls of the uterus
were situated in front of the genltal aperture, while the
genus (should be subgenus) Parascocotyle exibited only one
row of circumoral spines, and the colls of the uterus
oconfined to the region behind the genital aperture.'
Witenberg found that in Ascocotyle, the vitellaria extended
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in front of the ventral sucker, while in Parascocotyle they
passed beyond the level of the ovary. Although Witenberg
(1929) recognized the distinctive nature of the genus
(subgenus) Parascocotyle of Stunkard and Haviland, 1924 as
being fully justified, he thought the creation of the
specles Ascocotyle (Parascocotyle) diminuta was unwarranted.,
A, diminuta wés, therefore, a synonym of A, minuta.
Witenberg (1929) believed that the differences on which

A, (Paragcocotyle) diminuta was erected could be attri-
buted to age of fixation and were not of specific value,
However, he transferred A, minuta Looss, 1899; A, ltalica
Alessandrini, 1906; A, longa Ransom, 1920; A, nana Ransom,
1920; Ascocotyle plthecophagzicola Faust, 1926 (synonymy
Phggicglg pithecophaglcols Faust, 1920); and Parascocotyle
ascolonga Witenberg, 1928 to the genus (subgenus)
Parascocotyle Stunkard and Haviland, 1924, Witenberg

(1929) included P, plthecophagicola (Faust, 1920) Faust,
1926 in the genus (subgenus) Parascocotyle though

pointing to its insufficlent description and apparent need
for restudy before its position or valldity could be -
determined. His key to the spec;es of Parascocotyle
Stunkard and Haviland, 1924 was as follows:

Key to the specles of Parascocotyle Stunkard
and Haviland, 1924 (after Witemberg, 1929)

A. The ceca reach only up to the level of ventral
sucker:
(1) adequately desoribed SpPecCleS.cecvecsscscsisnvnas
coooooooooooooo..oo--oooooog_‘_MLOOSS, 1899
(2) insufficiently described specleSi.eessescesscses

oooio-ooooooio.oo?_‘ Mﬂm Failst, 1920
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B. The ceca reach the ovary or more posteriorly:
(1) the vitellaria compact:

(a) the appendix of the oral sucker reaches
the pharynx....P, ascolonga Witenberg, 1929

(b) the appendix of the oral sucker half as thg

- prepharynx....P, italica Alessandrini, 190

(2) Vitellaria divided into folllcles: ’

(a) the uterine coils entangled; one muscular
papilla in front of the genltal aperture...
00.0.00000000.0..0000.02‘ nana Ransom, 1920

(b) the uterine colls have a transverse di-

‘ rection; there are two muscular papillae in
front of the genltal aperture.ccceceececces
....O.OOQOOOQOOOOQOOOOOQPJ loga Ransom’ 1920

Witenberg (1930) restudied the type specimens of
P, pithecophagigola Faust, 1920, He was not able to add
anything to the original description of Faust. He sug-
gested that only a detailed_study of new specimens of the
species would determine if Parascocotyle and Phaglcola were
both valid genera,

Travassos (1930), as reported by Stunkard and Uzmann,
1955, accepted the two subgenera of Stunkard and Haviland.
However, Parascocotyle was suppressed as a synonym of
Phagicola and all previously described specles were placed
in the genus Ascocotyle. Travassos arranged them in the
two subgenera, Ascocotyle and Phagicola. Faust's specles
of 1920 and 1926 was listed as Ascocotyle (Phagicola)
‘plthecophagicola, while Stunkard and Haviland's species
was listed as Ascocotyle (Phagicola) diminuta. |

Price (1932b) studied the type specimens of
2, pithecophazicola which had been allocated to the gemus
(subgenus) Paragscocotyle by Witenberg (1929). Price found
that these specimens possessed (1) a posterior oral pro=-

jeotion, which extended to the pharynx, (2) two gonotyls in
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the genital sinus, end (3) a globular seminal receptacle

median to the ovary. .
The first and second findings of Price (1932b) were

overlooked by Faust (1920) and no douvt prompted him to
oreate a new genus and subfamily. Price thought that his
newly found structures in P, pithecophagicols Faust, 1926

| indicated the apparent synonymy of Phagzicola ahd
Parascocotyle. In accordance with the law of priority,
ggggiggla was re=established as the valid name. Price
(1932b) reported that Phagicola differed sufficiently
from Asggcgtxlg to warrant generic rank, and referred the
following species to the genus Phagicola: fhagicola
pithecophagicola (Faust, 1920) Faust, 1926; P, minuta
Looss, 1899; P, ascolongg Witenberg, 1929; P, longa Ransom,
1920; P, arnaldol Travassos, 1928; P, italica Alessandrini,
1906; P, piriforme Blanc end Hedin, 1913; P, angrense
Travassos, 1916; P, nana Ransom, 1920; P, diminuta Stunkard
and Haviland, 1924; and P, angelol Travassos, 1928, ‘

Price (1932c) described Ascocotyle megalocephala and

Ascocotyle puertoricensis from the intestine of Butorides sp.
Phagicola diminuta Stunkard and Haviland, 1924 was also

reported from the same host. 'Price (1933a) studied the

original specimen of,Asgogd;xlg plana Linton, 1928 end solved
the "riddle" connected with this species. Previously '
Witenberg (1928) had considered this species as a synonym of

Pyzidiopsis genats (Looss, 1896), while Travassos (1930)
asserted that 1t was a synonym of Ascocotyle (Phaglcols)
angrense Travassos, 1916, a specles from various héronq of
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South America. Price (1933b) transferred these specimens to
the genus Pygidiopsis as P, plana Linton, 1928, He reasoned
that the absence of the posterior prolongation of the oral
sucker (frequently referred to as an "appendix"), and the
general body organization. warranted this ehangé.

Price (1933c) extended the host record for the genus
Phagicola. He had several specimens of Phagicola nana
Ransom 1920 at his disposal, origiﬁally repofted as
Ascocotyle nana from the Alaskan fox (Vulpes lagopus).

These same worms had been also collected from & booby

(Sulg bassona) in 1893 by Dr, Albert Hassal. These speci-
:mens possessed oral coronets with a complete anferlor row
of 16 spines and en incomplete posterior dorsal row of

3 to 4 spines. Specimens of Phagicols longa, originally
described by Ransom from an Alaskan fox (xygggg.lagopus),
were compared with P, longza reported from the dog, cat,

and a Persian wolf by Witenberg and, also, with P. longa
found in the intestine of a pelican (species not determined)
by Price, 1933b. Price (1933b) found that specimens of

P, longa Ransom, 1920 corresponded with the description
glven‘by Witenberg, butAdlfféred from that of the anomalous
type specimen of Ransom, Ransom's material showed only two
vitelline follicles on each side of the body compéred to

5 in the normal condition. Price. emended the specific
description, |

Oturea (1933) obtained specimens identical to
Egzggggggixlg‘nggg (Ransom, 1920) Witenberg,'1929 through
feeding the 31113 and-superfiolai muscles of Mugil capito
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from the Black Sea to dogs and common cormorant,

Phalocrocorax garbo. Morphological studies revealed that
the acetabulum was located within the genital sinus and
were described as Metacocotyle witenberzi. Price (1935)

- deseribed Ascocotyle tenuicollis as a new species and gave
better descriptions and figqrea of Ascocotyle megalcephala
Pirice, 1932, and Phagicola plthecophazicola Faust, 1920,
He declared that the looatlbn gf the acetabulum wlthin the
genital sinus is common to all members of Phggigglg and
Ascocotyle, Price (1932) did not agree with Travassos
(1930) that Phagicols should be considered as a subgenus.

of Ascdcotyle. He argued as follows:

Members of the genus Ascocotyle have two rows of splnes
in the oral coronet, the cuticle is entirely covered
with spines; the uterus extend anterior to the genlital
aperture; and the vitellaria extend anterlor to the

level of the ovary. Members ¢f the genus FPhagicola
have only a single row of spines in the oral coronet;
the cuticular spines are absent at the posterior end

of the body; the uterus does not extend anterlor to the
.genital aperture; and the vitellaria are confined to

"the post=ovarian region of the body.

~ Srivastava (1935) described Ascocotyle 1nte;gedius
a8 a new species from the Indilan Fishing Eagle, Hallaeetus
leucoryphus. Hé'asslgned this species to the subgenus
(Bhagicola) Travassos, 1930 on the basis of the length of
the esophagus, the intestinal ceca, énd the extent of the
uterus, He indlcated that his specles resembled‘the sub=-
genus (Agcocotyle) Travassos, 1930 in the arrangement of
the oral spines and extent of the vlitellaria., But 1t
differed in the presence of a falrly large esophagus, long
ceca which extended far behind the acetabulum, and the
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uterus which never extends in front of the genital sinus;
features in which it resembles A, (Phagicola). However, it
differed from the species of the subgenus A, (Phagicola)
Travassos, 1930 in the enormous development and extent of
the vitellaria and double crown gf oral spines, Srivastava
concluded thatvg‘ Intermedius differed from all species of
the genus in the number of oral spines (28-30), larger
-extent of the vitellaria, and the slze of the eggs.
Srivestava maintained that the genus Phagicola as
constituted by Price (1932) differed from Ascocotxle only
by the presence of an esophagus, the length of the in-
testinal ceca which extended posteriorly beyond the ace=
tabulym, fhe postacetabular posltion of the vitellaria,
and thé extent of the uterus which never ektends beyond
the ventro=-genital sinps. Hé felt that hls specles
oonnected the two generakin regard to the extent of the
vitellaria. Srivastava argued that only the remaining
important differences between the two genera wére the
extent of the intestinal ceca and the uﬁerus. He argued
further that the extent of the intestinal ceca could not
be considered of genéflc importance since all the gradations
in thelr iength exist between such forms as Fhagicola minuta
end P, é;galdoi.v He also contended that the extent of the
uterus alone was not of sufficlent justiflecation for
maintaining two distinot genera., Although Srivastava (1935)
was in agreement with Travassos (1930) that the genus
Phagicols should be reduced to the rank of & subgenus, he
found it necessary to modify the diagnosis of Ascocotyle
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as given by Travassos (1930). Srivastava's treatment of -

the genera Asgocotyle Looss, 1899, and Phagicols Faust,

1920 is

shown below in the following set of keys:

Key to the Subgenera of Ascoco?xlg Looss, 1899

1.

2,

Key

1.

2.

3

(after Srivastava

Vitellaria extending in front of acetabulum; Uterus

-extending iIn front of ventro-genital sinus;

Oesophagus almost absent...Ascocotyle (Ascocotyle).
Vitellaria post-acetabular, except in

A, intermedius; Uterus confined behind ventro-
genital sinus; Oesophagus well developedeeccssecess

000000600000ooooooooooooo'toésgogotxle (Pg&igOl&)o

to the Specles of the Subgenus Ascocotyl
(Ascocotyle) (after Srivastava)

Vitellaria extending from the level of phﬁrynx to
center of acetabulUmMiccevscecooscorsessscccscscsese

vesssssessesohncocotyle (Ascocotyle) megalocephala.
Vitellaria confined between endg of ceca and

bOdyoooQooooooooo-ooocooooo-ooooooaooaooooooooocooa
Vitellaria pre‘testictﬂ.ar.u........................

sesesesrenssss Ascocotyle (Ascocotyle) coleostomum,
Vitellaria extending into testicular
region........‘».‘.Ol'...........'.000..0000.0.0'..3

Oral spines 36 in NUMbEXTeeseccovecssccccsescscscesse

oooooooooooooooocooonaoo-oh (Ascocotxle) feliEEeio
Oral Bpines 32 In numbeXrccecsccocosocccccsscscavesns

YRR rxrrxxx QA_‘ (Asgggotylg) EuertgrigeBSj.S.

Key
1,
2.
3.

4y

to the Species of the Subgenus Ascocotyle
(Phagicola) (after Srivastava)
Vitellaria extending from the hinder end up to the
level of pharynX........4, (Phaglicola) intermedius.
Vitellaria post-acetabU.laI‘........................2
Oral Spines In double IFOWesececaoocsessscscrnscessee
oral spines 1n Single row.....'...C......OI...O&..4
Oral spines in double row on the dorsal side and
in single row on the ventral...A, (Phagicola) nana,
Oral spines in double row on both the surfaceS..e..
oooc.oaoo-oooooboonoocoooooooaé‘_ (M) M.
Genital pore situated at intestinal bifurcation....

veesscses tecocscee oé_,_ (Phagigola) Eitheco Qha.gicola.
Genltal pore situated behind intestinal bifurcation

: 0.0..'0.....0......0....'.....QQI.0....0.....0.'.05

Se

Intestinal ceca not rBGOhing OVATXYeoeececessccnce .6
Intestinal ceca reaching or extending beyond ovary,
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6. Oral sucker distinectly larger than acetabulum......
noooooooo'ooooooo-oooooocooo;‘_& (_P_h_azé-gc_]&) angrense.,
Suckers about equal in Size...u..................7

7. Oral spines 16 in number....A. (Phagicola) diminuta,
Oral spines 19 (rarely 20 or 18 in numbeXr.,esesceces
....O‘......'Ol........’..'..&" (M) w_‘_t_a_.

8. Vitellaria.follicular.............................9
Vitellaria composed of compact masSeS.ceececcses 10

9, Vitellaria composed of 2-8 follicles on each side=-
Eggs 0.0016-0.018 X 0.0001 1n Bizeoooco.oooooooocoo

aotcoonoo.oooooov-ooooooouscooé_’_ (Phaglcola) 10nga.
Vitellaria composed of 9-12.folllcles on each side=

Eggs 0002-00024 x 0001-0.012 1n size...........t.‘.
..l......l.l.l'..ll‘.t....O-A-_L (Pha 1c01a) M.
10. Vitellaria lateral and post-ovarian; Oral
appendage and prepharynx equal in lengthicecccseces
....0....00.........00....-&.‘ (Ph%ioola) ascglonsa.
Vitellaria lateral extending up to or beyond ovary;
Oral appendage half the length of prepha cessens
....Ql..5........0....0..".& (Phaglcglﬁ 1ta110§_.

Price (1935) pointed to the inter-generic variability
of the characters used by Srivastava (1935) as justification
for placing A, intermedius in the Phagzicola group, and
assigned the specles to the genus Ascocotyle. It was the
opinion of Price (1935) that Metascocotyle witenbergi
Olurea, 1933, type species, was a synonym of Phagicola longa
(Ransom, 1920) Price, 1932. Although Price (1935) thought
that most of the characters used by Srivastava were inter-
generic, the extent of the uterus as a differentiating
character in his separation of genera was dropped in 1936.
This action was taken since A, intermedius Srivastava, 1935
was an exception to this character. However, Price (1936)
refuted the arrangement of 811Va§tava and argued as follows:

The specles comprising the Ascocotyle-Phagicola comﬁlex
fall quite distinctly into 2 categories one group,
Ascocotyle, having 2 rows of spines in the oral coronet,
body completely spined and vitellaria extending anterior
to the level of the ovary, and the other group,

Phaglicola, having a single row of spines in the oral
coronet, the body incompletely spined (spines absent on
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.posterior portion of body) and vitellaria confined to
the postovarlan region. In view of these facts that in
each of these groups there are at least 3 correlated

characters the writer regards Ascocotyle and FPhagicola
a8 better established genera than some of the other
genera of heterophylds, as well as many genera of other
families, the validity of which rests largely upon a
single character which in many cases is decldedly

variable,

Price (1936) re-affirmed that species of the
Ascocotyle-Phagicola complex should be grouped separately.
He recognized both Ascocotyle and Phagicola as valld genera
on the basis of the following: |

Ascocotyle

l. Two rows of spines in oral coronet.

2. Outicle entirely spinous.

3. Uterus extending beyond level of genital apexrture.
4, Vitellaria extending into preovarian region,

Phaglcola

1. Single row of spines in oral coronet,
2. Outlole spines absent in posterior region of body.
3. Uterus not extending beyond level of genital
aperture. :
4, TVitellaria confined to postovarian region.
Travassos' (in Burton, 1958) publication of 1928 gave
desoriptions of P, angelol and P, arnaldoi which were in
contradiction to the characters used by Price (arrangement
of oral spines and the distribution of the cuticular spines)
%o sepsrate Phagicols and Ascocotyle. Price (1936) had
maintained that the genus Phagicola is characterized by a
single fow of oral spines and a posterlor body devoid of
cuticular spines, P, angelol had two complete rows of
spines in the oral coronet. Both P, angelol and P, grnaldo
had spinoué outicles, even though the spines on the
anterior region of the body were determined to be slightly

longer.
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Lal (1939) reported varability in the extent of the
esophagus and intestinal ceca within the complex and thought
that the groups should be reduced to a single group.

| Ohandler (1941) desoribed Phagicole lageniformis as
a new species from the intestine of muskrats of southeastern
Texas, He reported that this species had 18 spines on the
oral coronet. Of these spines, 16 were in a single oircle
while the other two spines were situated more posteriorly on
the dorsal side., Chandler thought his specles resembled
P, nana Ransom, 1920 and P, angrense Travassos, 1916 in the
number snd arrangement of the oral spines. It differéd
from P, nana in shape of body, siua of oral diverticulum,
and size of spines. It was different from P, angrense in
shape of body and in length of the pharyngeal region, which
in P, angrense is very short, resulting in the oral
diverticulum reaching beyond the pharynx.

| Stunkard and Uzmenn (1955) redeseribed Ascocotyle
(Phagicola) diminute and found in the oral coronet, a
single row of 16 spines and a second row of‘two dorsal
acoessory spines., They expressed thelr viéw as the

following:

It appears, therefore, that in these specles a second
row 18 represented by a few persistent spines, If
these spines are actually members of a second incomplete
row of smaller spines, and in specles of Ascocotyle the
spines of the second row are smaller than those in the
anterior row, the distinction between Ascocotyle and
Phaglcola rest on the extent of body spination and of
the vitellaria., Moreover, the figure of Ascocotyle
uertoricensis, published by Price (1935), show that
the vitellaria extend a short distance anterior to the
ovary and do not reach the level of the genital
aperture. Decision on the taxonomlc state of Phaglicola
should awaiti more complete information, especlally on
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the developmental stages of its members.

Burton (1956) described Ascocotyle leighi, a species
that encysts as‘metaoercariae in the conus arterlosus of
Mollienisig latipinng LeSueur. He found only 12 out of 341
Mollienisig latiplnna from southern Florida devoid of
infeotion., Burton was not able to find the natural defini=
tive host, His description wQé based on adults recovered
from day-o0ld unfed chicks which were infected wlth the
metacercariae. Thls specles differed from closely re-
sembling specles such as A, tenuicollis Price, 1935 and
A. puertoricensis Price, 1935 which possessed 32 spines in
their oral coronets (16 in each of two rows), while
A, leighi had 48 to 52 spines in the oral coronet (24 to 26
in each of two rows). Burton~also.pointed out other differ=
ences (e.g.-the species of Price (1935) were characterized
by seminal veslecles which taper‘anteriorly from a bulb=-
like expansion). The vesicle in A, leighi was in a
transverse plane and tapered medially toward the ovary.,

Robinson (1956) described Phagicola macrostomus
and,Phgsichg‘pxgg; from the turkey vulture. Roblnson
cl@imed fhat ghggigolg maorgétomus exiblited an ofal sucker
diameter that was one fifth of the body length, with no
dorsal anterior prolongation, and possessed 18 thick, blunt-
pointed orai splnes evenly spaced in a single row around the
oral opening. He declared that this species differed from
6ther specles 6f Phagicola from the Western Hémisphere by
the larger size of the oral sucker, The dral splnes were

either half as long or two to four times as long as other
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species and the anterior half of the body was much broader.
Robinson (1956) reported that P, byrdi differed from
other species of Phagicola in that 1t had a very long
recurved oral diverticular, sn acetabulum asymmetrically -
placed, but assoclated with a prominant gonotyl. The oral
sucker was only one tenth of the body length, with 16 oral
spines in a single row, spaced around the oral opening.
Robinson believed the turkey vulture was an unusual host
since phagicolids are usually found in fish-eating mammals.
Ktz and Chandler (1956), working with trematodes
from Egypt, desoribéq Phagzicola longicollis from the
cat. This specles was thought olosely related to P, longa,
but differed in several details, In~oompafison with
P, lonza, the body 18 much longer (because of the inecreased
length of the slender, neck-llke portion ante:ior to the
_genital pore), the pharynx is situated a greater distance
from ‘the enterior end, the ventral sgcker instead of only
slightly over half of the body length from the anterior
end is as huoh as 70 per cent, suckers are smallér, armed
with 14 or sometimes 15 spines as compared to the 16 of
£, Jlongsa, the ceca are short (ending anterior to the ovary
instead of reaching the level of the testes, The principle
characters which this speoles have in common with 2, longa
are the structures of the gonotyls, the transverse folds of
the uterus and the follioularAcharaoter of the vitellarila,
Hutton and Sogandares-Bernal (1958) had occasion to

study mény specimene of Phagicola longicollis Kuntz and
Ohandler, 1956. They found veriation in the number of oral
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spines. Thelr findings indlcated that this species had a
range in the number of oral spines from 14 to 17.‘ Therefore
the species description was expanded to include forms with
14 to 17 spines in the oral coronet.
Hutton and Sogandares-Bernal (1958) described

2, inglel, a specles closely related to P, longa and

P, longicollis. This worm was described from one specimen
among P, longicollis and P, longa sent to these authors by
Dr. A. O, Chandler. Hutton and Sogandares-Bernal found that
P, inglel exhibited an oral appendage which was almost in
contact with the pharynx, while it is only half way to the
pharynx in other species., The phirynx of P, inglei is
located less than one third of the body length from the
anterior end, but approaches the midbody length in 2, longa.
The vitellaria in P, inglel extended only to the anterior
‘border of the ovary while they were restricted behind the
ovary of B, lonza. 2P, inglel possessed 19 very heavy crown
spines which are hooked at the tips as compared with the
15 to 18 lighter, straight spines in P, longsa. Finally;

P, inglel has an esophagus proportionately about 3 times
ionger, the eggs twice the length and diameter of those of

2, longa.
Burton (1958) reviewed the taxonomy of the genera

Ascocotyle Looss, 1899 and Phagicola Faust, 1920, He was
not in agreement with Srivastava's puilication of 1935
which reduced Ascocotyle and Phégicgla to subgenera and
revised the dlagnosis of Ascocotyle to contain species
once included in Phagicola. A4s reported above, Srivastava

i
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(1935) described Ascocotyle intermedius and placed it in
the subgenus Phagicola;‘basing his argument on facts such
as the vitellaria extended beyond the ovary to the level
of the pharynx, long esophagus, long intestinal ceca, and
that the uterine colls were confined posterior to the

genital sinus,

Burton (1958) thought Srivastava's statement to the

effect that A, intermedlus oonnected the geners of Price

(1935) with referemce to the extent of the vitellaria was
vague, He pointed out that since the vitellaria in |

1 A, intermedius extended beyond the ovary to the posterior
level of the pharynx, it should be placed in Price's (1935)
revision of Asgocotyle (s. str.). Burton (1958) felt that
since Srivastava's description of A. intermedius listed the
esophagus as short, this did not correspond to the long
esophagus oriteron by which he attempted to show that his
species belonged to the subgenus Phagicola. Burton suggested
that the other characters set up by Srivastava should be
lnvalidated since A, mcintoshi Price, 1935 possessed long
1ntestinai cece terminating in the region of the testes and
several other specles of Ascocotzle had the greater part of
the uterus confined to the reglon §osterior to the genital

sinus,

Burton (1958) was not entirely in agreement with the
af;;ngement of Price (1936). He felt that P, nang (Ransom,
1920) Price, 1932, and P, longeniformes (Ohandler, 1941)
shoﬁld be considéred intermedlate in regards to the oral

spines criteron of Price (1936), since P, nana was deseribed
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as having oral spines arranged dorsally in a double row and
ventrally in a single row while P, longeniformes possessed a
single éomplete circle of spines wlth two spines separated
more posterliorly on the dorsal surface.

Burton argued further that Travassos' description of
P, angeloi Travassos, 1928 and P, arnaldoi Travassos, 1928
indicated spinous cuticles, even though the spines on the
anterior region of the body were determined to be slightly
longer. Burton affirmed that in view of these exceptlons,
the arrangement of oral spines and the distribution of
cuticular spines could no longer be considered as valld

! generic characters, and only the extent of the vitellaria
ahould be left to separate genera.

Burton (1958) agreed that there were variations in
the characters mentioned by Lal (1939) as there were vari-
ations in the arrangement of the oral spines, the distinction
of cuticular spihee, and the extent of the uterus., Burton
maintained that none of the aforementioned could be used to
Justify separation of the two distinct genera that make up |
the complex, He felt that further revision would fall to
solve the problem, but rather cause greater confusion,
However, he stated that of the four differentlating charac-
ters used by Price (1936) in separating the genera‘
Aécggg;x;e and Phagicola, only the extent of the vitellaria
should remain vallid until such time that new analysis,
ﬁnquestionably, warrantsrevision., He gave the following.key-
to the speclies of the genus Ascocotyle and Phagicola; stating
that in Asgocglee the vitellaria exteﬁded anteriorly beyond
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the level of the ovary, whereas In Phaglcola the vlitellaria

are restricted to the postovarian reglon:

A Key to the Noxrth and South American Species
of the Genus Phagicola (after Burton 1958)

1.
2.

9.
10.
11,

12,

13.
14,

15.

16.
17.

18,

(2)
(1)

(4)
(3)

(6
(5

(8)

(7)

(10)
(9)
(12)
(11)

14
13

z
1

(15

(17)

Uterine colls confined to postacetabular
region...QO..9.....‘......0'.....00.....0..3
Uterus with a few colls anterior to
acetabulum.....P, angrense (Travassos, 1916)

Price, 1932
Totallity of spines in oral coronet in single
complete circleOQOOQOOOOOOOOO..0.0.'.0l'.l09
Totallty of spines in oral coronet not in
single complete circlecceccscscesccsceccessed
Oral coronet with 16 to 20 spineSececececceeceT
Oral coronet with more than 20 spines (two
TOoWS3 14 AN €8CH)eeecsscocccosscsssssssssons
‘o-'oooooooao¢0.a_P_&§_n_&e_192 (Travassos, 1928)

Price, 1932
Oral coronet with 16 spines in a single
complete circle with 2 spines situated more
posterlorly on dorsal Sld€eeececocccscsceases
cesesesessesels longeniformis Chandler, 1941
Oral coronet with 16 to 20 spines sltuated
in a double and ventrally in a single row...
oocoutoooo&_@_@:_ (Ransom, 1920) Price, 1932
Intestinal ceca terminating near posterlor
margin Of acetabulum..-....’.‘..............ll
Intestinal ceca extending beyond posterior
margin of acetabuluMecececerroceccorvsaesell
Oral coronet with 18 to 20 spineS..cceveecces
ceeesseesP, minuta (Looss, 1899) Price, 1932
Oral coronet with less than 18 spines (about
16¢eeeeesol. diminuta (Stunkard and Haviland

1924) Price, 1932

Oral coronet with 16 spineS..eecesseccecsesld
Oral coronet with 18 sSpineS.eeccecccssscscans
veeessssesssessl, Macrostomus Robinson, 1956
GonOtYI bipartite...o.....................17
Gonotyl single.ececeees B, byrdi Robinson 1956
Cuticula entirely spinous; vitelline
follicles 9-12 in each lateral fleld..eece..
ooho-oooolooa.o&_a_an_g-_];_d_o—i_ (Travassos, 1928)

Price, 1932
Cuticula spinous on anterior body regilon
only; vitelline follicles 2-6 in each

lateral fieldeseecoosl, longa (Ransom, 1920)

Price, 1932
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A Key to the Genus Ascocotyle (after Burton, 1958)

1.
2.

3.
4,
5.

6.

Te
8.

9.
10,

11,
12,

13,

14.

(2
(1

(4)

(3)
(6)
(5)

(8)
(7)
(10)

(9)

(12)
(11)
(14)

(13)

BOdy pyrifom....'ll'........'.00'0000000003
Body shaped like a tall beakeTresseeccecesosee
.tl.'..'.l....'...'.é‘w&_ﬂaPrice’
1935
Vitellaria restricted to postpharyngeal
reglon.....l..’.'...'.............0......'.
Vitellaria extending anterlorly to posterilor
1evel of pharynx..'..................0....‘.
ceseevesescsassssh, intermedius (Srivastava,
1935) Price, 1936
Intestinal ceca terminating anterior to
teStest0.0..'0.....0......'..0'l.......l.'.?
Intestinal ceca extending posterliorly to
anterior margin of testeS.cecececveccccosran
o-c-oooooooooo-ooo.o_A‘c_ meintoshi Price, 1936
Oral coronet with less than 45 total spines.
..IOl...........'.....l.............‘...l.lg
Oral coronet with 48 to 52 total spines
(24"26 in each Of tWO I‘OWS).................
. A, lelghi Burton, 1956
Oral coronet with 32 total spines (16 in
each of two rows).........................11
Oral coronet with 36 total spines (18 in
each O0f tWO TOWS)eeeesvessooessecssassssoacse
oooooooo-oo.ooooo&ﬂm Travassos, 1928
Uterine coils extending into post-testlicular
region...0.....‘.l.....0..0.....0...00..0.13
Uterine colls confined to pretesticular
TegioNeeseeseseeereds coleostoma Looss, 1899
Vitellaria extending anteriorly to posterior
level of acetabulum, Apex of posterlior oral
projection lying 1/3 to 1/2 distance between
oral aperture and pharyNXecesecceseescsccces
ceesessescessssl, puertoricensis Price, 1935
Vitellaria extending anteriorly to level of
genltal opening. Apex of posterior oral
projection lying more than 1/2 distance be-
tween oral aperture and pPhArYNXeeceescoreene
cocootooooooooonookw Price, 1935

When Hutton and Sogandares-Bernal (1958) described

P, inglel, they maintained that it had been the practlice of

other workers (Chandler, 1941; Kuntz and Chandler, 1956;

and Robinson, 1956) to describe several species under the

-generic name of Phagicola, therefore separating thls genus

from Ascocotyle. They thought that evidently these workers

'separatgd Phagicola from Ascocotyle on.the basis of the

following:
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Thagicola

1, Single row or an incomplete second row of oral
spines.

2., Body ineompletely spined,

3 Vitellaria not extending forward beyond the level
of the ovary.

Ascocotyle

1, Two complete rows of oral spilmes,
2. Body completely splned.
3, Vitellaria extending anterior to the level of the

ovary.
Hutton and Sogandares=-Bernal stated that they chose to

follow the same practice of separating Phaglicola and
As tyle, at least until the taxonomic status of Phagicola
is accurately determined. .
' Later, that same year (1958), in another publication
Hutton and Sogandares-éernal decided to recognize Ascocotyle
Looss, 1899; Phagicola Faust, 1920; and Parascocotyle
Stunkard and Haviland, 1924 as valid genera, They separated
these genera in a newly constructed key which 1s as follows:

1, Vitellaria extending as far forward as acetabulum;
with two complete rows of oral spines..cecceececese
csecsssevesassncsssesssssshscocot le, sensu stricto

1.« Vitellaria extending forward only to ovary, never
beyond; never with two complete rows of oral spines
.....-n.........-........Ascocot le, ww

2. With a single complete row of oral spineS.cececeess
...u..o.....o.............Pha 10018., ww

2.~ With a single complete row of oral spines and an
incomplete second row of 2 to 4 accessory spines...
ooo-oco-ooooooooocooo-ow, sensu stricto

On the basls of thelr newly constructed key, Hutton
and Sogandares-Bernal included the followling species in the
genus Ascocotyle Looss, 1899: A, angeloi Travassos, 1928;
A, coleostoma (Looss, 1896) Looss, 1899; A, filippel
Travassos, 1928; A, intermedius Srivastava, 1935; A, leighl
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Burton, 1956; A, mcintoshi Price, 1936; A, megalocephals
Price, 1932; A, puertoricensis Price, 1932; and

A, tenuilcollis Price, 1935.
Hutton and Sogandares-Bernal included the following

species In the genus Phagicola Faust, 1920: P, arnaldoi
(Travassos, 1928) Price, 1932; P, ascolongs (Witenberg,
1929) Price, 1932; ghlpxggllRobinéon, 1958; P, italica
(Aleseandflni, 1906) Price, 1932; P, longa (Ransom, 1926)
Price, 1932; P, longlcollis Kuntz and Chandler, 1956;
By macgostomgg Robinson, 1956; 2, minuta (Looss, 1899)
Price, 1932; P, piriforme (Blanc and Hedin, 1913) Price,l
1932; and P, pitﬁecophagicolg Faust, 1920 (type.species).
| Hutton and Sogandares-Bernal (1958) included the
followihg specles in the genus Parascocotyle Stunkard and
Haviland, 1924: P, angrense Travéssos, 1916) n. comb,;
P, diminuta Stunkard and Haviland, 1924 (type species);
P, langeniformis (Chandler, 1941) n. comb.; and P, nana
(Ransom, 1920) n. comb., These authors reported that Burton
(1958) errored in placing P, diminuta in his key to the

North and South American specles of the genus Phagicola
and was evidently wnaware of Stunkard end Uzmann's (1955)
redescription of Ascocotyle (Phagicola) diminuta (see the
above). |

Hutton and Sogandares-Bernal (1959) reported that
they had overlooked the species, Ascocotyle (Phagicola)
angelol Travéssos, 1928, which although having vitellaria
extending to the 1e§el of the ovary, has two rows of oral
spines. Therefore, they revised their key of 1958 as the

following:
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the genus (Pseudascocotyle) was closely related to
Ascocotyle Looss, 1899; Phagicola Faust, 1920; and
Parascocotyle Stunkard and Haviland, 1924 though 1t differed
by possessing a gonotyl perforated by the uterus and in
lacking oral spines, They thought that their genus was most

closely related to Phagicola and Parascocotyle, since the
vitellaria, like these genera, extended to the level of the

ovary.
Sogandares-Bernal and Bridgman (1960) stated that

the lack of oral splnes in their species was not an artifact
since they were also absent in the metacercariae. They also

reported that the cuticular spines in their species, unlike
Ascocotyle, Phagicola, and Parascocotyle which begin a short

distance posterior crown splnes, left a bare zone which

extended almost to the oral aperture.

Sogandares-Bernal and Brldgman accepted the subfamlly
Ascocotylinae Yamaguti, 1958 for the Ascocotyle~Phagicola
Pseudascocotyle. They included the following artificlal

key to separate these genera:

1., Oral sucker, with one or more circlet (s) of
spines; vitellarlia extending elther to level of
ovary or to acetabUIum.......-...-.,.......-......2
Oral sucker lacking spines; vitellaria extending to
level of Ovary...............-.....Pseudascocotyleg

2., Oral sucker with two complete circlets of spines;
vitellaria usually extending to level of acetabulum
0.'00...0.0.00OQOQIO.'.OOOCA_S__CO__CM-E’ .S__er_l_g_q Stricto
Oral sucker never with two complete clrclets of
spines; vitellaria never extending to acetabulum..3

3., Oral sucker with a single complete cirelet of
spines and an incomplete accessory dorsal row of
2 to 4 splnes; vitellaria extending to level of
ovaryooooooouuoocoo-oooParaSCOGOt le, sensu stricto
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Famlly Echinostomidae Looss, 1902
Subfamily Echinochasminae Odhner, 1910
Genus Echinochasmus Odhner, 1909

Dietz (1909) erected the genus Echinochasmug for
E, coaxatus Dietz, 1909; E. euryporus Looss, 1896; and
B, beleocephalus Linston; 1873. The following year Odhner
(19105 emended the genus and established the subfamily
Echinochasminae, Odhner included E. 1iliputanus Looss,
1896; E, africanus Stiles, 1901; and E, bursicola Oreplin,
1830, Dietz (1910) listed E, oligacanthus Dietz, 1910, and
E, perfoliatus Ratz, 1908 as members of the genus
Echinochasmus. The 20 years followlng Diletz' work, saw
the anmexation of E, prosthonitellatus by Nicoll (1914;
E, tenuicollis by Johnston (1917); E, amphibolus by
Keltan (1922); E, botauri by Baer (1922); E, elongatus by
Miki (1923); E. cornsus by Bhalerao (1926) E. hortense
Ghoto by Asada (1926); E. japonicus by Tanabe (1926) and
E, dietzeni by Isalchikov (1927).

Luhe (1969) set up the genus Episthmium with
E, africanus Stlles, 1901 as the type specles #nd included

E, bursicola Creplin, 1830 as an additional specles.

Luhe's principle character, which separated his genus
(Episthmium) from Echinochasmus was that the vitellarla
extended beyond the acetabulum., In Episthmium the
vitellaria extended anteriorly as far as the phérynx and
united in the medisn line. The vitellaria in Echinochasmis

rarely extend as far forward as the anterior margin of the
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acetabulum, Odhner (1910) did not recognize Luhe's genus
and surpressed 1t as a synonym of Echinochasmus. However,
Travassos (1923) recognized the genus Episthmium as valid
and included E, proximun end E, ascari as two new specles,
Bhalerao (1926) subscribed to Odhner's opinion that the
extension of the vitellaria was not a very good point of
difference. Price (1931) felt that the distribution of
the vitellaria was a character of generic value and
recognized Episthmium Luhe, 1909 as a valld genus. Price
believed that the following species should be allocated
%o the genus Episthmium Iuhe, 1909: E. africamus Stiles,
1901; E, bursicols Oreplin,”1830; B, proéthonitellatus
Nieoll, 1914; E. proximum Travassos, 1923; E, ascari
Tfavassos, 1923; and E, gornaus, Bhalerao, 1926. Price
(1931) cqntended'that on ‘the basis 6f the extént and
| distribution of the vitelline folliples, these species

formed & recognizable group.

Odhner (1910) had proposed the genus Heterechinostomum
with H, mordax Looss, 1899, as the type specles. Stunkard
and Haviland (1924) added the second specles, H, magnovatum.

4 Odhner's (1910) brinciple character in separating'

Heterechinostbmum from Echinochasmus was the cirrus pouch.
He maintained that the cirrus pouch was almost entirely
or completely atrophied in Echinochasmué while it was
rather weakly developed in Heterechinostomum. Price (1931)
thought that 1t was not possible for one to differentigte
between entirely or completely atrophied and rather weakly

.-developed,with sufficient certainly to separate the two
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genera, Therefore, he regarded Heterechinostomum as a

synonym of Echinochasmus. Thus, H, mordax Looss, 1899;

and H, magnovatum, Stunkard and Haviland, 1924; became
Echinochasmus mordax Looss, 1899 and Echinochasmus magnovatum
Stunkard and Haviland, 1924, |
Price (1931) suggested that Echinochasmus tenuicollis
'Johnston, 1917 should not be included in the genus
Echinochasmus. He thought the distribution of collar spines
"and the deeply lobed conditlon of the testes indicateq that
1t could not be a speclies of Echinochasmus, but should be
 placed in the genus Paryphostomum Dietz. Thus,
E, tenulcollis Johnston, 1917 became P, tenuicollls Johnston,
1917. |
Price transferred Monilifer pitangl Iutz to tﬁé genus
Echinochasmus on the basis of the distribution of the

vitellaria. Prior to this, Bhalerao (1926) had recognized
that this specles should not be retained in the genus
Monilifer (=Stephanoprora) dbut did not make the new
combination with the generic and specific name,

'?rice (1931) reviewed the genus Echinochasmus and
included the following species in the genus: E. coaxatus
Dietz, 19093 E‘:eggzporus Looss, 1896; E. beleocephalus
Linston, 1873; B, liiigutanus.Looss, 1896; E, amphibolus

Kaltan, 1922; E, boturl Baer, 1923; E, mordax Looss, 1899;

- E, magnoyatus Stunkard and Haviland, 1924; E, hortense
Goto (in Asada); E, Japonicus Tanabe, 1926; E, dietzeni
Isaisehikov, 1927; E, pitangi Iutz, 1924 and E, schwartal
Price, 1931. | |
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Price (1931) described E, schwartzl and reported that
1t differed from all the species of Echinochasmus'éxcept
E, oligscanthus, E, mordsx and E. pltangi on the basis of
collar splnes, He stated that E, schwartzi differed from
B, oligacanthus in the size and arrangement of the collar
spines and in the oomparafive sizg of suckers., According
to Price, E, schwartzl possessed collar spines that were
.distinctly smaller than those‘of E, oligacanthus; the row
‘'of splnes 1s iInterrupted dorsally by a space as wide as
the oral sucker, while in E, oligacanthus the dorsal
1hte:ruption of spines was very slight. Price (1931)

reported that the size ratio of oral sucker to the
acetabulum was 1:2 in E, schWQrtz and more than 1:4 in
E, oligacanthus. He affirmed that E. schwartzl differed
from E, mordax by its shorter anterior body length and

by the positlon of the cirrus pouch. In E. mordax the
cirrus'pouch was largely preacetabular, while in

B, schwartzi the postefior end of the cirrus pouch almost
reach the posterior border of the acetabulum, The 6ollar
spines and eggs of E, mordax were considerably 1arger in
proportion to the size than those of gh,schwartzi. Price
stated that 1t was difficult to distingulsh this.species
from E, pitangi due to the meager description bf the worm
by Iutz (1924), He contended that with the exception of
the length (2.4 to 3.4 mm) the characters given for

E, pitangi might £it any specles of the genus. However,
Price believed that his species conld be distinguished from
E, pltangl by the more posterior position of the testes in
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B, pitangl and the size of the eggs as compared with the
ovary, In B, pltangl the eggs are larger than the dlameter
of the ovary and about two thirds as wide, while in
B, sghﬁa;tgi the eggs are not as large in comparison with
the size of the ovary.

Beaver (1941) described Echinochasmus donaldsoni as

a new specles, He was able to complete the life cycle by
experimentally infecting guppies (Lebistes reticulatus),
perch (Perca flavescens), mollles (Mollienisia latipinna),
and bluegills (Helioperca incisor) with the cercariae
which were emerging from Amnicola limnosa and A, lustrica
collected from Hook point on Douglas Lake and from a pond
in Wilderness, Park, Michigan. Metacercariae were fed to
a pigeon and the adult worm was recovered after 7 days. |
Beaver found that wild pled-billed grebes (Podilymbus
podiceps) were nafurally infected with this worm.

Beaver (1941) reported that there were 27 specles
which had been allocated to the genus Echinochasmus Diefz,
1909, He stated that the following specles should be added
to Price's list of 1931: Echinochasmus novallchensis
Tubangul, 1932; E, rugosus and E, redioduplicatus Yamaguti,
1933; E, ruflcallis Ishil, 1935; E, ruficapensis and |
E, bagulai Verna, 1935; E, narsysni Mudaliar, 1938;

E, gorsakii, E, milvi and B, tobl Yamaguti, 1939; and
B, reinovarus and E, megevitellus Lal (1939). Beaver
thought that E, reniovarus should not be placed in the
.genus Eghindchasmus since it had vitellaria which‘extended

anteriorly into the preacetabular region. Therefore, 1t was
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placed in the genus Episthmium Luhe, 1909. The specles 1s
now correctly named Episthmium renlovarus Lal, 1939,

Beaver (1941) contended that the deseribed species
of Echinochasmus formed four sub=-groups based on the numbers
of collar spines. He found that four species, all of which
were Japanese, had 28 collar spines; 15 specles had 24;

6 species had 22; and E, dietzevl Issaltschikoff, 1927.
and E, donaldsonl Beaver, 1941 had 10 collar spines.
Beaver (1941) falled to include Echinochasmus magnovatum
(Stunkard and Haviland, 1924) Price, 1931 among the 10
ooilar splned specles of Echinochasmus.

Most of the research work on echinochasmid‘species
has been done by investigators of other countries,

Kurisu (1931) reported the finding of a new cercariae,

- Zchinochasmus grandis, in Japanese snails (Melania) and its
1ife history.. He foun@ that the cercariae developed in
Semlsulcospina, and encysted in tadpoles. The metacercarlae
were fed to white rats and puppies after they had been
allowed to develop for two weeks in the intermediate host

'(tadpoles).. The adults were recovered after two weeks of
development‘ih experimental definitive hosts,

. Witenberg (1932), working in Palestine, found the
metacercariae of Echinochasmus liliputanus encysted in

- fresh water fishes of the genera Iilapla and Nemachilus.
The metacercarise were fed to cats and dogs. The eggs
of the adult worms were found in the stools of these
animals two weeks later., Witenberg has also found

Eghingghaémus mordax in dogs. He reported that specimens
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from dogs were cansiqerably smaller than those originally
described by Looss (1899) from the pelican..

Verma (1935) studied the Indian species of the genus
Echinochasmus and described two new species of Echinochasmué;
E, bagulail and E, reficapensis from Indlan Birds. He also
described an allied genus and species Episthochasmus
caninum, a common parasite of Calcutte street dogs. In
that same year Ishii (1935) described Echinochasmus
ruficallis as a new specles from}the 1little grebe.

Mudeliar (l938)‘described Echinochasmus naraganl as a new

species‘from Milvus migrans gouinda. He differentiated this
Speciles frdm other Indian speocles by smaller size, range

of yolk glands and notched testes. Yamaguti (1939)
described Echinochasmus tobl, E, milvi and E, gorsakll

was able to experimentally obtain Echinochasmus

novalichesensis from piscine hosts. ILal (1939) described
Echiﬁochgsmué meggv;tdllus and E, reniovarus from blrds
of Indian. Prudhoe (1944) showed that the genus
Allechinostomum Odhner was synonymous with Echinochasmus
and E, famelicus Odhner new combination redeseribed.
Johnston and Simpson (1944) worked out the life cycle
of Echinochasmus pelecani from Australian host. _These
authors described this small echinochasmid from the intestine
of Pelecanus conspicillatus, They claimed that the melanid
snall, Plotiopsis tate, was infected with a cercaria which
when exposed to fresh water fish (Oryzias latipes and
Gambusia affinis encysted in the gllls. These metacerocariae
had all bf the charadters of the.adults of E, peleconi,
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However, they fall to obtain the adults after feeding
}experiments involving pigeons and rats.

Komiya (1951) reported the finding of the cercaria
of Echinochasmus perfoliatus Ratz. Xomiya described redia

and cercariae from Bythinla striatula in the Shanghal area.
He found that the cercariae differed from that of
E, perfolistus var., Jjaponicus described by Muto in several
ways; namely: (1) the absence of head spines, (2) the
absence of gut, and (3) presence of a row of spines on the
scetabulum. Komiya claimed that the cercaria of
E, perfolliatus resembled that of the American specles,
E, dongldsonl, but differed in having a row of acetabular
spines, in the absence of a gut, ahd in the structure
of the cystogenous glands. Xomiya (1951) was able to
infect a small Pseudorasbora parva with the cercarilae.
'He claimed that the metacercariae resembled those of
B, perfoliatus. :

~ Yemagutl (1951) traced the developmental history of
EchindchasmuS'japonicu . He found that the rediae and
ceréariae of gh_jagonicus.developed in Bulimus striatulus
Japonicus. He was able to infect the gills of Pseudorasbora
parva (gold-fish) and Rana ragoss (tadpoles). He was able
to obtain the adult worms from a dﬁck after two weeks of
development in this host. He found Nyectlcorax nycticorax
from the Bina Sea naturally infected as well as Milvus
migrans lineatus. He claimed that these hosts were infected
by feeding upon naturally infected gold fish.

Rao (1951), working in Oanada, described Echinochasmus
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cohensl from Larus argentatus. It had 22 collar spines
with the corner spines more posterior than the other.

He thought E, cohensi was like E, milvi but the testes
lie one behind the other, with thelr long axis parallel
to that of the body. He reported that the vitellaria
did not exteﬁd so far anteriorly and the cephalic spines
were larger, measuring 42-48u, |

Gupta (1953) described‘Ecﬁinochasmus antigonus

from the Sarus Crane, Antigone antigone Linn. He

stated that his specles was characterized by an extremely
elongated body énd 1ongitudinallj elongated testes 0.462 -
0.76 mm, a part. He differentiated this specles from

I, gorsaki by the pharynx being smaller thanAthe oral sucker
and by the 24 collar spines. The collar spines measured
0.065 = 0.041 ﬁm. at their base and lie in a single row
broken dorsally. He concluded that this species differed
from related species in that the vitellaria do not reach

the ventral sucker.

Chatterji (1954), also working in Indla, described
Echinochasmus canal from a pariah dog at Allzhabad. He
claimed that thls specles was very near E, schwartzi 'l
Price, 1931, It differed in that the smooth ovary was oa
the right side of the median line. It also differed by
the presence of a genlital sucker., The ratlo of the oral
aﬁd ventral sucker was 1:3 while in E, schwartzi it was 1:4,
His species had a well developed clrrus sac and numerous
esophageal glands.

 Vigueras (1954) studied the helminth fauna of Cuba
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and redescribed Echinochasmus megatyphlus. Shigin (1956)
working with hosts in Russila, described E. colymbi from
Colymbus cristatus. He agreed with Boshkirova (1941)

that Monilifer should be included in Echinochasmus as a
subgenus, However, he felt that Episthmium Iiihe, 1909
ghould be retained as an independent genus., He argued that
the characteristic location of Episthmium in the cloaecs,
the bursa fabricil and, occasionally in the posterior in-
testine of birds warranted this action. He argued further
that Episthmium was different from other echinochasmid
speclies by its very well developed adhegive apparatus and
cuticular spines, and the well developed vitellarla which not
only reached beyond the anterlor border of the ventral
sucker but also filled the medlan area anterior to i%.
Shigin transferred Episthochasmus to Episthmium as a second
subgenus to the type and gave a dlagnosis for Echinochasmus
and Eplisthmium with keys to'their subgenera. Shigin
‘differentiated E, colymbi from the six species in the sub-
genus‘Epiéthmium by its well developed collar with large
spines and the measurement of its body and organs.
Shakbtakhtinskaya (1956) studied the helminth fauna
of 1,044 aquatic birds representing 43 species from various
- areas of Azerbaijan, USSR. He described Echinochasmus
matevassiasni from Colymbus cristatus. Bronzini (1956)
reported the ocourrence of Echinochasmus perfoliatus, (for

the first time) in stray cats in Rome.
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SECTION III.
DISOUSSION OF FIELD "OCATION

Maritime salt marshes occur in many parts of the world
and locally may be called by other names such as
saltings (Norfolk), merseland (Scotland), salt stepe,
and so forth., They comprlse areas of land bordering on
the sea, more or less covered with vegetation, and
subjeot to periodic inundations by tide., They origl-
nate as bare mud= or sandflats whlch, as they become
higher, are colonlzed by algae and flowering plants,
the species involved varying in different parts of the
world., The plants are enabled to occupy this habltat
by virtue of their tolerance of the special conditloms
obtaining in salt marshes. The advent of the plants on
the bare flats promotes further growth in height of the
land which, as this "rising" takes place, results in
changes in the environment so that different specles
can enter the area, Salt marshes, therefore, may
extend vertically from about mean sea level up to the
extreme upper limit of the tides, where they will abut
‘'on normal land vegetation or else grade into freshe
water swanmp. : .

V. J. Chapman, 1960

Ohapman (1960) has studied the salt marshes of the
world and olaimed that they generally conform to a definite
geomorphologioal pattern though differing‘in physiography.
His overall survey of marshes indicated that they fall into
a number of distinet groups,.whioh are based on types of'
vegetation and substratum. Ohapman designated the maritime
.88lt marshes on the western side of the Atlantic ranging
from south-eastern Osnada southward to Florida and Louisiéna
as the Eastern North American group. Of hls nine groups of
world-wlde maritime salt marshes, the type I worked in 1#
listed as number four and is subdivided into the following
subgroups: (a) Fundy type which are characteric of the Bay
of Fundy snd adjacent part of the Oanadian coast; (b) the
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New England type whlch stretches from Maine to New Jersey
and includes those of Long Island; and (c) the Coastal
piain types which extend from south of New Jersey to
Florida and Loulsiana. ‘

According to Ohapman (1960) the above subgroups of
marshes differ in origin and substratum. For example, the
Pundy type is formed in front of soft coastal cliffs ﬁith
rivers and tidal erosion providing a perpetual source of
8llt, The sllt is usually reddish in color, extremely
fine, and forms a compaoct firm substratum. In contrast to
the FPundy type, the New England type has developed in front
of hard-rock ¢llffs and relatively little silt is avallable
from marine sources or rivers, In fact, they are largely
bullt up of marine peat. OChapman stated that the Coastal
plain type of marshes, like the Fundy type, have developed
in front of soft-rock cliffs and the supply of silt is
abundant, But, the soll differs from the Fundy type in that
1t is gray in color instead of red and does not form a firm

. oompacted substratum,

Johmson (1925) gave an excellent account of the
geological structure of New England type tldal-marshes.
Knight (1934) haé also studied marshes of New England and
concluded that they were land forms which developed in
conjunction with a shoreline of post glacial progressive
submergence., He outlined the following stages assoclated
with progressive submergence for the New Haven, Gonnedtiout

Region:
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A. During early submergence, a bay-mouth bar develops
between two headlands, formed of detritus from those
headlands. A sheltered lagoon forms behind the bar.

B. Submergence continues and a part of the bordering
upland and freshwater swamp is destroyed. The lagoon
fills with silt to a certain level; then builds up with
Spartina alterniflora (=S. strictas then builds up to
a hightide level with Spartina pat patens. (The so=-called
Shaler Marsh)., The bar moves landward. _ .

0. Submergence continues and more of the upland and
freshwater swamp are destroyed by encroaching tidal=-
marsh, The lower silt and Spartina-alterniflora-peat
horizon remains unchanged; §2artina-patens-peat layer
thlckens, Bar moves landward.

D. Submergence continues and more of the upland and
freshwater swamp are destroyed. The Spartina-patens
layer becomes thicker. The bar moves farther inland.

E. Submergence continues and moxre of the upland and
freshwater swamp are destroyed, The patens layer
becomes thicker. The bar moves so far inland that it
now overlies freshwater-peat and upland remains at the
bottom of the marsh; no silt or alterniflora layers
remain, (The so-called Mudge-Davis Marsh).

F. The original bar is completely removed by erosion
leaving the tidal-marsh unprotected and itself exposed
to erosion. The eroded front is composed of patens
peat, overlying freshwater peat and upland remains.

Miller and Egler (1950) studied vegetation of the
Wequetequock=Pawcatuck tidal-marshes and gave the following
general description of marshes on the New England Coast:

The tidal-marsh of the New England coast is a dis-
tinetive and easlily recognized land-form. It is a flat
meadow at or below the level of the highest tides,
originally bounded abruptly on the landward side by
scrubby and forested uplands and by freshwater swamp
and marsh, and equally abruptly on the seaward side
either by a bay-mouth sandbar, or by en escarpment of
0.5=1.0 meters leading to a muddy tidal flat. The marsh
substratum is generally a fibrous peat, mixed. with more
or less silt or sand, and 1s comsidered to be mainly

an organiec accumulation in valley mouths and behind
off-shore bars.

V. J. Chapman (1960) points out that the two primary
physiographic features of maritime salt marshes are the
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creek system and the salt pan. It 1s granted by various
workers that depressions or pans occur within marshes and
some are formed in conjunction with creek systems. However,
i1t appears that investigators are not in agreement as to the
classification or origin of depressions or pans that have
not developed along creeks (Penfound and Hathaway, 1938;
Taylor, 1938; Chapman, 1940a; Miller and Egler, 1950).

dhapman's (1960) conception of a creek pan is that a
depression is produced when vegetation grows across a creek
and dams up any portion of it, or when lateral erosion
causes blocks of soil to.féll into the creek and dam it up;
or when channels become dammed by vegetation growing across
a creek, .Gonsequently, effeotive dralnage no longer takes
place above the dam and water'remainslstaﬁding in the area
after flooding tldes.

Chapman (1960) is of the opinion that the majority of
pans typical to salt marshes might be categorized as primaxry
pans., The term implies that thls type of'pan is oontempo-
raneous wlth the development of marshes. He believes that
these pens are formed as a result of irregular plant colo-
nization which takes place ln the early stages of marsh
develqpment. Ohapman suggested that irregular plant colo-
nization leads to bare areas surrounded by vegetation. He
maintained that these bare areas, as the marsh rise in
level, loses any outlet with water that it may previously
have had, However, during spring tides, and for some time
thereafter, the pan will rétain water,

Othexr types of pans occurring in marshes may be
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derived from the creek or primary pan., Chapman (1960)
postulated that such pans may be formed by vegetation slowly
growing across a pan and dividing it up. This type of pan
has been designated as subdivision pans., .Chapman statéd
that pans of thils type‘usually occur in marshes where one or
more plant specles propagate vegetatively, e.g; maritime
grasses and rushes, ‘

Since workers are'not in agreemént as to the origin
or classification of the various pans that occur in marshes,
I am simply calling the sites (where I have collected
Hydrobia and Fundulus) "Depressions." Similar liberties were
taken by Maul (1958) in reading his paper (Eéological obser-
vation of Pools in Salt Marshes of New Jersey) at the Salt
Marsh Oonference held at Sapelo Island, Georgla. No ob=-
jection was made of his use of the term "pool" in his de-
scription of what was obviously a partidular kind of
depression. |

Several depressions in the marshes of Southeastern
New Hampshire were chosen as collection sites, The locatioﬁs
were at Durham, South Newiﬁgton, and Hempton, New Hampshire.

The marsh in Durham 1s intersected by Johnson Creek
which empties into Little Bay via the Oyster River. There
are several depressions adjacent to the creek., At low tide,
(depending upon the time of the day), these depressions have
been found to contain 6 - 12 inches of water. At high tide
the creek is filled to tue brim end overflows into the |
depressions and genéral marsh area, oSince all vegetatlon

and depressions are completely covered by water at high
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tide, at least once a day, the area was designated in a

 "ow marsh" (Davis, 1957). At low tide the depression
is nearly covered with a mat of green algae (Maul, 1958
found the algae in New Jersey to be primarly COladophora
expansa). This depression might very well correspond to
V. J. Chapman'’s description of a creek pan.

The animals collected here were Fundulus heteroclitus
end Hydrobis salsa. Hydrobla salsa was the predominate
snail in the depression though some specimens of Nassa
obsoleta were also in the depresslon. Other lnvertebrates
observed were shrimps, amphipods, copepods, archismnelids
and polychastes depending on the time of the year. This
type of assoclation might be called a "Fundulus-Hydrobis
Blotic Community." ‘ '

The depression studied in the marshes.at‘South ‘
Newington is adjacent to Gfeat Bay. It is completely iso-
lated and has no connection wlth water outlets or drainage -
ditches. The general area is not subjected to thg'daily
floods of tidal waters. Since these maréhes are only sub-
merged by spring tides, they are designated as a "high marsh"
(Davis, 1957). |

This depression contained 2 to 3 feet of water, The
bottom of the depression, like the one at Johnson Creek,
was covered with a mat of green algae. The substratum is
composed of an oozy, foul-smelling muck. This depression
fits the description of the primar& pan of Chapman (1960)
or the "pothole" of Miller and Egler (1950) though the two

workers‘are not in agreement with the names for these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67.

depressions.

The animals collected here were Fundulus heteroclltus

and Hydrobis minuta. The predominate snall in the depression

was defobia minuta. A few specimens of Nassa obsoleta were
present. Apparently, the enimals get trapped in the de-
pression during submergence at the time of the spring thaw.
Other animals observed were oligochaetes, alleocoels,

archiannelids and amphipods.

The marshes at Hampton are adjacent to Hampton River.
The river empties directly into the Atlantlic Ocean. There
are many depressions in the area and these are separated
from each other by only a few féet. The bottom of these
depressions contain a thick peat layer (one to two'feetj.
The bottoms are uﬁlike the oozy, foul, muck condition of
those at Johnson Creek or South Newlngton. Amnicola and
FPundulus were collected from these depressions. This might
be described as a Fundulus-Amnicola Biotic Community. |

Numerous muskrats have been observed in the marshes
at Hampton. During the months of January and February

twenty-six muskrat lodges were counted.
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SECTION IV,
MATERIALS AND METHODS

The mollusks which served as the first intermedlate
host In this study were collected from three different de~
pressions in the salt marshes of southeastern New Hampshire.
Hydrobia salsa was collected from the depresslons near
Johnson 6reek at Durham, New Hampshire while Hydrobia minuta
was collected from an isolated depression near Great Bay at
South Newington, New Hampshire. Amnicola sp. was collected
near the Hampton River at Hémpton, New Hampshire.-

The Hydrobia salsa and Hydrobia minuta were collected
with a fine mesh net by making a number of sweeps along the
surface of the mud snd weeds of the habitat. They were
brbught back to the laboratory in one géllon plast;c
contaliners. |

Snalls were 1solated from the mud and debris by
several mefhods. The first method used was to cover the one
gallon plastic contalner and leave them in the "cold room"
(Aquarium Room 55°F). The snails would come‘to'the surface
of the water and adhere to the container in a complete ring
above and'below the surface line.. The snalls were then

- skimmed off and placed in dilute sea water (1/3-1/2 full

"Strength). Another methbd was to dip some of the mud and
debrié directly into a'plastic eonﬁainer of dilute sea water
{one half strength) aﬁd.stir~vigorously by hand. The
contehts were decanted through a standard Tyler Screen Scale

(32 meshes to the inch with 0.5 mm openings). All of the
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debris aﬁd a few snalls were slowly decanted through the
screen, Most of the snalls settled to the bottom of the
container and could be transferred directly to clean dilute
sea water. The few snalls that were decanted with the
debris were picked up with forceps. Later, 1t was found
that snails often come up ffom the bottom of the depressions
and settle in the surface mat of algae that often covered
the depressions near Johnson Creek in Durham, and the
depressions near Great Bay in South Newington. These
snalls could be isolated in the fleld by taking several
handfuls of algae and stirring it vigorously in a half
gallon of water. The snails would fall out of the élgae and
settle to the bottom of the coptainer. |
The Amnicola collecfed in Hampton were isolated on
the fleld by shaking weeds, leaves, and other objects into a
half gallon of water. The snalls were dislodged and settled
to the bottom of the contalner. |
Approximately 30 to 50 snails were placed in each of
30 vials and covered with dilute sea water, The water was
checked several timeé a day for cercariae., Vials containing
snalls that were passing cercariae were broken down into
groups of 10 snails for each #1a1. Snalls passing cercariae
"in the second group were broken down into a third group
which contain 5 snails to a vial. Snalls in the third group,
if passing cercariae, were broken down into g fourth group
- which contalned 2 snails to a vial, and these down to the
infected snails. This method was abandoned after the first
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summer since many of the snalls died during the process of
isolation._ It was observed that only the larger snails
(II age class) were infected and they ﬁere isolated in
groups of 10 to a vial. This method was found superior
since the infected individual could be'isolatéd in a rela-
tive short period of time. |

Infeoted snalls were isolated for morphological
studies on the cercariae and eventually cracked to observe
developmental stages of the parasites, After considerable
isolation, half of the uninfected individuals (those not
passing cercariae) were cracked to see if developmental
stages of the parasites were present., One-fourth of the
other half were used for experimental infections. The
other fourth was used as a final control.

Rediae stages were removed from the digestive glands
of the snails by the use of a dissecting needle or otherwise
left in Ringers solution and allowed to leave the digestive
gland. Rediae were fixed in eorrqsive sublimate by placing -
them on a slide in a drop of saline, covering with a covér-
glass, placing corrosive sublimate at one edge, and drawing
if'under the EOVer-glass by means of fllter paper placed at
the opposite edge. |

Morphological features of the living cercariae were
studied both with and wlthout néu%fal red as an intra-vitam
stain. TFlame cell patterns were studled undef Qover-glass
pressure and the oil immersion objective of the”micrbscope.
Descriﬁtioﬁ and measurements of the cercariae are based on

cercariae that emerged spontaneously from the snall and were
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killed in hot sea water according to fhe method of Cable
(1956) .

A reserve supply of snalls was isolated 1n large
finger bowls and maintained in the "cold room" (55°F). They
were fed a weekly diet of boiled spinach. This method was
abandoned because it was found time consuming. A better
method was to stack the finger bowls containing the snalls
on top of each other and takiﬁg care to include some of the

.debris, algae, and organic content from their natural
habitat. Snails kept in this manner were not fed and sur-
vived for over eight months in-the‘laboratory.

In cases where attempts were made'to study the
biology of the snaii, only one hundred to two hundred snails
of fhe larger size or II age class were allotted to each
finger bbﬁl. Under these circumstances snail deaths were
‘kept at a minimum.

In cracked snails, males were separated from female
snails by the ovarian mass (containing the maturing ova) of
the‘female, and the relativeiy large, fleshy, penis of the
male. The male penis was located on the dorsal side and
to the right (between the head and mantle) forming the
vertex of an angle with the two tentacles.

During the routine cracking of snalls and obser;
vations .for developmental stages of parasites, 1t was diffi-
cult to determine if males were moré often infected than
females and vice versa., None of the developmental stages of
‘parasites were ever found in females which contained develop-

ing ova in the ovarian mass. But developmental stages of the
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parasite were often found in snails without male organs and
without ovarlan masses, Males that were elther infected 5r_
uninfected could be easily spotted by the presence of the
penis., A tentatlve hypothesis regarding infection in male
and femalé snails is that if male and female snalls occur
equally in number in the population, male snails are more
often infected (at least during breeding seasons) since de-
veloping stages of the parasite were never observed in

reproducing female snails.,

The second intermediate host was Fundulus heteroclitus.

They were collected with a minnow trap by placing a slice of
bread in the trap and lowering it into the depressions in
the study area. They were kept in the "cold room" in a tank
of circulating sea water supplied with a continuous stream

of oxygen.

The experimental second intermedlate hosts used were
marble mollies, red swordtails, green tuxedo sWordtail, red

platies, red wagtail platies, and red tuxedo platies.
According to Axelrod and Schultz (1955) the marble

molly is a hybrid resulting from the cross between the green

- sall-fin molly, Mollienesia latipinna, and the black sall-fin
molly, Mollienesia éghenogs. They reported that the red
swordtail and the gréen tuxedo swordtall are both hybrids
resulting from the cross between the green swordtall, |

Xiphophorus helleri.Heckel; and the red platy, Xiphophorus

maculatus Guather. Axelrod and Schultz (1955) declared that
the red wagtall platy, and the red tuxedo platy were all color
variation of the red platy, Xiphophorus maculatus Gunther.
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Various investigators are not in agreement in the
classificatioh of aquarium fishes and fishes which are wild.
Both Innes (1951) and Axelrod and Schultz (1955) place the
egg-laylng tooth-carps including Fundulus in the‘family.
Oyprinodontidae, a family which embraces top minnows. They
placed the live-bearing tooth-carps in the family Poeciliidae.
Innes (1951) placed both groups in the order Cyprindontes
(Cyprindontiformes: American Fisheries Society 1960).
Bigelow and Schroeder (1953) placed Fundulus in the family
Poeclliidae. However, the American Fisheries'Society, Special
Publication (No. 2, 1960) 1ike Innes (1951) and Axelrod and
Schultz (1955) placed both the egg-laying tooth=carps and
the live-bearing tooth-carps in the order Cyprinodontiformes;
placing the killifish (egg-laying tooth-carp) in the family
Cryprindontidae and the live~bearing tooth-carp in the
family Poeciliidae.

The experiméntal second intermediater hosts were
closely related to Fundulus heteroclitus in that they were
tooth-carps ahd belonged to the family Poeciliidae. They
differed from Fundulus in that they were live-bearers while
Fundulus is an egg layer. The experimental second inter-
mediate hosts were gradually introduced to sea water to a
concentration of half full strength ovéf a period of two
weeks and maintained at room temperature. It was only neces-
sary to bring them up to half-strength of sea water since
this represented the average salinity in the depression
where the flrst lntermedliate hbst and Fundulus were taken

during July and August.
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The experimental second intermediate hosts were
infected by placing them In a plasitic gallon bucket which
oonﬁained 3,000 cc of dilute sea water (one-hélf strength)
and approximately 1/16 of a gallon of Hydrobia salsa. The
fish were exposed to cercariase passed by the snails for a
period of 4-6 hours. The water contalning these animals
were seriated every other hour. Care was taken to see
that cercariae were still present in the "exposure. bucket
by drewing some of the water off with a plpette and examined
in a Syracuse watch glass under the wide-binocular microscope.

The experimental tropical fish were purchased from
the Ashmont Tropical Aquarium in Merrimack, Massachusetts.
The owner (Lionel A, Lambert) stated that he ordered all

- fish from Tampa, Florida where they were laboratory bred.
The fish were bought on three separate occaslons in.lots of_
one dozen. On each occaslion several fish died before they
could be brought to the laboratory. These fish were used
as a ocontrol and were carefully examined (gills and conus
arteriosus) for metacercariae. Of the seven control fish
examined, none contained metacercariae.

Studies were made on the growth of the metacercariae
(Ascocotyle (Phagicola) diminuta) from the gill arches of
experimentally infected fishes. Measurements of the length
end width were taken of 10 to 20 metacercariae from the gill
arches after one day, three days, 14 days, 16 days, 18 days,

end 30 days of encystment. These measurements were compared

with measurements on the metacercariae from wild Fundulus

heteroclitus that were taken from depressions in the study
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area. The wild Pundulus were kept in the Aquarium Room for
eight months, two months, and two weeks for purposes of
determining if there were changes‘in the growth rate of
metacercariae. From such studies an estimation was made on
the average length and width which the experimental meta-
cercariae had to reach before becoming Infective for
experimental definitive hoéts. This was carried out by
feeding gill arches containing metacercariae which had .
reached the estimated size 1imlt of infectlion to the varlous
experimental definlitive hosts.,

Further morphological studlies were made on two weeks
to four week old metacercariae. They were removed from the
gill arches by allowing a gill arch to remain in Ringer's
solution (consisting of the balance variety of saltslplus
dextrose) for a week. After a week, the gill filaments had
started to break down. The metacercariae were removed from
the decaying filaments by gentle agitation with a dissecting
needle. Although the filaments decayed at a relatively fast |
rate, the metacercariae were still alive and moving around
within the cyst. DNext the metacercariae were transferred to
clean Ringer's solution where they were allowed to remain
for another Wéek. On the second week they were removed from
the partially decayed cyst wall with fine pointed insect
needles. These experimental metacercariae were compared
wlth metacercariae previously removed from wild Fundulus by
the same technique employed for experimentally infected
fishes. .

Some excystment of metacercariae from the gills of
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wild Fundulus was carried out by the method of Macy and
Moore (1954) employing weak concentrations of sodiuml
hydroxlide. However, excysted metacercariae obtalned by'fhe
method of Macy and Moore (1954) were not used for comparison
studles since the method could not be refined and all speci-
mens obtained were dead. It was not advisadble to use such
speocimens for critical mbrphological,gtudies.

. The experimental definitive hosts used were white
mice, white rats, and chicks. All of the white mice used
were laboratory reared from 12 mice purchased by the Zoology
Department during the Summer of 1959.. All 7 to 10 day old
chicks were hatched in an ;ncubaﬁor by the Poultry Departiment.
Two groups of one-day old chicks (10 in each group) were
.patched out in the lncubator of the Zoology Department from
eggs obtained from the Bacterlology Department. A third
group of 20 (one-day o0ld) chicks was hatched in the incubator
at the Poultry Department.

- The whlte rats used were acquired from Dr. W, L.
Bullock. All white mice and white rats were fed gill sections
from fish., The animals were first separated one to a cage and
were -gilven no food in a 24 hour period. The animals were
given water in a Syracuse watch glass placed on the floor of
the cage. After the allotted 24 hours gills from one or
several fish (see tadbles on feéding'experiments) were pléced
in the Syracuse watch glass along with a 1ittle water. . This
method wés followed with both gills from f£ish that were
ihfected in nature and those from fish infected 1n the

laboratoxy.
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Chicks were fed differently. They weré fed all or
part of the gills from oné f£ish by holding their mouths open
and placing the gills in the back of thelr mouths with
forceps. They were given water from pipettes or otherwise
release and allowed to drink from syracuse wétch glasses,

All chicks and mice were killed in 1,000 ml. beakers
containing a layer of cotton on the bottom which was satu-
rated with chloroform, These animals were placed in the
beakers and covered with a flat object. White rats were
killed by lowering a paste board box, contalining cotton
saturated with chloroform, over the cage.

All enimals weie examiﬁed for parasites by taking
the intestine out and placing them in a saline solution.
The small intestine was cut into two inch sections, placed
in the botiom of a petrl dlsh. The sectlons of the small
intestine wefe laid opeh with scissors. After the ex-
traction of obvious helminths, the organ was scraped and
contents poured into a small Jar. The contents from 2 inch
sections of the intestine were concentrated by the shaking
technlique of Looss,

All specimens of Ascocotyle (Fhagicola) diminuta
were placed in syracuse watch glasses, contalning Ringer's
solution and placed in the refrigerator for 6 or 12 hours.
The Ringer's solution was drawn off with a pipette and
replaced with hot Bouins. Speclmens of Echinochasmus
magnovatum were treated in the same manner, but meny speci-
mens died in the unextended condition., Better results were

obtained when the echinostomes were relaxed by adding a
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small amount of menthol to the Ringer's solution which con-
tained them. Some of the echinostomes were fixed on a slide
under cover-glass pressure in the same manner as rediae were
fixed (see the above) but with Bouin's fixative instead of
corrosive sublimate.

A1l whole mounts were Stained in Grenacher's
alcoholic borax-carmine used by the Lynch's precipitation
method. All sectioned material were stained in Ehrlich's
hematoxylin and conterstained in eosin.

The millimeter was used as the unit of measurement.
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SECTION V.

Morphology and Life History of Ascocotyle
(Phagicols) diminuta (Stunkard and Haviland, 1924)

Stunkard and Uzmann, 1955

A, Observation and Experiments

Pundulus heteroelitus are trapped, during low tide,
in the depressions of salt marshes, blisected by Johnson
Creek, near Durham, N, H, They #ere often seen swimming
aloné the bottom of depressions which contain one to two
feet of water (depending upon the time of the day).
Fundulus heteroclitus collected from these sites had meta-

cercariae of Ascocotyle (Phagicola) diminuta on their gills.
The metacercariae were of various sizes and stages of
development,_including many that had recently encysted.

Numerous brackish water snails, Hydrobia salsa
Pilsbry, were found in depressions; burrowed in the subtratum,
adhering to the surface mat of algae or were émong vegetation
élopg the edgés. Hydrobla salsa collected from these de-
pressions and isolated in small vials, passed heterophyid
ceréariae of the pleurolophocercous type.

During the summer of 1959, killifish were collected
and kept In the laboratory for over a mounth to allow all
metacercariae to grow to maturity. Several of these fish
were placed in a small aguarium containing diluted see water
(1/2 full strength) and 2 large number of snails (Hydrobia
salsa) collected from the same depression.

A second group of fish, serving as the control, was
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maintained in another aquarium without snails. The experi-
ment was allowed to run for three weeks. After the allotied
time, the gills of the fish were examlined. Fish from the
experiméntal aquarium had large numbers of metacercariae on
their glills. Nearly all of the space on the gill filaments
were occupied by metacercariae, Many of the metacercarise
had recently enc&sted and had eye spots, no oral spines,
poorly developed excretory vesicles (no granules on the
inside and very small), and were unfolded inside their thin-
walled cyst. Some of the cercariae had encysted on mucus
secreted by the gills and Werevin the same stage of de=-
yelopment. Their small size and unfolded condition inside
the cyst indlicated that they had recently encysted. Older
metacercariae were larger, had scattered eye épdt pigment,
oral spines, prominent excretory vesicles (large with
granules on the inside), and the wormslwere folded in

thelr cysts.

Fish from the control aquarium dld not possess the
heavy infectlon of metacercarlae on their gllls as did those
from the experimental aguarium. A4ll metacercariae had
reached the advanced stages of development. All worms had
scattered eye spot pigment, oral crown spines, prominent
excretory vesicle, and were folded inside of their cyst
walls. The above experiment was repeated twice in 1959 and
once during the summer of 1960 with the same results. These
experiments 1ﬁdicated that the heterophyid cercariae
(pleurolophocercus type) from Hydrobis salsa encysted on the
gllls of Fundg;gg.gpteroqliyus’and agreed substantially
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with older metacercariae described as those of Ascocotyle
| (Phégicola) diminuta by Stunkard and Uzmann, 1955. |
Killifish collected directly ffom Johnson Creek
(stream) were also infected. Therefore infections were
plcked up while Fundulus heteroclitus were tfapped in de-
pressions (where the brackish water snail,'szrobia salsa,
are abundant) all along the creek. Since many of these
animals conme ﬁp into waters of low salinify to spawn many
~of them were probably infected while they wereAquite young.
This, perhaps, couid accoumnt for the fact that Fundulus
heteroclitus without metacercariae.on their gills are seldonm
found. | )
K111ifish collected from the depression in South
- Newington were more heavily infected. The degree of in-
fection in fish collected from this site came closer to the
heavy infection obtained in experimental aquarium than those
collected from Johnson Creek.
Fundulus collected from Crommet Creek in Durhem,
N. H. 2also were infected and the degree of infection was
.about the same magnltude as those colieéted from Johnson

Creek.

Fundulus heteroclitus collected from depressions

near Meadow Pond in the vicinity of the Hampton River at -
Hampton, N. H. where the salinity was much lower had only
slight infections., The snail most often encounted was

. Amnicola sp., a member of ﬁhe Hydrobiidae, but restricted
to fresh water. These snails did not pass heterophyid

cercariae.
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The incidence of cercarial Infection in snails were
determined by crushing 100 to 300 snails (Hydrobia salsa)
each month from Johnson Creek; when the second snall specles

(Hydrobis minuta) was examined from South Newington, 200 each

were examined; It was found that only the larger snails
(probably of the II age class) were infected. However, in
seleoting snails for crushing no attempt was made'to sepa=-
rgte larger snails from smaller snails. Therefore, the
distribution of larval trematodes in the Hydrobiidae, shown
in Table I, 1s based on random sampling. Although several
families (Heterophyidae, Microphallidae, Allocreadiidae, and
Notocotylidae) were pfesent in these snails, no double in-
fections were encounted in 2,881 snails.

The average level of infection (for all families) in
H, salsa was from 1 to 4 percent. A peak of 5.4 was reached
during the latter part of July and éradually tapering off
during the months that followed. The incldence oflinfection
in H, pinuta was higher. There was an increase in Infection
from the latter part of July with a peak of 21.5 percent
near the end of September, Infections with all parasites
dropped to 10.6 percent in early November (see Table I).

Measurements of heterophyid metacercariae on the

gllls of wild Fundulus heteroclitus from all study areas

indicated that there were considerable variationgin both

length and width., A second set of experiments with wild
, Pundulus was set up to determine (1) if the variations

in size of metacercariae on their gills would reach uni-

formity after a long period. of time and (2) if not, was the
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TABLE I, DISTRIBUTION OF LARVAL TREMATODES IN THE HYDROBIIDAE
OF SOUTHEASTERN NEW HAMPSHIRE

Date Locality Snail ~ Examined Infected Percent of Infected Family

Allocreadildae

L4/2L,/60 J. Creek.
6/17/60 J. Creek
7/21/60  J. Creek

salsa 102
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Microphallidase
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Microphallidase
Notocotylidae

7/24/60 S. N. Creek H. minuta 321
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8/27/60 J. Creek H. salsa’ 360 Heterophyidae
' Microphallidae
Notocotylidae

Allocreadiidae

Heterophyidae
Microphallidas
Notocotylidae
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8/27/60 S. N. Creek H. minuta 300

Heterophyildae
Microphallidas
Allocreadildae

9/29/60 J. Creek H, salsa 200
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TABLE I. (Continued)

Date Locality Snail . Examined Infected Percent of Infected Family
9/29/60 S. W. Creek H. minuta - 200 8 Lo Heterophyidae
, 33 16.0 Microphallidae
3 1.5 Notocotylidae
11/11/60 J. Cresk H, salsa 300 L 1.3 Notocotylidae
' 2 6 Heterophyidae
11/11/60 S. N. Creek H, minuta 300 3 1.0 Notocotylidae
: L 1.3 Heterophyidae
25 8.3 Microphallidae
11/12/60 H. Creek Amnicola sp. 87 3 3.0 Allocreadiidae
12/8/60 H. Creek Amnicola sp. 32 0 == eememceeeeeo
12/10/60 Freeze
L/3/61  S.'N. Creek H. minuta 150 - 0 mem e
L/3/61 J. Creek H. salsa. 55 1 1.8 ’ Allocreadiidae
_ 12881 Total

118
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variation in metacercarizl sige significant. Fish from
South Newington were from standing water and remained in the

depression with infected snails (szrobia minuta) for at

least a year. This time period was estimated on the grounds
that the depression was completely covered with water during
‘the spring thaw; at which time fish had a chance to leave the
depression. Fish from Johnson and Crommet Creek were in and
out of the depressions at least once a day. Therefore there
was no way of estimating the age of metacercariae,
Measureﬁents were made on metacercariae from the

gills of Fundulus geterbclitus taken from JdJohnson Creek and .

South Newlngton after three weeks isolation in the cold room
‘(55°F). The three week time period was for the purpose of ale
1owing mnetacercariae that had recently encysted to grow to

~ the infective size, All metacercariae measured would repre=-
sent the theoretical size that any experimental metacercariae
would have to reach before becomlng infective for experi-
mental definitive host (white mice, white rats and day-old
chicks)., PFish from Crommet Creek were kept in the cold
room for eight months before measuring metacercariae in
order to determine (1) if there would be less variation and

(2) did metacercarial size approach those from standing

water.

The table below shows that the average measurements
for metacercarize on the gills of fish from Johnson and
Crommet Creek are nearly the same though the 1atfer had been
kept in the cold room for eight months, The number of

metacercariae per gill arch is much greater in fish from
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standing water than those from running water. It appeared
that metacercariae stopped growing in the "eold room" after
they reach the infective size., The average measurements of
metacercariae from South Newington differ from those of both
Johnson and Crommet Creek,

Table II. Oomparison of Average Measurements of Meta-
cercariae on Gills of Wild Fundulus heteroclitus

Meta- Range . Mean Coefficlent Location
¢cercariae of of of
per Gill Size © Variation Depression
Arch

12 (L) 0.11 - 0.21 0.16 199 J. Creek

‘ (running water)
(W) 0.07 - 0.14 0.10 23%

42 (L) 0,12 - 0.25 0.19 17% S. Newington

(standing water)
(¥) 0.08 -~ 0.17 0.12 17% |

23 (L) 0.1 - 0,22 0.16 17% C. Creek .
(running water)

(W) 0.07 - 0,15 0.10 21%

The graphs.in Pigures 1, 2, and 3 represent every
metacercariae that was measured (length and width). The
degree of variation from Johnson a2nd Crommet Creek are
considerable but comparable to each other as belng repre-
sentative of a running water habitat. The graph for South
Newington shows less variation in length and width of meta-
cercariae than those from Johnson and Crommet Creek. The
graph for South Newington also indicated that the width of

metacercariae approaches a more uniform size than for length.
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FIGURE 1. METACERCARIAE FROM THE GILLS OF WILD Fundulus
heteroclitus (JOHNSON CREEK AT DURHAM, N. H.).
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FIGURE 2. METACERCARIAE FROM THE GILLS OF WILD Fundulus
heteroclitus (CROMMET CREEX AT DURHAM, N. H.)
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-FIGURE 3. METACERCARIAE FROM THE GILLS OF WILD Fundulus
heteroclitus (SOUTH NEWINGTON, N. H.).
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This may be explained by the way metacercariae position
themselves on gill filaments (thelr longer axis parallel to
the longer axis of the gill filsment). Therefore, they had
more room to grow in length and less room for width.

The variation in sizes of metacercariae from differ-
ent habitats studled led to critical feeding experiments
which involved fish from the various locallties and experi-
mental definitive host (white mice and chicks). These
experiments indicated thaf the same worms were involved.,
Worms were recovered from experimental host after allowing
them to remain for differsn§ time periods., Appendix I
shows the results of the feeding experiments énd the remark
colum describes the method of feeding, length of experiment,
and. developmental status of worms after recovery.

The results of these feeding experiments agree and
augment those of other workers. Some metacercariae of

Ascocotyle (Phaglcola) diminuta were able to grow to maturity

in mice three days after the infective feeding, while others
required as long as eight days. The wormsAappeargg to mature
at different sizes, All nmetacercariae were.éble to grow to
méturity after only 4 days in day-old chicks, ~Matufe Worms
grew to larger sizes in chicks than in mice. Infectlons
were tried with 7 day=-old chicks that had been on a dlet of
chicken feed; no worms Weré recovered. In all experlments
with chicks, where worms were recovered, day-old chicks were
-used. The usual method of infection was to place Infected
gills in the back of their mouths with forceps (followed by
a pipette of water) while their feathers were still wet.
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Susceptibility to infection in day-o0ld chicks and the degree
of refractivity in older chicks lend support to the opinion
of other workers (Sogandares-Bernal and Bridgman, 1960) that
new born chicks are more susceptible to trematode infections
than older chicks.

| The earlier experiments (see the above) with wild

Fundulus heteroclitus indicated that the heterophyid larvae

(pleurolophocercous type) pvassed by Hydrobia salsa Pilsbry

were encysting on the gills as metacercariae of Ascocotyle
(Phazicola) diminuta. For more conclusive evidence,
tropical fish which were 1aboratory-reared were used. The

fish of choice was Fundulus chryvsotus, a species that has

been laboratory-reared. However, the only fish that were
in stock were marble mollies, red swordtalls, green ituxedo
swordtalls, red platies, red wagtall platles, and-red
tuxedo platies.

Cercariae encysted as metacercariae on the gills of
all troplcal fish used. Better inecticns were obtained
with the red swordteil and their varieties,agd green tuxedo
swordtails than with the marble molly. The marble molly
appeared 1o have had a low degree of susceptibllity to
infection and had only a few metacercariae on thelr gills,
There is no evidence that this was due to manner of infection
since all mollies were exposed to cercariae along With other
fish and in the same "exposure bucket."

Measurements werevtakenAof 10 to 20 experimental
metacercariae after 2 to 4 weeks of development. Some

measurements were taken of metacercariae at 1 to 3 days
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whiie studying cyst formation. Cercariae are swept into the
gill chamber of fish and attached %o gill filaments., They
'get a2 hold on the gill filament by the use of the special
arrangement of spines around the mouth (spinose armature).
They have been observed a few hours after atitachment and
were found lying against the gill filament with the spinose
armature embedded and tail throwa off. At the end of the
first day, a thin wall surrounds the cercariae, apparently
secreted by the ﬁystogenous glands. The worms actively
moved inside the thin walled cyst. The eye spot plgments
were still intacf as were in the cercariae. No oral splnes
could be seen at this point in development and the excretory
vesicle appeared in about the same stage of development as
was in the cercariae.

Peeding experiments were carried out with these
joung metacercariae. A white mouse was examined five dayé
later and found negative. It is generally known that meta-
cercarlae require two weeks or more in the second inteimediate
host before they are able to giow to.maturity in definitive
host. Therefore, negative results were expected, but'there
might have beén a chance of these larval stages completing
their development in the muscosa of the mouse, Serial
sections of the intestine'yielded further negative results,

After two weeks‘éf development in tropical fish,
metacercariae had increased their leﬁgth by a factor of
nearly 2%, and their width almost by a factor of 2 (see
Table III). The worms were folded inside the byst walls,

excretory vesicle well developed (characteristic Y-shape and
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TABLE ITII. COMPARISON OF MEASUREMENTS OF EXPERIMENTAL METACERCARIAE ON THE GILLS OF
| EXPERIMENTALLY iNFECTED TROPICAL FISH., (FIRST LINE OF FIGURES FOR EACH
HOST REPRESENTS LENGTH WHILE THE SECOND REPRESENTS WIDTH),

No, of ‘Meta- Days of Dev. Range Mean Coefficient Host
cercariae- _ of Variation
17 1 0,06 - 0.09 0.07 1h.3% Green Tuxedo Swordtail
- 0.05 - 0.06 0.06 2.8% :
18 1 0.06 - 0,08 0.07 1l..2% Brick Red Swordtail
‘ 0005 - 0008 0006 3.3/0
18 1 0.06 - 0.09 0.07 1h..2% Red Wagtail Platy
- 0.05 - 0.08 0.06 16.6%
20 . 1 0.05 - 0.08 0.06 16.6% Red Tuxedo Platy
. 0.03 - 0.06 0.05 20%
15 3 0.05 - 0.11 0,08 21.2% Red Swordtail
0.03 - 0.06 0.05 20%
20 1L 0.11 - 0,16 0,15 8.6% Green Tuxedo Swordtail
‘ 0.06 - 0.11  0.09 15.6% :
15 16 0.1 - 0.17 0.16 6.6% Red Platy
. 0.08 - 0.11  0.09 11.1%
10 18 0.09 - 0.17 0.15 1l.6% Green Tuxedo Swordtail
. 0006 - 0.11 0.09 lSoS
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granules on the inside), oral spines visible, and eye spot
pigments were dispersed. The average length was 0,15 and
the width 0.09. These dimensions changed only slightly
after 4 weeks or more (see Table III). The average length
and width of metacercarias appear to be.constant In all
tropical fish after 2 weeks of development (except changes
in size renges). Many metacercariae were taken out of their
cysts (from the green tuxedo swordtail) after three weeks of
developmeﬁt. Whole mounts of experimental metacercariaé are
comparable with metacercariae from wild Fundulus. The only
difference was size which was expected since they were
younger.' |

All metacercarize on the gills of tropical fish do
ﬁot develop beyond the third day. Some measurements were
taken of 18 day old metacercariae from a green tuxedo sword-
tall that had not grown beyond those at 1 to 3 days of
development. _All of thése small metacercariae were dead.

Feeding experiments with various types of tropical
fish contéining 3 to 26 day old metacercariae were conducted
with 8 laboratory-reared white mice. The miqe were killed

" at indervals of 1 to 4 days with negative results (Tables

IV and V), Day old chicks were fed gills from tropical fish
containing 16 to 20 day old metacercariae. Six chicks were
killed 1 to &4 days later and infections were obtained in
'half of the chicks (Tables VI and VII), Both positive and
negative results were obtained with chicks that had been
fed 16 day old metacercariae from a green tuxedo swordtall.

The few worms recovered after only 2 days of development in
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TABLE IV. RESULTS OF FEEDING Ascocotyle (Phagicola) diminuta METACERCARIAE

FROM EXPERIMENTALLY INFECTED RED SWORDTAILS TO WHITE MICE.

Experimental A. (P.) diminuta o : Remarks
Animal .

A1l mice in this table were fed all
of the metacercariae on the gills of
experimentally infected Red Swordtails
(Xiphophorus maculatus Gunther), their
varletlies, and hybrids. All meta-
cercariae were from one to three days
old.

Mouse No., 1 Negative Mouse No. 1 was fed gllls from ons
: Red Swordtall. All metacercariae wore
three days o0ld and very active. Eyse
spots were still intact and there was
no evidence of oral spines., The mouse
was killed and examined on the fourth
day.

Mouse No, 2 ' Mouge No., 2 was fed two infective
: feedings of gills (containing one day

old metacercariae) from two Red Tuxedo
Platies. Most of the cercarlae had
formed very thin-walled cysts around
themselves and were qulte active. The
mouse was killed and examined on the
second day.
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TABLE IV. (Continued)
Experimental A. (P,) diminuta Remarks
Animal
Mouse No. 3 Negative Mouse No. 3 was fed one infective

Mouse No. L ' "

Mouse No. 5

feeding of gills from two Red Wagtail
Platies (containing two day old meta-
cercariae). The mouse was killed and
examined on the third day.

Mouse No. li and No. 5 were fed the
gills (containing three day old meta-
cercariae) of a Red Wagtall Platy in one

- infective feeding. The animals were
killed and examined the next day. -

*L6
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TABLE V. RESULTS OF FEEDING 2, (P.) diminuta METACERCARIAE FROM EXPERIMENTALLY

INFECTED GREEN TUXEDO SWORDTAILS TO WHITE MICE,

Experimental ' A. (P.) diminuta Remarks%
Animal - o
Mouse No,., 6 Negative Mouse No. 6 and Mouse No. 7 were

glven one~half of the gills (containing
eighteen day old metacercariae) from one
Green Tuxedo Swordtail (Xiphophorus
: hellerl Heckel) in one infective feeding.
Mouse No. 7 " The animals were killed on the third day.

n Mouse No., 8 was given one infective
feeding of gllls (containing twenty-six
day old metacercariae) from the marble
molly (a hybrid resulting from the cross
between the Green Sail-fin Molly and the
Black Sall-fin Molly). The animal was
killed and examined on the third day.

Mouse No, 8

% The metacercariae fed to mouse No. 8 were few in number., They measured O.1ll - 0.16 mm,
in length and 0.06 - 0,08 mm. in width,

"6



TABLE VI. RESULTS OF FEEDING Ascocotvle (Phagicola) diminuta METACE RC“RIAE

FROM EXPERIMENTALLY INFECTED GREEN TUXEDO SWORDTATILS TO DAY-OLD CHICKS.

‘uolssiwiad noyum pangiyosd uononpoidal Jayung “Joumo ybuAdoo auy Jo uoissiued yum paonpoiday

Experimental A. (P.) diminuta Remarks¥
Animal '
Chick No. 1 Chicks No. 1, 2, 3, and l} were fed
Chick No, 2 Negatlve two gill archses each from a Green Tuxedo
Chick No., 3 " Swordtail, All metacercariae were
Chick No. U " twenty-one days old.

Chick No. 1 was killed and exsmined
on the second day.

Chicks No. 2, 3, and l} were killed
and examined on the fourth day.

3% All chicks in this table were one day old,

They were given thelr first infective

feeding of gill arches while their feathers were still moist, The chicks were gilven

no other food, except water,
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TABLE VII. RESULTS OF FEEDING Ascocotyle (Phagicola) diminuta METACERCARTIAE

FROM EXPERIMENTALLY INFECTED RED SWORDTAILS AND GREEN TUXEDO
SWORDTAILS TO DAY-OLD CHICKS AND A WHITE RAT.

Experimental £, (P.) diminuta : _ Remarks
Animal ,
Chick No. 5 10 o Chicks No. S and No. 6 wore fed four

gill arches each (containing 18 day old
metacercariae) from the Brick Red Sword-
tail (Xiphopharus maculatus Gunther).
: . These animals were killed and examined
Chick No, 6 3 on the fourth day,.

Rat No. 1 63 . A white rat was fed six whole fish
(four Brick Red Swordbtails and two Green
Tuxedo Swordtails) all of which con-
tained 18 to 20 day old metacercariac,.
The rat was killed 6 days later,

‘00T
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the chick and the failure to recover worms after the fourth
day could be due to the limited amount of infectlive material
that was available at the time of the feeding. Table VII
lends support to this contentioﬁ since infective material
used in feedings was doubled and a maxlimum of 13 worms were
recovered after four days of development (Table VII).
| The feeding experiment with a white rat yielded
better results (Table VII). The rat was fed two fish for 3
days, a total of six whole fish (4 brick red swordtails and
2 green tuxedo swordtails), all of which contained 18 to 20
day old metacercariae. The rat was killed six days”late:
and most of the worms recovered were immature with a few
mature specimens. It is the opinion of the writer that the
. mature specimens were three to fqur days old and the imma-
ture specimens were about two days old.
B, Description of Stages (all measurements are in milli-
meters and the figures in parentheses are averages)

The adult description given below does not pretend
to be a redescription of an already adequately described
Ascocotyle (Phagicola) diminuta Stunkard and Uzmann, 1955
It is described from day-old chicks, mainly, because they
have not been described from experimental bird hosts.
Further, when Stunkard and Uzmaenn (1955) redescribed and
figured this species from a white rat, they reporfed it
was refractive in chicks. Another reason for describing this
species is that its complete life history, from the cercarlia
to the adult,.has beeﬁ worked out in our laboratory at the

University of New Hampshire, Heretofore, the larval stéges
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from mollucian hosts have not been linked with adult
trematodes belonging to the Ascocotyle Complex.
Adult

Diagnosis: Body triangular or flask shaped, 0.26 to
0.32 (0.29) long; 0.10 to 0.13 (0.11l) wide at level of ovary.
Cutlicle covered with small scale-like_spines arranged'in
alterating transverse rows that extend from the back of the
oral sucker to the posterior end of the body; leaving a gap
(without spines) which spans across the excretory pore: and
about half the distance of the testes. Oral sucker 0.03 to

 0.04 in dismeter, terminal, oval to conical, and surrounded
by a single row of 16 spines and an incomplete second row .
of 2 spines: _

The oral sucker is equipped with a funnel=like oral
appendage (0.03 in length) which hangs in back of the
prepharynz, The slender prepharynx is continuous with the
cavity of the oral sucker and is in front of the oral
appendage. The prepharynx is about as long as ox may be
shorter than the ofal appendage{(depending upon the degree
of contraction of fore body). The pharynx is oval in shape,
measures up fo 0.03, and is locate. near the blfurcation of
the intestine. The pharynx is followed by a short esophagus
which has a varying length up to 0.03 or is sometimes equal-
1y as long as the‘prepharynx. |

The esophagus épens up into the bifurcated intestine
which continues toward the posterior, terminating Just be=-

.4 Jae posterilor border of the acetabulum. The acetabulum

is located just below the bifurcation of the intestine., It
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measures up to 0.04 in diaﬁeter, 1s median in position, and
situated in the posterior half of the body. The gonotyl is
small, elongated transversely, in front, and slightly to the
right of the acetabulum,

The testes are round to oval in shape, measuring
0,04 in diameter, symmetrically arranged, opposite each
other, slightly wider than long, and situated near the
posterior margin of the body. The ovary is small, round %o
oval; measuring up to 0.03 in diameter and 1is located above
the testes near the center'of body, but in some instances 1t
is displaced slightly above the right testis. The seminal
receptacle is small, oval and one third of the size of the
ovary and is elther immediately below the ovary or to the
right of the ovary. The seminal vesicle is elongated trens-
versely across the body, above and to the left of the ovary.
Its wider bulb-like posterior margin 1s towards the ovary
while 1ts narrow aﬁterior end extends toward the right and
forward in the direction of the acetabulum.

The space between the ovary and acetabulum 1s filled
with several colls of the uterus. The uterine colils start |
just below snd to the right of the ovary where it passes
posterior, for a éhort distance, toward the testes and loops

'forward; crossing the ovary and‘testes, zig=zags several
times in thelépace between thé ovary and acetabulum, and
passes forward to the genlital pore. |
Hosts: First intermedlate, derobié Salsa Pilsbry; experi--

- mental second intermediate, tropicel fish (mollies,

swordtails, and platies); experimental definitive,
- day=0ld chicks and white rats. .
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Location: Gill filaments of experimental troplcal fish and
small intestine of experimental definitive hosts,
tosiaty, Fipet intemediels ot Sutsghy sbae i,
creek in Durham, N, H.
Metacercaria

The method of infection, encystment, aud subsequent
'developmental changes were ascertained from tropical fish
that were experimentally infected in the laboratory. The
weak swimming ability of the cercariae and thelr hablts of
settling on the bottom of dishes (landing on their dorsal
sides with thelr long tails upward and motionless) after
brief intervals of swimming, suggested that they were
carried passively into the glll chamber, where they a#tach
to the gill filaments. | |

Pish examined after 2 to 3 hours of einSure had
large numbers of cercarise in the gill chamber. Many were
trapped in mucus secreted by the gills, Sbme cercariae ap=
peared to be trying to free themselves while others had
already lost thelr talls., Those that had thrown the tall.
off were lylug flat against the glll filament with the
spinose aramature buried into the gill filament, After 24
hours, a thin primary cyst wall enclosed the cercarise.
After 1 to 3 days fhe body of the metacercariae did not
diffef appreciably from that of the cercarlae.

After 14 days the body of the metacercariae had
grown in length and width and had other lmportant changes:
(1) body folded ventrally; (2) oral crown of spines well
developed;'(B) oral appendages distinetly visible;
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(4) éye spots dispersed into scattered pigment near the
'pharynx: (5) intestinal ceca well developed and contained
discernible cecal platelets; k6) excretory vesiocle well
developed and had acéuired characteristic Yeshape; and (7)
the cyst wall had thickened and included host tissue., After
- 21 days, the slze of the cysts had not grown much beyond what
they were at 14 days, but the morphology of the metacercariae
was more pronounced though there appeared to be little, if any,
change in growth of the metacercariae.
By comparing experiméntal metacercariae (see Table
III) on the gills of tropical fish with those on the gills
of wild Fﬁndulus and experimental evidence from feeding experi-
ments with dayeold chicks, 1t was observed that experimental
metacercariae reach the size of wild metacercariae 14 days
after encystment but become infective for definitive host
after 21 days'of a few days earlier (18 days).
Diagnosis. Fairly large and elliptical in shape;
wild metacercariae from running wafer measured 0,11 to 0.22
(0.16) 1n Llength and those from standing water 0.12 to 0.25
(0.19) whilé 33 day old metacercariae from experimentally
infected tropical fish measure 0.13 to 0.16 (0.15) in length.
| The width of metacercariae is about 2/3 of the length.
Metacercariae from wild Fundulus taken from running water
measured 0.07 to 0,14 (0.10) in width, those from standing
water 0.08 to 0.17 (0.12),2and those from 33 day'ol& meta=
cercariae from expefimentally_tnfgcted tropical fish 0,08 to
0.11 (0.09) in width. The poaiﬁion of the metacercariae is

such that fhe long axis‘df.the metacercariae is parallel
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to the long axis of the gillvfilament. Older metaoefcariae
are folded'ventrally so that the tall and head ends are nearly
even. The excretory vesiole in the hind end of the body is
large and has a characteristi¢ Y-shape., It appears to be
filled with little solid bodies, The cyst wall of the
metacercarliae seemed to thicken as the metacercarlae grew
older. Part of this thickness is due to the primary and
secondary cyst walls of the metacercariae and some 1s due to
the connective tlssue reaction of the host's tissue, Other
features which distinguish the metacercariae are the oral
~crown of visible spines, oral appendage, pharynx, intestinal
ceca, and V-shaped excretory vesicle.
| Oerceris |
Since all rediae contain only incompletely developed
cercariae, 1t appears that the cercariae leave the rediae
before completing their development., Other cercariae
(Cryptocotyle lingua) of the family Heterophyldae go to thé
interlobular spacés of the digestive gland where they
complete their development (Stunkard, 1930). The cercarise
of Ascocotyle (Phagicola) diminuta follow this same pattern.

Normally emerged cercariae, under slight cover slip pressure,
measure 0.06 to 0.08 (0.08) in length and 0.05 to 0,07 (0.06)
in width. The tail measures 0,11 to 0,14 (0.13) in length
and 0,03 width. The 6ral suckei measures up to 0,02 in
diémeter. Fixed and stained cercariae‘meagured 0.05 to 0.07
in length and 0.04 t0.0.05 in width. The eje spots measure
0.01 in dlameter and the orsl sucker measures 0.02 in di-

ameter. The tall is 0.05 to 0.08 in length and 0.01 width.
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The body proper of the cercariae is pear-shaped.
The orai sucker 1s terminal and is included in a chamber and
modified a8 a protrusible organ (spinose aramature) with
anterlorly directed spines used for penetrating the second
intermediate host,
| In some cercariae it appears that the oral sucker
may be prolongéd into a funnel-like appendage. This
structuﬁe cannot be found in 1live cercariae, but may be
detected in fixed ahd stained‘cefcariae. There 1s no trace
of a pharynx, esophagus, or intestine. Immedlately below
and lateral to the oral sucker there are two eye spots that
measure up to 0,02 in diameter. Below the eyes there are
seven pair'of cephalliec glands, The position of ‘the cephalie.
glands differ from most heterophyid cercariae, i.e., they
do not form a solid mass in the oentef of the body. BEach
gland is separate and pyriform in shape. There are two
diagonal rows on each side of the body; three glands in the
upper row and four in the lower rows. This can be.seen best
when the cercaria is motionless. When the body is in a
stretched position, the glands appear to be in a single Tow.
Each gland has s separate duct which passes up to the pos=-
terior mafgin of the oral sucker. There are two medlan group
of ducts and two lateral groups; total 14 in gll., The ducts
péSs forward and all 6pen at thé anterior margin of oral
) sucker near the spinose aramature.
There is a large oval mass of cells in the center
. and posterior third of the body. This material apparently
gives rise to the reproductive structure and is called the
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"genital primordial." Immediately below the "genital
primordial" is a bow-tie shaped excretory bladder. The walls
that make ﬁp the bladder are cellulaxr and appear to be of

cuboidal epithelium.
The exoretory canals lead from the anterior lateral

margin of ‘the bladder and continues forward and laterally up
" to the center of the body. The excretory canal could not be
traced beyond this point. There are five flame cells on
each side of the body. There is one flame cell above the
eye spot and anothexr below the eye spot. There are two flame
cells slightly above and lateral to the bladder. There is
another flame cell near the tall stem 1in the hindmosf
part of thefbody. The flame cell formula is 2 (2+2)+(1).
The tail is powerful, without tall fin-folds, and is
longer then the body of the cercaria. It is attached on
the, ventral side of the posterlior end of the body; fits into
a groove and attached to a tall stem. - The tall stem 1is
T-shaped and is located Just beneath the exeretory bladder.

. The cercaria swam only at brief intervals and then
settled on the bottom of the dish. They swim on their backs
with the body folded and thelr ta?ls lashing violently in
an upward position. They usually settle to the bottom |
of the dish, talls straight upward and motlonless. They
gather on the lighted sidve of the dish., When disturbed,
they start to swim again but only for a short interval. .
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Redia

Two types of rediae were found in the digestivé
glands of snails: (1) a small one, 0.3 to 0.4, without germ
balls; snd (2) a large one, up to 0.65, with germ balls. The
germ balls océﬁpied the posferior end of the rediae while
developing cercariae were situated in the anterlor end.
Since no redise were observed with other redlae developing
within them, the two types of redise were considered to be of
the same generation. However, the larger type was mature
.and the smaller type was immature. This statement is based
on an experiment where a lot of 10 snails was experimentally
infectéd with worm eggs. Upom exﬁmination, eilght weeks
later, five’ware found with redliae; all of which were small
type. | |

Cercariae developing in rediae were ln varlous stages;
some had short, stumpy, tails and eye spot pigment; and
others had only eye spot pigment. As the& mature enough
to leave the redige, they move to the peripheries and
migrate forward to the birthpore where they exist. All
cercarlae within rediase had elither a short, stumpy, tail
bud or none at all. Therefore, it was apparent that they
completed their development afiter leaving the rediae (probably
in the interlobular areas of the digestive gland).

Some redise were attached individually to host
tissue while others were found in the interlobular areas of
the digestive gland; attached, end to end, in a ring or
"chain formation.” A more thorough examination of redize in

"ehain formation".revealed small pieces of digestive gland

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



110.

separating individual rediae.
| Diagnosis: Small, colorless, sausage-shaped bodles,

0.3 to 0.65 (0.5) long; up to 0.2 wide. Body wall smooth, .
thin, without 1ocomotor appendages, Oral sucker small and
opens into a felatively small and incomspicuous intestine.

It is difficult to say, with certainty, that there
is a gut. At times, tﬁere appéared to be a small, short,
expanded, gut that was pushed toward the oral sucker by
de?elopingicercariae. Then, - there were tlmes when the gut

could not be seen at all.

C. Discussion
‘Systematic relations of the cercarla
The cercariae of Ascocotyle (Phagicola)'diminuta
(Stunkard and Haviland, 1924) Stunkard and Uzmann, 1955 is

L N

" similar to the cercariae of Centrocestus armatus (Tanabe,
1922 Yamaguti, 1938 and closely related to Oercariae Indicae -
III (Pleurolophocerca,group) described by Swell (1922). It

* is similar to the former in several features: (1) the tail
fits into a groove at the hind-end of the body, from which
thevtail is mounted ventrally; (2) arrangement of penetration
giands (two diagonal rows on each side of the midliﬁe of the
body); and (3) absence of tall fin-folds. It is more closely
related to the latter and has the following similar features:
(1) shape of the body; (2) position end attachment of the
tail; (3) absence of tall fin-folds; (4) arrengement, shape,
and number of penetration glands (two dlagonal rows; three

pyriform-shaped glands in the first row and four in the

~
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second); (5) number of flame cells (five on each side of the
body); (6) position and number of cystogenous glands (eight
groups on each side of the body; (7) cellular exoretory
vesicle (walls of bladder composed of simple ouboidal
epithelium) that has a butterfly or bow-tie shape; and (8)
absence of intestinal ceca.

The cercariae of Ascocotyle (Phagicols) diminuta
differs from Uercarise Indicse III by having (1) the oral
sucker prolonged into a small funnel-like oral appendage
and (2) not having a prepharynx and a rudimentary pharynx.

- Though my material was carefully studiéd, including obser~
vations on hundreds of fixed and stained cercariae as well as
live speciméns, no traces of a prepharynx or pharynx could

| be detected. Thé similaries of these two cercariae, g,,(;;)
diminuta and Cercarlae Indicae III, suggest that the latter
might be the cercaria of an Ascocotyle Complex specles.

Life Cycle ,

The heterophyid cercariae hed by Hydrobla salss
Pilsbry (a2 brackish water snall from an isolated depression -
in salt marshes‘neér Jomnson Oreek in Durham, New Hampshire)
are those of Ascocotyle (Phaglcola) diminuts (Stunkard and
Havilend, 1924) Stunkard and Uzmann, 1955, These cercariae
have been exposed to troplcal fish (marble mollies, red
swordtails, green tuxedo swordtails, red wagtail platies,
and red tuxedo platies) and found to encyst on gill filaments
as metacercariae, After 18 to 21 days of development in the
experimental second intermediate host (tropical fish), they
were infective for experimental definitive host (white rats
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and .day-old ohicks), Worms that agree with those described
as Ascocotyle (Phagicola) diminuta (Stunkard end Haviland,
1924) Stunkard and Uzmann, 1955 were recovered after 1 to &4
days of development in these anlmals, The morphological
characters were consistent with those described and figured
by Stunkard and Uzmann, 1955 (see Table VIII)., There was
nevexr any deviation in the morphological characters so as to
apﬁear similér to other described species belonging to the
Ascocotyle Complex., Therefore, the specles Ascocotxle'
(Bhegicols) diminuts Stunkard and Uzmann, 1955 is valid until
such time that the 1ife history of Ascocotyle minuta Looss,
1899 is worked out and proved otherwise. The species name
Ascocotyle (?hagicola) diminuta is retained, following
Stunkard and Uzmann (1955), though Sogandares-Bernal aﬁd
Lunsden (1963) synonymized it with Ascocotyle angrense
Travassos, 1916. The subfamily Ascocotylinae Yamaguti (1958)
is accepted rather than Centrocestinae Loosé, 1898 because of
differences im the larvae of Ascocotyle (P,) diminuta and
Centrocestus srmatus (Tanabe, 1922) Yamaguti, 1938.
- Taxonomy

The téxonomy of heterdphyid worms belonging to the
subfamily Ascocotylinae has been under considerable dis-
cussion., Opinions differ as to what genera constitute the
subfamily and separatipn of questionable specles within
questionablé.genéra. ‘The first member of the subfamily was
figﬁred and deseribed (Distomum coleostoms from a pelican
in Egypt) by Looss (1896) though in his revision of the
genus Distomum he created the genus Ascocotyle %o recelve it
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TABLE VITII. COMPARISON OF SIZE RANGES OF Ascocotyle (Phagicoia) diminuta

FROM NATURAL AND EXPERIMENTAL DEFINITIVE HOSTS.

A, diminuta A. diminuta A. diminuta A. diminuta A. dimlnuta

Characters Trom wild rats from white rats Trom day-old from white from day-old
. Stunkard and Stunkard and chicks (Scott) rats (Scott) chicks (Scott
Haviland, 192} Uzmann, 1955 a b c
Body 1ength 0025 - 003 002.- Oo’-l-’-'- 0028 - 0.’-‘»0 0913 - 0023 0.26 - 0036
Body width 0.08 - 0.1 0.11 - 0.244 0.12 - 0,17 0.07 - 0.17 0.10 - 0.13
Oral sucker 0.03 - 0.04 0.02 - 0.04 0.03 - 0.05 0.02 - 0.04 0.03 - 0.05
Pharynx - 0,02 0,01 - 0,02 0.03 - 0.0L 0.02 - 0,03 0,02 - 0.03
Acetabulum 0.03 - 0.0L4 0.03 - 0.0 0.04 - 0.05 0.02 - 0.0L 0.03 - 0.04
Testis Wi.dth 0.01 - 0.02 0007 0.0’4 - 0007 0003 - 0.08 0-03 - 0005
Spines
- Ant. row 16 16 16 16 16
Post. row 0 2 2 2 2

a. From natural Infected Fﬁndulus and experimentally infected day-old chicks.

b. From experimentally Infected tropical fish end experimentally Infected white rats.

c. From experimentally infected tropical fish and experimentally infected day-o0ld chicks.

€1t
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and added the second specles (A. minuta, from the small
intestine of dogs and cats of Egypt). It seem that Looss'
conception of the genus Ascocotyle centered around the
following: (1) mouth surrounded by a crown of spines; (2)
oral sucker with elongated posterior cecum (dorsal to pre-
‘pharynx)§ (3) long prepharynx; (4) pharynx near blfurcation
of the intestine; (5) vitellaria not extending anterior of
region of genital pore; (6) ovary globular or oval (on right
of midline); (7) seminal receptacle in front of testes and
behind ovary; (8) testes globular or oval, side by side, near
posterior end of body. If one examines the figures for Looss'

type specles (Ascocotyle coleostoma) and his second species

(4, minuts), stricking differences are noted between the two
specles. The dirferences noted, however, must be assumed as
differences that Looss considered to be only of a specific
value since he did not place them in different genera or .
subgenera. He made no issue of the fact that A. coleostoma
had two rows of spinés around the mouth whereas A, minuta
had only one row of splnes or that‘é‘_COlEOStoma had a
dorsal triangular lip while Aa g;g23gfhad a rounded dorsal
1ip though these features are obvious in his figures.
Neither was an issue made of the vitellarla extending to
region of genlital pore In A, coleostoma and it belng pre=-

- ovarian in gg,g;ggjg_or that the pharynx. was near the
bifurcation of the intestine in 4, coleostomy and further
away in A, minuta. Again, these differences are clearly
shown in his figures. |

It is of interest to note that nearly every described
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species of Ascocotyle Looss up wntil 1935 has resembled .
A. minuta Looss, 1899 rather than the type species,
A, coleostoma Looss, 1896, The maln morphological charace

teristic which have linked them to A. minuta are oxral

spination and distribution of vitellaria (single crown of
spines and vitellarie restricted to ovarian testicular
zone). Stunkerd and Haviland (1924) made an issue of the
difference between A, minuta and A, goleostomg. They listed
the differences (see page 28) in tabular form and erected
~the subgenus, Paréseocotxle to0 include all descrlbed‘species
of Ascocotyle up to 1924 with the exceptlon of Ascocotyle
angrense Travassos, 1916 which specles they thought conformed
| to the defihition of A. coleostoma and therefore not a part

of the new subgenus., They described an American form from

wild rats as Ascocotyle (Parascocotyle) diminuta. The

American specles differed from A. minuta Looss, the type
specles of the subgenus Parascocotyle, only in regard to size
of the body and sex organs. Faust (1920) had described a
ZSpecies from a monkey-eating eagle (Pithecophaga jefferyi)

as Phagicola githecophagicolg which specles resembled
Stunkard end Uzmann's &, (2,) diminuta in that there was a

_single crown of spines and vitellaria restricted to ovarianm
testicular zone. PFaust in 1926 admitted that he made an

- erxror in creating & new genus and subfamily (FPhagicols and
Phaglcolinae) to receive his.species from ﬁhe monkey-eatiﬁg
eagle and therefore his species should be placed in the

genus Ascocotyle. Witenberg (1929) noted that Parascocotyle
Stunkard and Haviland, 1924 had one row of cirecumoral spines,
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uterine éoils behind genital pore, and vitellarla behind the
level of fhé ovary while Ascocotyle had twb rows of circume
. oral spines,vcoils of uterus in front of genital pore, and
vitellaria extends in front of acetabulum., The subgenus
Parascocotxie.was raised to generic status and all
specles of Aécocotzlé (Parascocotyle) were transferred to
Parascocotyle Stunkard and Haviland, 1924, However,
Witenberg (1929) meintained that Ascocotyle (P.) diminuta
wes a synonym of A, minuta Looss.. ' ‘_

Travassos (1930) surpressed Parascocdtzle as a
synonym of Phagicols Faust, 1920. He placed all of the
species which Witenberg (1929) had assigned to Parascoootyle
in the genué Ascocotyle and subgénus Phagicola. For example,
Parsscocotyle diminuta (Stunkard end Haviland, 1924)
Witenberg, 1929 became Ascocotyle (Phagicola) diminuta.
Srivastava (1935) recognized the genus Ascocotyle Looss
and stated that there should be two subgenera, Ascocotyle
(Ascocotyle) and Ascocotyle (Phagicola). '

Price (1935) described A, puertoricensis from
Butorides sp. in Puerto Rico (Mayagues) and A. tenulcollis
from Botanrus lentiginosus at College Station, Texas.

These specles resembled A. coleostoms in rowshof circumoral
spines and forward distribution of the vitellaria. Price'é
.vdescription of these two specles clearly linked them to the
type specles, A. gcoleostoms, of the genus Ascocotyle Looss,
1899. Price redeseribed Phagicola pilthecophagicola Faust,
1920 (synonyms.Ascocotxle pilthecophagicola Faust and
Nishigori, 1926; Parsscocotyle pithecophagicola (Faust, 1920)
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Witenberg, 1929; Ascocotyle (Phagicola) pithecoghagicolé
(Faust, 1920) Travassos, 1930) and argued for the generic
rank of both Ascocotyle and Phagieola. He did not question
the validity of ?arascocotzle as a genus or subgenus, but
stated it was a synonym of Phagicola.and on the basis of the
law of priority Phagicola'was considered as the correct name.
Stunkerd and Uzmenn (1955) redeseribed Ascocotzle.
(R.) diminuta. They found o second row of spines repre=-
sented by two small spines. COriteria, heretoforé,'used were
two rows of oral spines and vitellarilas extend to acetabulum
for Ascocotyle and for Phagicola one row of spines and
vitellaria restricted to ovarian testicular zone. These
authors pointed out that A, puertoricensis had two rows of
spines and the.vitellaria only extend a short distance
anterior of the ovary. They believad that the decision on
the taxonomic state of Phagicola should be postponed until
the developmental stages of its members were known. They
named their species Ascocotyle (Phagicola) diminuta. . Burton
(1956), Robinson (1956), and Kuntz and Ohandler (1956)

':described new species snd apparently followed the taxonomic
scheme of Price (1935). Burton, 1958 recognized Ascocotyle
Looss and Phagicola Faust, 1920 as valld genera and gave a
key to separate the specles of North and South America.
| Hutton and'Sogandares-Bernal.(1958), in one paper,
recognized Ascocotyle and Phagicole as separate genera and
in a second papexr of the same year they recognized Ascooolee,
Phagicola, aﬁd faraécocotxle‘as separate genera. They '
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‘outliﬁed a key to separate these genera. Sogandares-Bernal
and Bridgman (1960) recognized three genera and erected a

new one undexr the ﬁame of Pseudoascocotyle. Sogandarese
Bernal and Lumsden (1963) recognized one genus, Ascocotyle
Looss, 1899. 1In this genus they recognized the subgenera
Ascocotyle Iravassos, 1930; Leighia Sogandares-Bernal, 1963;
and Phagicola Faust, 1920, These~authors‘ragarded Ascocotyle -
ngna Ransom, 19203 A, diminuta Stunkard end Haviland, 1924
and Phagioola lageniformis Chandler, 1941 as synonyms of

Ascocotyle angrense Travassos, 1916,
No doubt Ransom's report of A, nana having spines

arranged in a double crown of 16 to 20 spines and a ventral
crown geve them the notion that A, nens had accessory spines,
I have studied Ransom's specimen which was badly cytolyzed |
and from my own experiences with thousands of speclmens of
this genus (obtained through feeding experiments), it
appears that Ransom's specimen was dead for a considerable
time before 1t was fixed. PFurther, the oral spinatioﬁ of
the type specimen camnot be made out with certainty so as

to identify them with those of A, (2,) diminuta. However,
in spite of the poor condition of A, pesna Ransom, 1920, one
can maké out the.extremely small oral cecum and the long
intestinal ceca which extends to the testes. These two
differences make 1t impossible to identlfy A, nena with

A, (Phagicols) diminuta. The only difference between

Phaglicola legeniformis Chandler, 1941 and A, (2,) diminuta
Stunkard and Uzmann, 1955 is size. Therefore; Chandler's
species is a synonym of A, (P.) diminuta (Stunkard and
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Haviland, 1924) Stunkard and Uzmann, 1955 in conformity
with Sogandares-Bernal and Lumsden (1963). As for syno-
nymizing A, diminuta with A. sngrense Travassos, 1916 which
was improperly described. to the point that Stunkard and
Haviland, 1924 linked it with the type specimen, Ascocotyle
coleostoma Looss, 1896, I thoroughly disagree. I would be
‘more 1ﬁolined to synonymize A. diminuta with A. minuta Looss
(as 414 Witenberg, 1929) since the only difference between
them is size snd continent. Price (1936) bridged the gap
 between continents when he synonymized P. longa Ransom, 1920
from the United States (Washington, D, C.) with Metascocotyle
witenbergi from Palestine and Béumania.
; Conclusion
No species of Ascocotyle, as far as known, has been
| reported from the west coast of the United States. All
have been reported from the east coast;.from New Hampshire
to Texas. The geographic distribution of SpecieS»of .
Ascocotyle parallels that of the Eastern North America group
of salt marshes; from south-east Oanada southward to Florida
and Louisiana (Chapman, 1960).
The discovery of the first intermediate host,
Hydrobla salsa Pilsbry, from depressions in the New England
sub=group of salt marshes (in southeastern N. H,), and the
completion of the life cycle of A, (2.) diminuta with
parasite free poeciliids (closely related to Fundulus
heteroclitus), lead me to conclude: (1) that the solution
0f 1life cycles for all'spécies.of‘Aécocotxle from the United
States lie in the salt marshes of the Eastern North America
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group (where brackish water gastropods are abundant);:(a)
- that Pundulus heteroclitus (ranges from the Gulf of St.
Lawrence to Texas = Bigelbw and Schroeder, 1953) plays a
large role in the life oyele though the role may be divided -
with closely related species; and (3) oniy‘the solution of
life cycles can correctly determine or synonymize species
from the United States,
- It is abparent from a study of the range of the
first intermediate hosts, Hydrobla selse snd H, minuta, that
they are not the only snalls involved wlth Ascocotyle Complex
Species. Johnson (1934) reported that the range of Hydroblsa
ninuta was from Labrador to New Jersey and that of H. salsa
was from Rowley, Massachusetts to New Jersey. Olench (1938)
exténded the range of H. salsa to New Hampshire., Therefore,
the combined ranges of H, salsa and H. pinuta extend from
Labrador to New Jersey.
In view of the above evidence, I submit the following:
(1) Hydrobia minuts and E, salsa aré the £irst intermediate
hosts for Ascocotyle (P,) diminuta associated with the New
England subegroup of marshes (from Maine to New Jersey)
where these snails are found in depressions along with fish
in Assoeiations called "Fundulus-Hydrobia Bilotic Communities";
and (2) since south of ﬁew Jersey does not include the range
- of the above snall speeiés, other snalls, perhaps closely
related to hydrobiids, are involved and probably form
"Fundulus-snail-? Biotic Communities" in depressions of the

Coastal Plain sub=-group -of marshes (éouth of New Jersey to

Florida to Louisiana),
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SEOTION VI.

THE SEXUAL OYOLE OF ASCOCOIYLE TEKUIOOLLIS
PRICE, 1935

A, Observation and Experiments
| The conus arterlosus and ventricle of the heart of

Pundulus heteroclitus collected from the three study areas
(desoribed above) were found infected with metacercarise.
The infection was restricted to the lumen of the conus
arteriosus and wells of the ventricle of the heart. The
cyst is oval in shape, thick-walled, and contain large
~amownts of oil dropléts (appear to be a fatty substance).
The morpholbgical characters of the en&ysted wornm ware.ob-
scured by the oll droplgts and their identity as an
Ascocotxle OAmplex species could not Be determined wntil
rémoved from the cyst.

The incidence of infection was determined from
Fundulus heteroclitus collected from Johnson's Creek. A
total of 57 f£ish, ranging in sizes between 4 and 7 cm., was.
carefully examined. All fish were infected with 3 to 22
metacercariae (with an average of 15 metacercariae per flsh
heart). Fish from the other study areas were routinely
checked and had about the same level of infection., However,
only fish from Johnson's Oreek were used in feeding
experiments, | |

15 %o 20 f£ish hearts'(cohtaining meny metacercariae)
were fed to each of three white mice. The animals were

Xilled and examined for helminths at intervals of 2, 4, and 6
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days after.the infect;ve feedings. All mice were negative
for helminths. The eiperiment was repeated for a second
time with the same reéults. The negative results obtalned
with memmals indicated that this particular heterophyid
trematode might be better suited to bird hosts. Therefore,:
the experiment wasjrepeatedlwith day=-o0ld chicks, Large
numbers of. worms were recovered after one to 3 days of
development. Worms were recovered from 3 out of 6 chicks
used in the experimént. Table IX describes the manner in
which the experiﬁentlwas carried out and 1ists the number of -
worms recovered, No worms were recovered after the third

day of infection.

These worms have been carefully studied and found to
agree with Ascocotyle tenmicollis Price, 1935 in many re-
spects, but also differ in that there is a variation in the
number of spines and the worms are of a smailer size. These

differences are not considered as specific and the worm.is

redeseribed delow.

| B. Redescription of Ascocotyle tenuicollis Price, 1935
| Diagnosis: Sexually mature 3 day old worms from day-
0ld chicks are pyriform in shape, 0.34 to 0.43 (0.38) in
length and 0.08 to 0.17 (0.11) in width. The anterior
portion of the body (oral sucker to level of intestinal
bifurcation) is narrow than the rest of the body. The body
starts to widens at the level of the intestinal bifurcation
and is widest at the level of the ovary. Tﬁe width of the
body tapers off past the ovary and is rounded at the hind-
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end of the body.  The cuticuls is covered wilth small, scale=
like, spines that start posterlor to oral sucker and con-
tinue to the postgrior end of the body. The oral aperture
is terminal, provided with a triangular 1lip, and is sur-
rounded by a double coronet of 32 to'36 spines, There are
16 +to 18hspinés in the first row and 16 to 18 spines in the
second row{ The oral sucker 1s oval to conlcal and measures
0.03 to 0.05 (0.04) in dlameter. The oral sucker is pro-
longated into a funnel-like oral appendage (oral cecum) that
hangs in back of the slendexr prepharynx. The oral appendage
has a varying length which depends upon the degree of
contractio; of the fore body. The oral aperture is jJoined
by a long slender_prepharynx. The pharynx measures 0.03 to
0,05 (0.04) in diameter and is nearly as large as the oral
sucker. OCercaria eye spots (dispersed pigment) are still
visible and are located lateral to the pharymx on each side
of the body., The esophagus follows the pharynx and is
very‘short,,but not visible in the majority of observations.,
The spacious,‘expaﬁded; bow=tie, or butterfly shaped
intestinal ceca are clearly visible below the pharynx.

The branches of the intestine do not extend to the pos=
terior border of the acetabulum, but are located guite a
distance above the acetabulum, The acetabulum is located
below the intestine. It is round to oval in shape and
measures 0.02.to 0.05 (0.04) in dismeter. The genital open~
ing is anterior and slightly to the left of the acetabulum.
The genital opening 1s surrounded by a sucker-like structure.

The globular seminal vesiole is large and located in the

Re . - . ‘.
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center of the body or to the right and above the right

testis, The ovary is on the left side of the body (above

the left testis) and measures 0.03 to 0.06 (0.04) in diameter.

Testes opposite each other globular in shape, measures 0.04 to

0.07 (0.05) in diameter, and tend to be forward in position;

a good distance from the posterior border of the body. The |

vitellaria is lateral, extends from posterior border of the

acetabulum to anterlor border of the testls. The uterine

¢oll passes posterior from the ovary, passes the right

testis, loops in back of thg testes, and then passes férward

across the left testis; continues to loop back toward overy

and across to the seminal vesicle, and forward toward the

genlital pore; | '

Hosts: Second intermediate, Fundulus heteroclitus.
Experimental definitive, day-old chlcks

Location: In lumen of conus arteriosus of the second
intermediate host and attached to walls of ventricle;

and small intestine of experimentally infected day-
old chicks.

Locality: ©Salt marshes of southeastern New Hampshlre, near
Johnson's Creek in Durham; near Great Bay in South
Newington; and near the Hampton River in Hampton,
New Hampshire.

C. Discussion
Burton (1956) found metacercariae in the conus

arteriosus of Molllenisia latipinna LeSueur from southern

Florida. Although he did not find the natural definitive

host, adults were recovered from day-old unfed chicks that

were experimentally infected with the metacercariae. The.
adult worms were described as Ascocotyle leighi, a new

species. Burton found the conus arteriosus of Gambusia
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TABLE IX.

RESULTS OF FEEDING HETEROPHYID Ascocotyle tenuicollis METACERCARIAE FOUND IN

THE CONUS ARTERIOSUS OF Fundulus heteroclitus FROM JOHNSON CREEK TO LABORATORY-
REARED ANIMALS.

Experimental | A. tenuicollis : - Remarks:t

Animal

X

Chick No.

Chick No. L - 170

Chick No. 5 : Negative

Chick No.

3 183 Chick No. 3 was given 8 fish hearts in

one infective feeding and killed two days
later, The worms recovered were both
mature and immature. Mature specimens had
only a few eggs in the uterus.

Chick No. l} was fed a total of 15 fish
hearts in two infective feedings and
killed on the third day. Worms recovered
were both mature and immature. Mature
worms had few eggs in the uterus,

Chick No., 5 was fed only 2 hearts and
killed eighteen hours later. The purpose
of this experiment was to locate the
point where metacercariae excysted, but
‘success was not attsined.

6 n Chick No. 6 was fed 16 hearts over a
' period of four days and killed on the
fourth day.

g2t



TABLE IV. (Continued)
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Experimental A, tenuicollis ‘ Remarks#*
Animal .
Chick No. 7 25 y Chick No. 7 was fed the same as chick

No. 6 and killed on the
five metacercariae were
gizzard. No worms were
Iintestines.

same day. Twenty-
recoversed from ths
found in the

# All chicks in this table were one day old. They were given their first infective
feeding of fish hearts while their feathers were still molst. The chicks were given

no other food except water along with additional infective feedings,

*9ct



127,

affinis holbrooki (Giard) was similarly infected though a

different specles of Ascocotyle was lnvolved. He belleved
this species to be Ascocotyle tenulcollis Price, 1935 because
of the similarityfof general morphology aﬁd number of spines
in the oral coronet (16 spines in each of two rows)., In
differentiating bétween the two types of metacercariae, he
reported that the metacercariae of A, leighi were small and
spherical while thoée of A, tenulcollls were large and oval,
He noted differgnces in the degree and incidence of infection
in the two fish hosts: (1) Gambusia were infected with
smaller numbers of metacercariae (usually less then 10); (2)
Mollienisia were infected with larger numbers of metacercariae
(30 to 35)3 (3) 23 of 53 Gambusia were infected; and (4) 329
Mollienisia were infected. | ' o
Burton (1956) meintained that Ascocotyle leighi
closely resembled A. puertoricensis, and A. tenuicollis, 4n
important difference was that A. lelshi had 48 to 52 spines
in the oral coronet (24 to 26 in each of two rows) while.both |
A, puertoricensis and A. tenuicollis had 32 spines in thelr
.oral coronets (16 in each of two rows)., Other differences
were. found in their seminal vesicles; for example, the
seminal vesicle of A, leighl was in a transverse plane and
tapered medially toward the ovary. The seminal vesicle of
é&’puertoricensié and 4, tenmuicollis tapered anteriorly from
a bulb-like expansion. |
For a time;‘I considered.the‘metacercariae
found in the lumen of-fhe conus arferioéus of Fundulus

heteroclitus to be those of Ascocotyle leighi Burton, 1956.
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However, critical observatlons proved thém to be different
from Ascocotyle leighi. This was especially noticeable in
regard to the number of Sp;nes in the oral coronet and the
rather forward position of the testes. Worms from experi-
mentally infected day-old chicks had (32-36) spines in their
oral coronets (16 to 18 spines in each of two rows). In all
worns the testes did not occupy the exfreme hind-end of the
body (near the posterior border) as othér Ascocotyle Complex
species, but tended to be shifted forward, quite a distance
from the hind-end of the body. The only specles of
Ascocopxle with the testes in this positlon was Ascocotyle
tenuicollis Price, 1935, a'speéimen taken from Botaurus
'1entiginosus éollected at College Statlon, Tekas, in
November, 1921. New Hampshire specimens of Ascocotyle
tenﬁicbllis, Price, 1935, obtained experimentéllyvfrom day=-
old chicks after 3 days of development were both mature and
immature. Measurements of 12 ﬁature Specimens agree more
with measurements of Ascocotyle puertoricensis than
Ascocotyle tenuicollis (see Table X), but agree substantially
" with A, tenulcollis in regards to extent of the vitellaria
(anterior border of acetabulum to half the length of the
testis) and antérior position of the testes. The smaller
size ranges for N, H. specimens of Ascocotyle tenuicollls are
attfibuted to the length of time that they were allowed to
develop in fhe experimental host. PFurther, it is not known
how manyISpeeimens Price (1935) measured to determine the
size range listed. Since some trematodes grow for as long as

they live, size ranges are of'importance only when a
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TABLE X. A COMPARISON OF MORPHOLOGICAL CHARACTERS OF SOME Ascocotyle COMPLEX

SPECIES WITH 16 TO 18 SPINES IN THE ORAL CORONETS.
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Characters

Body length

Body width

0. sucker diameter
Prepharynx length
pharynx length
Acet. diameter
Ovary width

Testes length
Testes widtih

- Spines

Ant. row
Post row

Ascocotyle Ascocotyle
puertoricensis coleostoma
Price, 1932 Looss, 1899

a b
0.26 - 00,4»6 0.7 - 0.8
0017 - 0-20 0025
e 0009

0.12 +*%

0.0 - 0.05 0.06
' 0.0l *
0003 - O-Oll. 0006
0.0 - 0.05 0.07
3% *

16 16

16 . 16

HOOOOO0O0O0O

" Ascocotyle Agcocotyle Agscocotyle
Telippei tenuicollis %tenuicollis
Travassos, Price, 1 Scott,

1929 c a e

'5 0057 - 0076 0.3% - OQLl.3

016 0022 - 0023 000 - 0-17

005 e 0.03 - O'OS

001 0'22 - 0.2,4. 3%

00,.'. 0.03 - 0005 0.03 - 0005

.05 0.04 - 0,06 0,02 - 0,05

.0l 0.06 0,02 - 0,03

005 OOOLI- - 0008 0005 - s).O?
% %

18 16 16 - 18

18 16 . 16 18

a. Prom natural infected Butorides sp.

b. From an Egyptian pslican

¢c. From Ardetta erythromelos.

.d., PFrom Botaurus lentiginosus.

species not known).

e, From experimental day-old chicks (3 days development).

2% Not given

*62t
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significant numBer of worms are measured, and average figures
are given, Sogandares=-Bernal and Lumsden (1963) expressed
the view that‘the body length for Ascocotyle gngrense was
dependent upon the size and age of metacercarlae previous

to ingestion by the definitive host and upon receﬁcy of
infection.

. New Hampshire specimens of Ascocotyle tenuicollis
have a variation in the number of spines in the oral coronet
(16 to 18 spines iﬁ each of two rows). The'difference be~
tween this species, A, puertoricensis; A, coleostonma, andl
A. felippel 1s indeed small. The size ranges for body

~ length, body widfh, and other morphological characters for
A, puertoricensis Price, 1932 overlap thqse listed for New
Hampshire specimens of A, tenulcollis, This is in contrast

to A, tenuicollis Price which is decidely larger than

ga.puerfoficensis~Price, 1932. The vitellaria in
A puertqricensis extends from a distance below the posterior
border of the acetabulum to the posteriof border of the
testes while in A, tenuicollis (N. H.), the vitellaria
extends from the anterior bordexr of the écetabulum.to half
. the distance of the testes. In view of these findings,
based on observation on over 100 fixed and stained specimens,
the difference between A. tenuicollis (from N. H.) and
A, puertoricensis 1s not size, but only the forward position
of the testes in A, ienuicollis and slight variation in the
vitellaria. .
| A, tenuicollis (N,H.) differ from A. goleostoma in
size (the former smaller than the i;tter); position of the
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testes, and slight variation in the vitellaria. Specimens
from New Hampshire are smaller with testes forward in
position., A. coleostoma is 1arger'ﬁith testes near posterior
border of the worms., The vitellaria in A, fenuicollis

(N, H.) extend from the anterior border of the acetabulum

to half the distance of the testes while in A. coleostoma,
the vitellaria extend from the genital pore (slightly in
front of the acetabulum) Yo the posterior border of the
semiﬁal receptacle and is a short disténce above the anterior
border of the testes (determine from figures of Looss, 1907).
Therefore, the decided difference between A. coleostoma and
A, tenuicollis Price, 1935 is not size, but positlon of the
testes. The view is expressed that the only appreclable
difference in A. puertoricensié and A. coleostoma 1s slze

and that A. puertoricensis may be small A. coleostoma. Price
stated that the dlfference between ga.tenuiéollis Price, 1935
and A, felippei is that the latter had 36 crown spines (18 in
,eadh of two rows) as opposed to 32 spines of the former.

A, felippel is not available for study; and this is wunfortu-
nate since A. tenuicollis (N. H.) has 32 to 36 crown spines.
There appear to be no difference.between these two species
wilth regards to oral spihation. They are alike in regard to
distribution of vitellaria; lateral in groups of small
follicles extending from acetabulum to the mlddle of
testicular zone. The position of the testes in A, fellipped
is not known. |

A, tenuicollis (from N, H,) was allowed to develop
in day-0ld chicks for 3 days in order to see how they
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compared with Ascocotyle leighi. Both species are from
the conus arteriosus of fish; the former utiiizes Fundulus
heterociitus and the latter uses Mollienisia latipinna as
second intermediate host. The main differences are as
followers: (1) A. tenuicollis has 36 spines (16 to 18 in
the first row and 16 to 18 in the second row) while A, ;g;gﬁi
has 48 to 52 spines (24 to 26 in each of two rows); (2)
 testes near the posterior mai-gin of the body in A, leighi
while in A. tenuicollis testes tend to be more anterior in
position; and (3) A. leizhi utilizes Mollienisia latipinna
as second intermediate host while A. tenuicollis utilizes
Gambusiz affinis, Mollienisia latipinna, and Fundulus
heteroclitus., Burton (1956) reported that metacercaria of
A, leizhi, since small numbers of these wysts were frequently
recovered from Mollienisia along with those of A, leighi,
However, it is important to'ﬁote that he examined only 53
Gambusia compared to over 300 Mollienisia. Therefore, it is

obvious, Burton's statement in regard to host speclficity

of these metacercariae would have more weight provided more

Gambusia had been examined; Further, it is not known how
serious an attempt was made %o determine how frequent
A. tenuicollis and A. leighi metacercariaze oceurred together

in Mollienisia latipinna.

\
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SECTION VII.

THE SEXUAL CYICLE OF ECHINOCHASMUS MAGNOVATUM
(STUNKARD AND HAVILAND, 1924) PRICE, 1931.

A, Observation and Experiments

In many'of the feeding experiments where laboratory-

reared white mice were fed metacercariae on the gills of

Fundulus heteroclitus, two worms, Ascocotyle (Phagicola)
diminuta and Echinochasmus magnovatum were recovered (see
Table XXI to XXII). A1l Fundulus collected from various
salt marshes in southeastern New Hampshire such as those
near Johnson's Creek in Durham; near Great Bay in South
Newlngtons énd those near the Hamptoh Rivér in Hampton have
been found to be infected. Fundulus collected from Duxbury,
Massachusetts were also infected with the two types of
metacercariae. It is doubted that this is a local problen.

The occurrence of the second worm (echinostome) in
feeding experiments was first observed July 10, 1959,
during the initial stages of this study. However, when
reported to my advisor, Dr. W. L. Bullock, it was found that
he had observed the occurrence of the echinostome in feedling
experiments with white rats and Fundulus collected from
South Newlngton, New Hampshire. EHowever, no attempt was made
to key the second worm (echinostome) to genus.

During the course of the study I often made brief
notes as to the occurrence of "echinostome" in feeding ex=-
periments. Tables XXI to XXII.show the océurrence of the

echinostone in_feediné experiments'involving white mice and
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day-old chicks; their state of development in these animals
is also described in the remark column.,

My.attention was not seriously drawan to this worm
until November 1960 when Fundulus were collected from marshes
near the Hampton River and subsequently used in feeding
experiments, At the termination of an experiment where a
white mouse had been fed the gills from three Fundulus and
allowed 18'days of development, 1,192 echingstomes were
recovered. The availability of these specimens in such
numbers prompted me to key them to genus. It was found that

these worms agreed very closely to Echinochasmus magnovatum

(Stunkard and Haviland, 1924) Price, 1931, The worm is
redescribed below from blometric studies on 18 day old

specimens from the mouse.

Further experiments with Fundulus from Hampton
marshes were possible througﬁ the efforts of Mr. B. E.
Barrett who collected fish through ice on December 8, 1960.
Growth of these worms in white mlce and chicks were observed
by ellowing them varying periods of development (6 to 30
days) in these animals, Over 3,000 Worms'at'various stages

of development were recovered.

Specimens of. Echinochasmus magnovatum ffom the mouse
after 6 days of development are 2ll immature and qulite small,
while those from the chick are larger and mature after only
four days of development. After 10 days of development in
the mouse, some Specimens are able to reach maturity and
have from one to three eggs in the uterus., After 13 days of

development in the mouse nearly all specimens of Echinochasmus
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reach maturity and have two to six eggs in the uterus.

) After 18 days of development in the mouse, all worms reach
maturity and have many eggs 1ln the uterus, Specimens after
20, 22, and 30 dajs in the mouse are somewhat larger than

18 day old specimens,

Although Echinochasmus magnovatum was recovered from

the intestine of experimental animals, a great deal of
difficulty was encounted in distinguishing the metacercariae.
Bchinostome metacercariae on the gills of Fundulus

heteroelitus collected from marsh areas near Johnson Creek

in Durhem, N. H,; and these near Great Bay in South Newlngton,
N. H.'Weré scanty, while those of the heterophyld were
numerous., Therefore, even under careful observations, they
were often overlooked. |
Since mature echinostomes were so much larger than
- mature heterophyids, I had assumed that the metacercariae of
.the echinostome should be larger than that of the heterophyid.'
Metacercariae were removed, as described above, from tﬁe gill
arches (by allowing them to remain in Ringer's solutibn, for
a week). Large metacercariae Were'separated from the smaller
ones and maintained in different containers (Syracuse watch
glass). They were opened with dissecting needles after they
.had reméined in‘Ringer’s solution for an additional week.
It should be pointed out that as metacercariae from the gills

of Fundulus heteroclitus collected near Johnson's Creek and

near Great Bay were being>observed at the same time, only a -
sanmple of 25 metacércariae of each size and from each

c¢ollecting area were opened; totaling 100 metacercariae. All
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of the metacercariae opened turned out to be those of the
heterophyid rather than the echinostome. The experiment was
repeated the second time with the Samg results,

As the negative results, in part, could have been
associated with the size of the sample,-the experiment was
modified to include more metacercariae. The same technique
was employed in removing the metacercariae and allowing them
to remain in Ringer's solution for at least two weeks.
However, after the second week they were expose to a weak

| solution-of NaOH (.,02M), a method of Macy and Moore (1954),
whereby the cystjwall breaks down and the worms excyst. The
worms were placed in hot Bouin's fixative as they excysted,
Bui many were already dead, and many of the metéoeroariae
did not egcyst. All of the excysted mebacercariae were those
of the heterophyid rather than those of the echinostome.
Neveftheless the echinostomes thoﬁgh small in number, were
still turning up in feeding experiments involving the same
lot of Fundulus collected from the same area..

Later it was found, through feeding eiperiments,

that Pundulus heteroclitus collected near the Hamp-ton River

at Hampton, N. H. were heavily infected during the months
, .
of November znd December. Nearly all of the metacercariae

on their gills are those of Echinochasmus magnovatum. They

differ from those of Ascocotyle in shape, in size, manner

in which they position themselves on the gill filaments or

branchiae, and the shape of excretory vesicle and thelr duets,
Adult echinostomes ylelded large numbers of.eggs.

-Bggs were obtained by placing the worms in petrl dishes
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confaining Ringer's solution and keeping them at room temper-
ature for ohe to two hours. Most of this work was done
during the winter and room température ranged between 60°F
and 76°F, ZEggs are oval in shape and are yellowish brown in
color. They measure 0.07 to 0.09 (0.08) in length and 0.05
to 0.06. (0.05) in width. ZEggs were separated into 4-lots
with 24 eggs in each lot, and transferred to petri dishes
contalning tap water for hatching experiments, After

10 days in tap water, most of the eggs had formed miracidia
which were actively moving inside the egg membrane, By the
'12th day some miracidia hatched and nearly all miracidia had
hatched by the 1l4th day. After 16 days miracidia were
hatched from all eggs under observatidn.

The experiment on miracidia was continued during the
summer.. It was found that 1t was better to let the worms
die in Ringer's in the refrigerator. They die in the ex~-
tended condition:affér a week In the refrigerator. Thg
bodies of these worms were teased apart with disecting
needles and the eggs reieased in petri dishes, -This method
provided opportunity for uterine egg counts. Careful counts
on 125 worms revealed that there is a range of 3 to 49 eggs
in the uterus and an average of 16 eggs per worm. None of
the eggs showed signs of segmentation whlle in the uterus.
Eggs were-washéd in several changes of Ringer's and allowed
to develop in this solution. After seven days in Ringer's,
most of the’ eggs had developed miracidla which were actively
moving around in their egg membranes and appeared ready to

‘hatch. On the 8th day few of the eggs hatched while most

?
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natched on the 9th day and by the 10th day all of the egas
had hétched. | |

It appears that eggs hatch much faster in Ringer's
(0.85%) than in tap water. Since the first experiment was.
conduected in the wiﬁter, it is nqt possible to tell whether
the fastef rate of miracidia hatching during the summer
months could be due to temperature or salinity..

Some miracidia were observed under the microscope
in the live condition.' They are oval in shape; measuring
0,054 in length and 0.032 in width. One pair of flame cells
Weré observed in the hind-end of +the bodj.' |
B, Description of Stages (all measurements are in milli-
meters and the figures in parentheses are averages)

Adult

Diagnosis, Sexually mature 18 day old worms from
the mouse measure 0.71 to 1.55 (0.98) in length and 0.21 %o
0.41 (0.31) in width. The body widens at the level of the
acetabulum and is iidest at the level of the anterior
testes; taper some what and are more or less rounded at the
hind-end., Anterior neck portions above the acetabulum is
narrowér than the rest of the body and widens in the area
of the subterminal oral sucker due to a consplcuous anterlor
collar which surrounds the oral opening. The anterior collar
measures 0.13 to 0.21 (0,16) in width and bears a single row
of spines which are dorsally interrupted at the anterior
border of the oral sucker. Oral spines are 20 to 22 in
number. Sfarting at the point of the dorsal interruption,

spines may be divided into 4 groups, 6 spines each, with the
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fourth group at the ventral lobe being located more aboral
than the rest and having 4 spines in the group. The first
group measures .007 to .018 (,011) in length and .007 to .01l
(.008) in width; the second group .Oll to .018 (.015) in
leﬁgth and .007 o .011 (.009) in width; the third group .04
to .018 (.016) in length and ,007 to .01l (.008) in width;

and the fourth group .01l to .018 (.013) in length and .007
to .007 (.007) in width., The median groups (2nd and 3rd) are
the largest with the groups at the extremes (1st and 4th)
‘being the smallest. There are also cuticular spines which
covér the general surface of the body. Immediately behind
the anterior collar there .are many transverse rows of small

. épines that terminate at thé level of or just beyond the
posterior testis.

' The subterminal oral sucker is nearly round to oval
in shape; measures 0.08 to 0.11 (0.09) in longitudinal
diameter and 0.08 to 0.1l (0.09) in transverse diametef. The
oral sucker is followed by'a short prepharynx; measuring up
to 0.05 (0.02) in length and opens into an oval shaped
Pharynx (1arger than the oral sucker) which measures 0.09 to
0.17 (0.12) in longitudinal diameter and 0.09 to 0,11 (0.10)
in transverse diameter. The esophagus leading from the .
pharynx is equally as long as the prepharynx and measures
up to 0.05 (0.02) in length. The short esophagus opens into
theiﬁifurcated intestinal ceca which contliaue toward the
posterior end of the worm and terminates at 0.05 to 0.09
(0.06) from the end of the body. |

| The acetabulum is located Just below the bifurcation
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of the digestive tract., It measures 0,08 to 0.16 (0.12) in
longitudinal diameter and 0.1l to 0.16 (0.13) in transvérse
diameter. It is more nearly located in the upper half of
the body. The distance from the antérior border of the oral
sucker to the posterior border of the acetabulum is 0.35 to
0.54 (0.43); from the anterior border of the acetabulum to
the end of the body there is a distanée of 0.36 to 1.10
(0.63).

The cirrus pouch is usually located in back of the
acetabulum and opens through a median genital pore_located
behind fhe'bifurcatipn of the intestinal ceca., The cirrus
pouch measures 0,06 to 0.16 {0.10) in length and 0.03 to
0.11 (0.08) in width. The positlon of the cirrus pouch in
relation to the acetabulum ranges from completely in back of
the anterior border of the acetabulum, one half of it
projecting above the anterior border of thg acetabulum, to
completely in front of the anterior border of the acetabulum.
The.mean length of the cirrus pouch is nearly 2/3 of the mean.
longitudinal diameter of the acetabulum.

The ovary is oval in shape and is located above the
aﬁteiior testis and below the posterior border of the
acetabulum; occupying a position that ié nearly in the midline
of the body. It measures 0.03 o 0.09 (0.06) in longitudinal
dismeter and 0.05 to 0.12 (0.08) in transverse diameter. The
short uterus fills the spaée between the anterior testis and ‘
the acetabulun, It contains 3 to 49 eggs (16). The eggs
neasure 0.07 to 0.09 (0.08) in length and 0.05 to 0.06 (0.05)

in width.
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The testes are in back of the ovary and sho:t uterus.
The distance from the anterior border of the anterlor testis
to the end of the body is 0.30 to 0.90 (0.483). The distance
from the posterior border of -the posterior testis to the oral
sucker is 0.51 to 0.96 (0.74). The anterior testis is much
wider than long and is oval to rectangular in shapé. It
measures 0.05 %o 0.14 (0.09) in longitudinal diameter and
O.11 to 0,28 (0.17) in transverse diameter. The posterior
testis is oval in shape; slightly smaller than the anterlor
testis in transverse diameter but larger in longitudinal
diameter. It measures 0.08 to 0.17 (0.13) in longltudinal
diameter and 0.09 to 0.24 (0.17) in transverse diameter.

The excretory vesicle is tubular with its anterior
border just in back of the posterior testis. It glves rise
to two lateral branches on either side of its anterior |
border. The branches continue forward (to the pharynx) as
the lateral excretory canals.

The vitellaria is broken up into many scattered -
follicles that occupy the region immediately behind the
testes., They continue along the side of the quy and terni-
nate at the ievel of the acetabulum. The point of termination
varies‘from the posterior border of the acetabulum, mid
aeétabular, or at the anterior border of the acetabulum.

The vitellaria never go beyoud the acetabulum. Just above
the anterior border of the anterior testls on both sides of
the worm, a vitelline duct leads o the ovary.

Hosts: Second intermediate, Fundvlus heteroclitus.

Experimental definitive, white mice, white rats,
day=-0ld chicks, '
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Locality: Salt marshes of Southeastern New Hampshire, near
Jomnson's Creek at Durham; near Great Bay at South
Newington; and near the Hampton River at Hampton,

New Hampshlre.

. Metacercariae

Diagnosis: Small and oval in shape; width about
2/3 of the lemgth. They measure 0.06 to 0.11 (0.07) in
length and 0,05 to 0.09 (0.06) in width. The metacercariae

. are positioned either at right angles or diagonally with

respect to the longer axis of the gill branchiae, Their
positional relationship distinguish them from the meta-
cercariae qf Ascocotyle which have their longer axis parallel

to the longer axis of the gill branchiae and are 1} %o 3

times as large. Since the metacercariaze of Echinochasmus

are nearly round, the position of the oral end (which is

distinguished by the presence of spines) or the adoral end

(distinguished by the excretory vesicle), should be used as

- eriteria in determining their arrangement on thé glll

branc?iae. .

The excretory vesicle is tubular and the lateral
tubules leading any from the vesicle are either parallel or
cross each other in "X" formation; depending upon how much
the worm is folded on the inside of the cyst. The shape of
the excretory vesicle in the nmetacercariae of Echinochasmus
serve In distinguishing them from those of Ascocotyle since '

in the latter species, the excretory vesicle is "V" shaped.
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~ G, Discussion

Four species of Echinochasmus have been described from

North America, namely E. megnovatum (Stunkard and Haviland,
1924) Price, 1931; E. schwartzi Price, 1931; Z. donaldsoni
Beaver, 194i; and E. cohensi Rao, 1951, All species are
intestinal parasites of birds and mammals. E, magnovatum was
described from wild rats of New York; E. schwartzi from
muskrats and dogs of Maryland and the District of Columbia;
E, donaldsonl from Pied-~billed Grebes of Michigan; gnd

E. cohensi from a sea gull in Canada. Of these four species,

only the life c§cle of E. donaldsoni is completely. known.
Beaver, 1941 reported that small gymnocephalous

cercariaze from Amnicola limnoss and A, lustrica are those of -

Echinochasmus donaldsoni. He was able to infect varasite free

guppies, mollies, perch and bluegills with the cercaria.

He élso demonstrated that additional species such as
mudminnowé, bullheads, and shiners served as suitable second
intermediate hosts. Though he fed iufective material to
canariés,'a chicken, a kitten, a rat, mice, and pigeons adult
wnrms'wére obtained only from the latter of these hosts, In
nature the Pled~billed -Grebe was found to be infected.

Fundulus heteroclitus collected near Johnson Creek,

near Great Bay in South Newington, and near the Hampton River
in Hampton, New Hampshire are infected with the metacércariaes
Fundulus from the first two of these habltats have small

numbers of metacercariae on thelr gillé and vhen fed Lo white.

mice ylelded a few adult worms, However, feedlng experiments

involving the gills of Pundulus heteroclitus from Hampton,
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the latter habitat,'and white mice yielded large numbers of

worms (see Appendix I).
The difference in the hablitats are snalls and
salinity. The habitats near Johnson Creek and Great Bay are

brackish and the snail specles are Hydrobia salsa and Hydrobia

ninuta respectively. The habitat near the Hampton River is
fresh water and the snail specles is Amniéola Sp. A fairly
large éercaria with the same swinming movements deécribed by
Beaver (1941) for the cercaria of E. donaldsoni have been
seen to emerge from all three snail syecies, However, the
infection in Amnicola was higher and only this type of
cercariae were emerging, Fundulus collected from Hampton have
tremendous numbers of echinochasmid metacercariae on their
gills; Therefore, the exposure of parasite free poeciliids
to the cercaria of Amnicola sp. from Hampton might yield

- interesting results,

While studying longevity of Echinochasmus magnovatum

in different experimental hosts (day-old chicks and mice),
differences in time periods of maturity and rate of growth
were noted (see Appendix I). For an example, E. magnovatum
reaches maturity in day-old chicks between 4 and 5 days of -
development. Reproductive organs, ovaries and testes are
completely developed and a number of large eggs were found
in the uterus, This was in marked contrast to E. magnovatum
allowed to develop nearly the same tlme periéd in the mouse
(6 days). Worms in this enimal were hardly more than
metacercariae, i,e., ovaries and testes are quite small and

not fully developed, and without eggs in the uterus, From
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other experiments, it has been estimated that E, maznovatum
requires between 10 and 12 days in the mouse 1o reach a
stage in development that is acquired in 5 days in day-old
chicks, However, in chicks worms are volded after the six
day., In micé, E, magnovatum are able to live and continue
to grow up to 30 days (no experiments were conducted over
this period). |

Table XVI shows that means for morphological charac-
ters of 30 day old worms from the mouse are consistently
larger than those for worms that had been allowed 18 days
of development in the mouse (all experiments are based on
12 worms). The means for worms allowed 4 days of development
in the chicks are very close to those for worms allowed to
develop 18 days in the mouse. However, looking at worms
from mice at 6 days, 18 days, and 30 days indicate that they
grow about as long as they live, There are enough differenbés
in adult worms from the chick, 18 day old worms from the
mouse, and 30 day old woxms to maké them separate species,’
Had such differences in wornm poyulatioﬁs‘been eﬁcounted in
nature, no doﬁbt, an investigator would have been tempted to
split them up into separate species. Then a researcher con-
siders the number of described 20 and 22 splines species that
differ from each other only in relative sizes of morphologi-
cal characters, and the growth rate is not known, the vaiidity
of these specles must certainly be questioned (see Table XI),
Only 1life cycles can accurately determine species or |

synonyns; determinations not based on life cycle work are,

at best, a nmatter of opinion.
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TABLE XI. COMPARISON OF SPECIES OF Echinochasmus OF. NORTH AMERICA FROM NATURAL

. AND EXPERIMENTAL DEFINITIVE HOSTS.

¥. magnovatum E, schwartzi k. donaldsoni E. cohensi E. masgnovatum
{Stunkard and Price, 1931 Beaver, 1951 Haio, 1951 Scott
Characters Haviland, 1924) . :
Price, 1931
a b c d e
LENGTH
Body 0.8 - 1.0 1.5 - 2.1 0.88 2.2 1.01 - 1.56
Oral sucker 0.06 - 0.07 3% 0.07 0.09 0.08 - 0.11
A. Testis 0 0.15 - 0.27 0.12 0.24 0.15 - 0,25
Cirrus ssc 3. 3 0.16 3 0.08 - 0.1l
Ovary 3 0.10 - .0.12 * 0.12 0.06 - 0.12
WIDTH :
BOdy 0.13 - 0.23 O.).I,S - 0062 0032 * 0039 -~ 0060
Oral sucker 0.05 - 0.07 3 0.06 0.08 0.08 - 0,12
Pharynx 0.0 - 0.07 0.09 - 0.10 0.06 0.07 0.08 - 0.12
Acetabulmﬂ 0007 - 0.10 0.17 ket 0018 0015 0025 0011 - 0021
A, Testis 0,05 - 0.09 0.31 - 0.43 O.1l. 0.21 0.17 - 0.33
Po TeStiS . 0.05 - 0'09 0026 - 0037 001’-[- 0125 0019 - 0031
Cirrus sac: B ' 3% 0.08 3% 0.08 - 0,12
Ovary 0.03 - 0.04 0.12 - 0.17 0.07 0.08 0.06 - 0.15
Collar . 0.2y - 0.27 0.2l . * 0.13 -~ 0.22
SPINES 20 22 20 22 20 -~ 22

a. From wild rats (R. norvegicus); b. FIrom muskrats -(Ondata zibethica) and dogs
(Canig familiaris) ¢, From pigeons (experimental) and Pied-billed grebe
(Podilymbus podiceps) d. From a sea gull (Larus argentatus); and e. Experimentally
obtained from feeding gills of Fundulus heteroclitus to white mice.

)
EAY

Not given.
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SECTION VIII.

DISORIMINANT ANALYSIS OF MORPHOLOGICAL
VARTATION OF ADULT TREMATODES FROM FINAL HOST
ANIMALS (EXPERIMENTAL) "

Heterophyld Trematodes of the Ascocotyle Complex
It is weil known; among Parasitologists, that many
trematodes are polyxenous, i.e., capable of utillizing a
variety of animals as definitive hosts. For example, members
of the family Heterophyidae are noted for thelr reputation
of completihg their development in either birds or mammals,
Consequently, some of the variation in morphological
characters, at least for heterovhyids are, no doubt, due to
host connected differences., Trematodes have been known %o
develop to one size in one mammal and still another size in a
different mammal (Witenberg, 1929; Stunkard and Uzmaan, 1955).
In spite of this Imowledge, difference in morphological
structures (especially size of the body and reproductive
organs) are given considerable rank among the deciding factors
| in describing specles where the 1life cycle is unknown. An
important case in point is differentia%ion, by Stunkard and
Haviland (1924) of their species, Ascocobyle (B.) diminuta,
from A. minuta Looss, 1899, These authors gave their
reasons for describing this form ~s a different specles from
A. minuta (see page 29, z2bove). Even the name of the species,
diminuta, means smallexr than ordinary or average; very small,

or tiny. It is evident (page 29) A. (B.) diminuta was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 128,

described as a neWAspecieg, nainly, on the basis of the
size of the body and reproductive organs. |
Observations and Experiments

Ascocotyle (R.) diminuta from the chick tend %o be
larger than those from the mouée. Table XII, below, is
presented with measurements of morphological charac%ers;
arranged in a manner that oae nay écrﬁtinize all lengths
(ranzes and means) or all widths (ranges and means) sepa-
rately. From this table, it is ob&ious that‘worms from the
chick and the mouse differ considerably in the length of the
body, but only slighfly in width of the body, reproductive

organs, and other morphological characters., Vhen A. (2.)

" diminuta from the chick is compared with A, fenuicollis (2
species that is considered different because of arrangement
of spines and distribution of vitellaria) from the chick, the
greater differences are mainly inllength and width of the
body; differences in other characters are not too pronounced.
When Al (2&) diminuta (experimentally obtained by completing
the 1life cycle from the cercaria}ﬁo the adult stage; 6 to 8
weeks) from the rat'is conpared with the other species from
the chick and the mouse, greaﬁer 3ifferences, again, appear
to be in the length and width of the body; less for other

. chgggcters; . |

A null‘hypothesis was postulated, i.e., there is no
real difference in worms from mammals and birds when multiple
meésurements are considered. Since Fisher (1936) had used
nultiple measurement in taxonomic probvlems and deve;oped the

discriminant function, Mr. Owen B. Durgln, statisticlan at
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MEASUREMENTS OF Ascocotyle COMPLEX TREMATODES

FROM EXPERIMENTAL HOSTS.

Characters

A. (2.) diminuta
from the chick
(4 days of dev.)

A, (P.) diminuta
from the mouse
days of dev.)

(5

LENGTH
Body
0. Sucker
0. Cecun
Frazyas
Acetabulum
L, Testis
Re Testls

Ovary

WIDTH
Body
0. Sucker
0. Cecum

.Pharymx

Acetabulun
L, Testis
R, Testis

Ovary

0.28
0.04
0.06
0.03

0.03

0.03
- 0,04
0.03

0.12
0.03
=
0.03
0.04
0.03
- 0,04
0.03

R

Ool}o

0.05
0.15
0.04
0.04
0.06

0.06

0.05

0.17
0.05

0.04

0.05

0.07
0.07
0.06

0.15
0.04

0.03
0.0k
0.05
0.06
0.05

* not measured; R/Range, M/Mean

0.18

0.02
0,05

0.02
0.02

0.03

0.03
0.02

0.12
0.02

0.02
0.02
0.04
0.04

0,02

R

0.30
0.05

0.08

0.04
0.04

0.06
0.05 -

0.03

0.16

. 0.04

0.03

0.0k
0.07

0.06
0.03

M
0.24
0.03
0.06
0.03
0.03
0.05
0.05
0.03

0.13
0.03

0.02

© 0.03

0.05
0.05
0.03
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PABLE XII. (Continued)

A, (P.) diminuta A. Genuicollis
Characters exp. from the rat from the chick
(2 - 3 days dev.) . (3 days dev,)
LENGTH R K | R BRI
Body - 0.13 = 0.23  0.17  0.3% = 0.43  0.38
0. Sucker 0.02 = 0.04  0.03 0.03 - 0.05  0.04
0. Cecum  0.04 = 0.08  0.06 0.08 - 0,14  0.11
Pharynx | 0.02 « 0.03 0.03 0.03'- 0.05  0.0%
Acetabulim 0.02 - 0,04  0.03 0.02 = 0,05 0,04
L. Testis ' 0.03 - 0.05 0,04 0.05 = 0.0T  0.05.
R. Testis ~ 0.03 = 0.05  0.04 0.03 - 0,08  0.05
Ovary 0.01 - 0.0% .02 0.02 = 0.03  0.03
WIDTH

Body ©0.07 - 0,17 0.09 0.08 = 0,17  0.11
0. Sucker 0.02 = 0.04  0.03 0.03 - 0.05  0.0%
0. Cecum 5 | | # |
Pharynt 0.01 - 0,03 0,02 0.03 - 0.0  0.05
Acetabulum 0,02 = 0,05  0.03 0.03 - 0.06  0.05
I, Testis 0.03 = 0.08  0.0% 0.03 = 0,06  0.04
R, Testis 0.03 = 0.08  0.04 0.04 = 0.07  0.05
Ovazry | . 0,02 = 0.04 0,03 0.03 = 0.06  0.04

* not measured; R/Range, M/Mean
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the University of New Hampshire suggested that discrimlnant
analysis would test the hypothesis, Though I read Fisher's
original paper, I found it easier to follow Wert, Neidt, and
Ahmann (1954). Twelve specimens each of A. (P.) diminuta
were selected from a chick, a mouse, and a rat. An additiomal, .
12 specimens of A. tenulcollis were chosen from a chick., The
measufements made on each worm were as follows:  Body length;
body width; testis length; testis width; ovary lemgth; and
ovary width (see Appendix V for actual measuremenfs). These
measurements along with the difference in means were
evaluated with an IBM Computer (programmed by Mr; 0. B.

Durgin). The following combinations were evaluated:

1 2 3 4
A. diminuta A. diminuta A diminuta A. tenuicollls

from the chick from the mouse from the rat from tne chlck
Therefore, when all worms were compared with respect
to the above meaéurements, welghts which would produce

maximum distinctlon between groups were obtalined:

A1l Comparisons

2 3 4
1 (1) II III
2 IV v
3 | | VI

Por actual welght see Table XIII below. The weights in Table
XIII, first horizontal row of figures, may be used to obtain a
vector for ég_(gél diminuta in the chick vsiéé (2.) diminuta
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in the mouse (I):
V= Al(Xla - le) + Az(Xea - Xeb) + AB(XSa - X3b) +
bg(Xg, = Xgp,) + Ag(Xg, = Xgp)

Table XIII, Weights for Ascocotyle Complex Species

I 3.57045 =1,92206 -8,0338  =7.2548 8.0296
14,9508

II 35.6752 10,7445 114,244 - -64,610 . 84,565

- 26,8157 ' '
III ~1.06734 3.15165  =14.3073 6.6894  15.2192
- =1,99001 - a

IV 1.54779 4.01411 -~ <,165780 =5.0272 1.82458

v 6.3980. =.52012 -.104386 -4,07852 17,9054
-1.13101

VI 22,8721  3.50697 -4,2308 =16,1583 -37,208¢
33,878 -

The A's are the weights and the X's are the difference§
between means for the mgasurements of worms from the chick and
) the mouse. ﬁhen the. difference in means between A. (2.)
diminuta from the ﬁhick and A. (2.) diminuta from tﬁe’mouse is
substituted in the equation the values of Ay, Ay, A3, 4y, A5,
Ag obtainéd by simultaneous solution yleld the vector,
V= ,7782538, from the discriminant function. The vector
-islalso.the within group sum of équares. The number of
dégreés of freedom for the discriminant fﬁnction is the
nﬁmbér of variables (= the number of measurement) which, in
this insténée, is six. The sum of squares for the function is

Ky K
1 %2 o
-
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where K3 and Kp = 12 worms each for the chick and the mouse
and D2 1s the squared within sum of squares. N = 24, the
total number of worms from the chick and the mouse. The
mean square for the function 1is

| Xy Kp p2

N
m
where m is the degrees of freedom. The mean square for the

within is

—D
Nem=l

| When the neéded values are substituted in the above
formula, an analysis of maximum separatibn can be made as:
was done 1n.Table XIV-A, below. Such a table shows the test
of-significance of the discriminantion petween 4, (2.)

diminuta-chick vs A, (2.) diminuta-mouse by means of an

F=test: . :
P = N-m=1 (X7 Ko )D
‘ m -
F = 2461 (12%12) .7782538

8 24
F = 13.0883
The F-test is significant at the .01 level.
Therefore, two populations of worms exist., Since 1% has
been shown that two populations exist, there 1s sirong
evidence that both populations éould have resulted by random
sampling f:om two homégeneous populations. Further, the
computer has evaluated not only the difference betwqen fwo
means but also the difference between the two varlances.

The above procedures were followed for the remaining

comparisons:

J .
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II A, (P,) diminuta=-chick vs A, (2,) diminuta-rat
IIT A, (B,) diminuta-chick vs A. tenuicollis-chick
IV A. (B.) diminuta-mouse vs A, (E,) diminuta-rat

v 4, (B,) diminuta-mouse vs A, (B,) diminuta-chick |
VI A, (P,) diminuta-rat vs A. (_P_,_) diminuta-chick

For these comparisons, the following tables were prepared:

TABLE XIV. ANALYSIS OF MAXIMUM SEPARATION oF
ASCOCOTYLE GOMPLEX SPECIES

(2, ) diminuta mouse

(4) A. (B,) diminute~-chick vs 4,

SOURCE OF

VARTATION DF ss MS P
Function 6 3.55T4 .5929 13.0883
Withln 17 oTT 0453 -
Total 23 4, 3274 - -
(B) A, (B,) diminuta-chick vs A. (B,) diminuta-rat
SOURCE OF .

VART ATION DF ss MS P
Function 6 793.5000 132.2500 195.5204
Within 17 11.50 6764 -
Total 23 805.,0000 - -
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(C) A, (B,) diminuta-chick vs A, jenulcollis=-chick

SOURCE OF

VARTATION DF SS NS . R
Function 6 8214 <1369 6.3087
Within . 17 37 .0217 -
Total 23 1.1014 - -
(D) 4, (2,) diminute-mouse vs A, (P.) diminuta=-rat
SOURGE OF '

VARTATTON DF S8 MS P
Function 6 2904 0484 3.7519
Within 17 22 0129 _ -
Zotal _ 23 5104 - -

(B) A, (2&)'diminuta-mduse ve A, (P.) diminuta-chick

SOURCE OF

VARTATION DF SS_. MS B
Function 6 4,4646 JTT43 14,9767
Within 17 .88 .0517 -
Totel 23 5.3k - -
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(F) 4, (2,) diminuta-rat vs &, (P.) diminuta-chick

SOURCE OF

VARTATION DF S MS F
Function 6 90.7926 15.1321 66.1368
Within | 17 3.89 .2288 -
Total 23 94,6826 - -

From this information, so far, it is possible to
answer other questions. TFor example, whether the vector or
. within sum of squares from the discriminant functlon in Table
| XIV-A is due to influence of the chick on growth pattern of
wdrms or influence of the mouse. This information may be
obtained by deriving a eritical vector from the function.
The critical vector ﬁay be found by solving the discriminént
functioﬁ twlce, once by'inserting the actual measurements
(from Appendix V) for X;, to Xg, for the chick and, again,
by iﬁserting actual measurements ,from Appendix V) X1p to Xgp
for the mouse, The critical vector is cohsidered to lie
midway between theltwo vectors., When the values were lnserted
into the discriminant function, the vectors were:
for A, (2,) diminuta=-chick, 1.3102760
for A, (2&) diminuta-mouse, .5320222

The eritical vector 1is then, 0.9211491, midway between vectors
for the chick and mouse, Therefore, the chick had a greater
influence on the growth pattern of A, (B,) diminuta than the
mouse. The same procedures were followed for the other

comparisons (II to VI) and is shown in Table XV,
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TABLE XV. INFLUEHCE OF HOST ON GROWTH PATTERN OF Ascocotyle COMPLEX SPECIES.

"uolssiwiad noyum payqiyosd uononpoidal Joyung “Joumo WBuAdoo ays Jo uoissiwiad yym paonpoisday

Comparison
Animals

I Chick

Mouse

II Chick
Rat

IXITI Chick

Chick

iV Mouse
Rat

) VECTORS :
Parasite 1 Parasite 2 Both Critical
A, diminuta
T.3102
A, diminuta
532020222 -
. 7782538 .
0.9211491
A, diminuta
10.686L 33
A. diminuta
1.730152
11.501736
A. diminuta
1.1070
A. tenulcollis
68 3
8942679
A. diminuta
<52591183
A. diminuta
3062005
.22111056
L14074L

*LST
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Discussion of Results

Statistical inference has shown that the size of the
body and reproductive organs are variable and that different
populations can be establish by al;owing worms to develop
in d;fferent experimental host (61rds and mammals). Tables
XIV-A to XIV-F showed the.anﬁlys1S'of maximum separation
for all comparisons and~test§ of significance of dis=
erimination. A4ll were significant.at tﬁe .01 percent levei,
except IV where A. (P,) diminuta from the mouse and rat were
compared. The F-test indlcated (at..Ol percent,level) two
populations do not exist.. This comparisoﬁ was of interest
for the following reasons: (1) The worms from the rat were
from my experimental 1ife cycle; and (2) worms of the same
species (4, (B.) diminuta) from mammals could not be
separated into two populations. ‘in all other comparisons
(I to III) where worms of the same specles (A. (B.) diminuta)
were allowed to develop in both birds and mammals, two
populations existed, In comparisons (V to VI) the species
in the chick was a different species, Ascocotyle tenuicollis,
and when compared with 4, (2.) diminuts from mammals, they
were separated into two populations. In comparison (III)
where A. (P.) diminuta in the chick is compared with
A. tenuicollis in the chick, two populations were shown to
exist. It is clear that'the'null hypothesis, i.e., no
difference in populations of worms from birds and mammals
whep multiple measurements are considered is rejected at .0l

percent level of significance.
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The vectors in Table XV ylelded possible answers
as to which host had greater influence on growth pattern of
worns. The vector undexr the coluhn headed, Both 1s for two
parasites (Parasite 1 and Parasite 2), each from a different
host. The vector under the column headed, Parasite 1 or
Parasite 2 is for individual parasites from different host.’
The vector undar the éolumn headed, Oritical is the combined
vectors for Parasite 1 and Parasite 2 divided by 2. Therefore,
the Critical vector is midway between those for individual
parasites. If the vector for either Parasite 1 or Parasite 2
is above the Critical vector, there 1s evidence that the
particular host in which the parasite was allowed to develop
had a greafer influence on the growth pattern of the parasite.
Hence; the differences in the size of the parasite is due to
host connécted differences. In all oomparisons, regardless
of specles involved, chicks had a g;eater influence on the
growth rate of worms than mammals.

A criticism of the time periods in which the worms
were allowed to develop in the host would not affect the
statistical inference that chicks had a greatep influence on |
the growth rate of worms than mammals. For example, in

| comparisoﬁ 1 the greatef influence is due to the chick though
worns developed in chicks for four days as compared to five

days in the mouse.
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thinochasmus magnovatum

Although speclies of Echinochasmus have been descfibed

from birds and mammals, only one species (Echinochasmus
1iliputanous Looss, 1896)‘18 known to be capable of com=-
pleting its developmeht in either bird or mammal, It appears
that members of the genus are not polyxenous specles and
probably host specific for elther birds or mammals. However,
I have been able to infect day-old chicks with metacercariae
of B, magnovatum and adults have been recovered after five
days of development. -
Observations end Exﬁeriments

Worms from mammals had slower growth rates,'maturitj
rates, and iemained in the intestine longer than in birds.
Worms from chicks grew nearly three times as fast as those
in mammals, but remained in the intestine only 1/6 as long.
Worms in chicks were volded in feces after five days of
development whereas worms %n mammals were able t0 remain in
the intestine for 30 days.
| A null hypothesis is postulated, i.e., there are no
real differences in worms from birds or mammals when multiple
measurements are considered. Twelve worms each from the '
chick (5 days of development); mouse (6 days of development); .
mouse (18 days of development); and mouse (30 days of de-
velopment) were selected fof measurements (see Appendix VI).
The following measurements were used: Body length; body
width;.aﬁterior testis length; anterior testis width;
posterior testis length; posterior width;»ofary length;
and ovary width (see Table XVI).
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TABLE XVI. MEASUREMENTS OF Echinochasmus megnovatum
PROM EXPERIMENTAL HOSTS. |

E. magg ovatum E. magnovatum
Characters from the chick from the mouse
(4 days dev.) (6 days dev.)
LENGTH R ¥ R M
Body 0.09 - 0.79  0.68 0.23 = 0.37  0.29
0. Sucker 0.04 -~ 0,07  0.06 0.04 - 0,06  0.05
Acetabulum 0.07 = 0.11  0.09 0.05 - 0.10  0.06

‘Prepharynz . 0.06  0.02 0.03 0,01
Pharynx 0.04 - 0.08  0.07 0.03 = 0,07  0.05
Ovary 0,03 = 0.07 0.05 0.0l - 0.02 0.02
L. Testis . 0.04 = 0,12  0.07 0.01 - 0.02 0,02
P, Testis 0.06 = 0,12 0,08 . 0,01 - 0,02 0,02
C. Pouch 0.06 - 0.08  0.07 0.01 - 0.06  0.02
 WIDTH |
Body . 0.13 - 0.29  0.22 0.07 = 0.16 0,10
0. Sucker 0.04 = 0,07 0.05 0.03 = 0.05  0.04
Acetabulum 0.07 = 0.11 0,09 0.05 - 0.10 0,06
Prepharynx #* ' | -

" Pharynx | 0:07  0.05 | 0.02 = 0.05  0.04
Ovary 0.04 - 0,08 0,06 0.0l - 0.02 0,01
A, Testis 0.08 -~ 0.12  0.11 0.0l - 0.04 0,03
P, Testis 0.10 = 0.15  0.12 0.02 = 0.03  0.02
C. Pouch 0.04 = 0.07  0.06 0.01 - 0.02 0.01

* not measured; R/Range, M/Mean
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TABLE XVI, (Continued)

. | E. magnovatum E. magnovatum
Characters from the mouse - from the mouse
(18 days dev.) - (30 days dev.)
LENGTH - R Mo R M
Body 0.71 = 1,55  1.00 1 1.01 - 1.56 1.33
0. Sucker 0.08 - 0,11  0.09 0.08 - 0.12 0,11
Acetabulum 0.08 = 0,17  0.11 0.10 - 0.18  0.15
Prepharynx 0,02 = 0,05  0.03 0.07  0.02
Pharynx 0.08 = 0,15 . 0.11 0.10 - 0.18  0.14
Ovary 0.03 = 0,09 0,06 0.06 = 0.12  0.09
L. Testis  0.05 = 0,14  0.09 0.11 - 0.28 0,18
P, Testis 0.06 = 0,17 = 0.12 0.15 = 0.25 0.20
C. Pouck - 0.06 - 0,12  0.09 0.08 - 0.14 0,12
WIDTH | | '
Body . 0.22 = 0,41 0,31 0.39 = 0,60  0.46
0, Sucker . 0.06 = 0.09 0,08 0,08 -'0.12  0.10
Acetsbulum  0.11 - 0,16  0.12 0.11 - 0.21  0.15
Prepharynx #* e | |
Pharynx 0.08 = 0,11 0,10 0.08 = 0,12  0.10
Ovary 0.05 = 0,11 0,08 0.06 = 0,15  0.09
A, Testis 0.11 - 0.25  0.17 0.17 = 0.33  0.24
P. Testis 0.09 - 0,24  0.16 0.19 - 0.31  0.24
C. Pouch  0.03 - 0.11 _ 0.08 0.08 - 0,12 0.10

# not measured; R/Range, M/Mean
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Table XVI, above shdv&s lengths (ranges and }neahs) and widths
(ranges and means) for measurements of moxphological charace
ters. The measurements along with ﬁhe' diffe-r.en’ces in means
were evaluated with an IBM Oomputer. The foliowing com-
paris‘on"s were evaluated:

1 - 2 3 - 4
E, magnovatum E, magnovatum E. magnovatum E, magnovatum

from the chick Irom the mouse Ifrom the mouse from the mouse
5 days dev, 6 days dev. 18 days: dev, 30 days dev,

- All Comparisons

2 3 ¥
1 I I III
2 . Iv v
3. T 44

e /.,

Welghts from the computer for these comparisons are shown in

" the Table XVIT below:

Table XVII. Welghts for Bchinochasmus magnovabum

I 1,51646 =.332821 =29,1694 1.99857 20.4201
 .97883 -4,8535 22,6489 :

II 12,2228  10.2420 -1.69715 28,7083 = 6,0780
III 2.20614 7.2962  1.93296 63402  =5,8603
"1022316 -12.8583 "504409 ‘

IV 4,7615 -5,5855 28,7348  11.5270 -28.280%
63.362  16.3691 = 52.610 S '

v 1.40783 1.53972 -1.22569  4.9209 = =3.20112

-l * 01920 -4 . 6718 -'4 ° 042"77 ’
VI 3 94249 2,71088 -.355770 11.2992 3.04507

2,33806 -8,9254 6,5846
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The welght served as the discriminant .-function. The prd-
cedures’ outlined on page 151 to 154 were followed and

vectors were obtained for the following comparisons:

I g_ magnovatum-chick vs E. magnovatum-mouse
II E. magnovatum-chick vs E, magnovatum-mouse
III magnovatum-chick vs E, magnovatum-mouse
IV magnovatum-mouse vs E. magnovatum-mouse
v . Dagnovatum-mouse vs E, magnovatum-mouse
Vi maggovatum-m'ouse vs E, magnovatum-mouse

B

TABLE XVIIL. ANALISIS OF MAXIMUM SEPARATION OF
ECHINOCHASMUS MAGNOVATUM FROM EXPERIMENTAL HOSTS

(4) B, magnovatum~chick vs E, magnovatium-mouse

SOURCE OF - -

VARTATTON _DF Ss uS P
Funection 8 14,0454 1.7556 17.2117
Within 15 1.53 L1020 -
Total 23 15,5754 - -

(B) E. magnovatum-chick vs E, magnovatum-mouse

SOURCE OF

VARTATION DF SS MS_ 1]
Function ;] 63,3750 7.9218 36,5734
Within 15 3.25 .2166 -
Total _23 _66,6250 - -
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(¢)  E. magnovatum-chick vs E. magnovatum-mouse

SOURCE OF

VARTATION - DF 5 MS . F
Function 8 1332,06 166,507 167.6301
Within - 15 14.90 9933 -
Totel 23 1346,06 T -

(D)  E. magnovatum-mouse vs E, magnovatum-mouse

SOURCE OF

VARTATION DF _SS s P
Function 8 1721,7816  215.2227 190.5844
‘Within 15 16,94 1.1293 -
Total 93 1737.7216 - =

(E) E, magnovatum-mouse vs E, magnovatum-mouse

SOURCE OF ' )

VARTATION DF Ss uS 7
Function 8 11.7600 © 1.4700 15,7556
Within 15 1.40 ~.0933 -
Potal 23 . 13.1600 - -
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(F) 'gh_ma520vatum-mouse vs Q*'magQOVatum-mbuse

SOURCE OF

- VARTATION DR S MS F
Funetion 8 29.0520 3.,6315 24,7714
Within 15 2.20 21466 -
Total 23 31,2520 ‘ - -

In Table XVIII-F, above, the P=test 1s significant at
the .0l percent level of significance. This is enough
evidence to concludé'that two populations exist. However
other questions may be apswered. For example, is the growth
‘of Echinochésmus.maggovatum influenced more by the type of
host ox the’length of time they are allowed to develop in'a
given host? The answer to this question may be found by the
the followiﬁg procedures: (1) deriving a vector from the
function for each host in comparisons; and (2) finding the
critlcal vectors., The procedures for these steps are outlined
on page 156. The vectors for all comparisons and critical
vectors are shown in Table XIX.

| ' Discussion of Results

The analysis of maximum separation tables for all
comparisons and F-tests of significahce of discrimination
indicated two populations existed. The null hypothesis is

- rejeqted at fhe .01 percent level of significance. The
rate at which Echinochasmus developed to maturity depends
upon which host worms are allowed to develop. In comparison

I, the greater influence on growth patterﬁ is shown to be in
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| favor of the chick host rather than the mouse host though
wornsS developed two‘days longer in the latter host.

In comparisons II and III, the greater influence
on growth pattern of Echinochasmus is in favor of mice
rather than 9hicks. -fherefore, the influence of elthexr the
chick or mouse host on growth pattern of Ecﬁinochasmus nust
be equated with both type of host and length of time the
worm is allowed to develop in any one host (cqmparison I to
III). For example, n comparison IV to VI, where only |
mammals are 1nvolved 1t is clear that influence on growth
pattern is due to number of days of development rather

than host.

Discussion of Biometrics and Trematode Taxonomy:
Mettrick (1963) studied the morphologlcal variation
observed between populations of the dicrocoeliid, Zonorchis
petiolatum Railliet, 1900, from the crow family (Corvidae);
the thrush family (Turdidae); and the starling family
(Sturnidae). He noticed considerable variation 1n,ev§ry
morphological'eharacter examined.A Further, he was able to
show statistically that there were significant differences
" in the egg size of the trematodes from hosts in different
families of birds., He commented:
 If when sufficient materiél is avallable té carry out
further work comparing other morphological characters,
. similar differences are found, the question of speclation
nust be reexamined.
Mettrick used a coefficient of difference, l.e., difference
of means di#ided by the sum of standard deviations, o show

the jJoint nonoverlap percent between populations (based on
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differences in egg size). He stated:

Because of the large percentage nonoverlap between
populations when compared by a coefficient of difference,
it 1s suggested that the standard of specles determi=-
nation, as far as helminthological work is concerned, may
lie near Amadon's (1949) concept of subspecific dis=- .
tinctlon., This expressed in terms of coefficlent of
difference, would indicate specific difference if the
CD value was 1.96 or above. If large populations are
being compared a higher (D value (2.18) should be used.
According toAMayr, Liﬁsley, and Usinger (1953) the
coefficlent of difference is a method used for rough
}approximation of subspéciétion. They concluded that two
populations could not be distinguished unequivocally by a
single character, but could be separated by multiple
character analysis, i.e., using in the analysis simultane~-
ously two or more characters, They suggested several methods
of multiple character analysis, but thought Fisher's method
of discriminant functions was the most useful., This method
has been used by Stone (1947) for studles on fish; Carson
and Stalker (1947) for Drosophila and Storer (1950) for
birds. | | |
I wish to emphatically point out that my work was
not to suggest that trematode species could or could not
" be distinguished by using multiple character analysis
(discriminant functions developed by Fisher, 1936). However,
the method strongly indicates that populations exist within
trematode specles as a result of host connected differences
and length of time of_devélopment in any one host, The
existence of these populations within known specles
indicated that variation occurs within the species. Studies

on populations of worms could lead to better descriptions of
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species and hence a more satisfactory concept of speciation.

It is shown 4in Appendix VIII and IX that it would
be unwise to use a coefficient of difference, which assumes
oniyione variable, to separate multiple variable trematodes
into species.or subspecies.

' Obsexrvations on variability in other helminth groups
have been made by other authors. For example, Bullock (1962)
noted that the genus Acanthocephalus exhiblited variability
in series of worms- from different hosts and different
geographical locatlons. ‘He indicated that a plurality of
specles might be involved, but found considerable overlap in
all measurements even'when differences in distribution of
measurements occurred with host or with location. At‘ﬁhe
end of his study, he remarked- |

It Wbuld appear that even though some species of
Acanthocephala are most stable morphologlcally, others
~are prone to vary considerably. Wherever possible,
descriptions of species of Acanthocephala should include

measurements of a long series of worms. It would also
“be of value to indicate in such a description the number

of worms used,

My etudy on populations of trematodes from different
fingl hosts might serve to remind helminth taxonomists of
comments of Mayr, Iinsley, and Usinger (1953):

Most taxonomic characters are variable, and a study of
this variabllity is part of the taxonomic procedure.
It is obvious that taxonomlc characters should not be

drawn from single representatives of populations, but
rather from adequate samples.
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SEGTION IX.
GENERAL SUMMARY

(This 1nvestigation reports the morphology and 1ife'
history of Ascocotyle (Phagicola) diminuta (Stunkard and
Haviland, 1924) Stunkard and Uzmann, 1955, 'a trematode
belonging to the Ascocotyle Complex., Its complete life
historxry, from the cercaria to the adult_has been worked out
in the laboratory at the University of New Hampsh;re. The
first intermediate host was found to be szrobia Salsa
Pilsbry, a brackish water snall collected from depressions
in the salt marshes mear Johnson Creek in Durham, New
Hampshire. The incidence of infection of these snails with
the heterophyld cercaria was 1 to 2 percent.

The gllls of various specles and varietles of parasite
free poeciliids (marble mollies, red swordtails, green tuxedo
swordtails, red platies, red wagtail platles, and red tuxedo
platy) have been exper@mentally infected with the heterophyid
cercaria from Hydrobia §§;§§; The gills from the experimental
troplcal fish were fed to laboratory-reared day=-old chicks,
white rats, and white mice after the metacercariae had been
allowed to mature for three weeks. Worms have been recovered

 from experimental hosts after 2 tq 4 days of development.
Adults weie described from day-old chicks after 4 days of
development. Cercaria and redia stages were deseribed. from
Hydrobia salsa. The metacercaria was described from wild.
Funduius heteroclitus and experimental tropical fish.
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Studies have also been made on the sexual cycle of

Ascocotyle tenuicollis Price, 1935, a specles restricted to

the conus arteriosus of Fundulus heteroclitus collected from

depressions in.salt marshes near Johnson Oreek in Durhem,
New Hampshire.' This‘species wﬁs also found in the conus
arteriosus of Fundulus heteroclitus collected from depressions
of salt marshes near Great Bay in South Newington; and near
the Hampton River in Hampton, New Hampshire. However, only
metacercariae from the hearts of Fundulus collected in Durham
were fed to day=-old chicks, Morphblogical studies were made
on adult worms recovered from day-old chicks after 3 days of
development. Variation in the oral coronet of spines and size
' of the bodj were noted., The specles was redescribed. This

is the first report of Fundulus heteroclitus serving as

second intermediate host for this speciles. Therefore, this
- 1s a new host and locality record.

This investigation also reports the finding of the
second intermediate host (Fundulus heteroclitus) of
Echinochasmus magnovatum (Stunkard and Haviland, 1924).Price,
1931, one of the three species of this genus described from
this country. The sexual ejcle was studled. Its morphology
and development in experimental definitive host (day-old
chicks and white mice) from 5 to 30 days was studied.
Variation in the ﬁumber of spines and size of the body were
‘noted and the specles was redescribed from the mouse after
18 days of development. Other observatlons were made on
uterine egg counts and the hatching of the miracidium in

various solutions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



175.

- Discriminant smalysis of morphological variation
of trematodeé,from final host animglé.(experimental) was
coﬁsidered. Heterophyid trematodes of the Ascocotyle Complex
- showed considerableIVariation in regards to the size of the.
body and reproductive organs., Statlstical inference from
nultiple character analysls indicated populations in
expgriments where worms were allowed to develop in different
experimental‘hosfs (day-old chicks, white mice, and a white
rat). It was found that regardless of species invoifed,
chick hosts had a greéter influence on growth pattern‘of

worms than memmallan hosts,
. Echinochasmus magnovatum from'final host animals
* was also subJected to discriminant analysis. The size of
the body and reproductive organs varied considerably.
Multiple character analysis indicated populations existed
when worms were allowed to develop in different experimental
hosts (a day-old chick and white mice). It was found that
the 1nf1ueﬁce of elther chicks or mlce on the growth pattern
£ E, magnovatum was equated with both type of host and

number of days worms were allowed to develop in any one host.
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APPENDIX TI.

FEEDING ‘EXPERIMENTS INVOLVING WILD Fundulus heteroclitus (FROM DEPRESSIONS
OF SALT MARSHES IN SOUTHEASTERN N. H,) AND LABORATORY-REAREDVANIMALS;

‘A. Fundulus from Johnson Creek

Experimental A. (P.) diminuta ‘ E. magnovatum g ‘ Remarks
Animal

All mice in this table were fed
gllls from two fish on 2 consecutive
days and fed rat food on the third
day after the first infective
feeding.

Mouse No. 1 : Numerous ‘ Few Mouse No, 1 and No., 2 were
' killed and examined for worms on the
tenth day following the first in-
fective feeding. All specimens of .
A, (P,) diminuta were mature (uterus
filled with eggs). Most of the
specimens of Echinochasmus
_ magnovatum were limmature though some
Mouse No. 2 " " had one or two eggs in the uterus.

Mouse No. 3 u b Mouse No. 3 and No. lj were
killed on the third day after the
first infective feeding. Specimens
of A. (P.) diminuta were both mature
and immature while those of"
Echinochasmus magnhovatum were all

Mouse No. li n u immature. :

*E6T
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A.

Fundulus from Johnson Creek'(Continued)

 Mouse No. .7
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Experimental
Animal

E. (P.) Eminuts

E. magnovatum

Remarks

Mouse No. 5 Numerous

Mouse No. 6 b

Mouse No. 8 w

Chick No. 8 220

Few

"

Mouse No. 5 and No. 6 were

killed thirteen days after the first

infectlve feedin Some moribund
specimens of A. %P diminuta were
observed. AlT—specimens of
Echinochasmus magnovatum had reached
maturity and had two to six eggs in
the uterus.

Mouse No., 7 and No. 8 were

killed on the sixth day after the

first infective feeding. All
specimens of A, (P.) diminuta had
reached maturity while none of the

1 Echinochasmus magnovatum had reached

maturity.

Chick No. 8 was fed a daily
diet of gills (from 2 fish each day)
and killed on the fourth day. All
specimens of A, (P.) diminuta were
mature while those of E. magnovatum
were lImmature.

‘H61
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A., Fundulus from Johnson Creek (Continued)

Experiﬁental A. (P.) diminuta B, magnovatum Remarks:
Animal :
Chick No. 9 ~ 70 o 5 Chick No. 9 and No. 10 were fed

the same diet as Chick No. 8, but
the diet was increased to include 5
fish on the fifth and sixth day.
The chlcks were all killed on the
. slxth day. Specimens of all worms
Chick No. 10 86 39 ' recovered were mature. :

Chick No. 11 .. 280 . . 1y ~ Chick No. 11 was fed the same
- as Chick No. 8 and killed on the
fourth day. Specimens of A. (P,)
diminuta were all mature,
SpecIﬁens of E. magnovatum were all
immature.

Chick No, 12 " . Negative . Negative Chicks No, 12, 13, and 1l were
' fed a daily diet of gills (from 3

fish each day) for 6 days. Chick

No. 12 and No. 13 were killed on

Chick No. 13 . n S the sixth day.

Chick No. 14 L 1 - Chick No. 1l died on the seventh
day. Four moribund specimens of
E. magnovatum were recovered. All
'specimens were mature.

% AlL cHICKs weTe one day-old., They were given their Iirst infgbtive‘?bedings while
their feathers were still moist. All other feedings were infective. They were never
given chicken food, :
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B. Fundulus from Crommet Cfegk (Continued)

Experimental A. (P.) diminuta E. magnovatum Remarks+w
Animal '
Mouse No. 9 Numerous , Few . -Mouse No. 9 and No. 10 were

killed three days after the first
infective feeding. Both mature and
immature specimen of A. (P,) diminuta
‘were recovered. All speclimens of
Echinochasmus magnovatum were

Mouse No. 10 w o "o immature.,

11 n ' " Mouse No. 11 and No, 12 were
killed ten days after the first in-
fective feeding. All specimens of
A. (P.) diminuta were mature while
Those of Echinochasmus wers all

Mouse No. 12 " " immature.

Mouse No,

# All animals were fed the gills from six fish in one infective feeding.
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C. PFundulus from South Newingﬁon (Continued)

ExperImental
Animal

E- (F.) diminuts

E. magnovatum |

Remarksst

Chick No. 15
Chick No. 16
Chick No. 17
Chick No. 18

Chick No. 19
" Mouse No. 19

Mouse No. 20

" Mouse No. 21 -

Mouse No. 22

Negative o

Numerous

Ngggtivg

F_'ew

Chick No. 15 was examined for
worms on the second day after the

" infective feeding. Chicks No. 16,

17, 18, and 19 were examined on the
3rd, Lth, 5th and 6th day.

Mouse No, 19 and No. 20 were
examined for worms on the lLth day.

_Specimens of A. (P.) diminuta were

both mature and immasture, AILl
specimens of E. magnovatum were
immature. _

Mouse No. 21 and No. 22 were

- ki1lled on the 10th day. All

specimens of A. (P.) diminuta were
mature. Speclmens of E. magnovatum
were immature.

*L6T .
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€. Fundulus from South Newington (Continued)

" Experimental A, (P.) diminuta B, magnovatum - Remarks#
Animal
~ Mouse No. 23 Numerous -~ - Few  Mouse No. 23 was examined for

worms on the 13th day. All speci-
mens of A. (P.) diminuta were '
mature. ~Some morbound specimens of
. this specles was observed. Speci-
. mens of E. magnovatum were both
‘mature and Immature. Mature speci-
meng of this speclies had 1 to 3
eggs in the uterus.

#® All chicks were 10 days old. They were given one infective feedling of gills from 18
fish (divided into equal portions). On the following day, they were placed on a
regular diet of chicken food.

A1l mice were given one infective feeding from the g€ills of 25 fish (divided into
. squal portions%

*g6T



D. Fundulus from Hampton (Continued)
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Experimental .

Animal

A. (P.) diminuta -E. magnovatum

Remarksi

Mouse No, 13

Mouse No. 1lh

Mouse No, 15

- Negative 1,192

Few | o . 228

. o 3a

‘Mouse No. 13 was given one in-

" fective feeding of gills from 3

fish. The animal was killed 18

" days after the infective feeding.

The infection was very extensive
since 1,097 worms were taken from
the small intestine, 20 from the
large intestine and 75 from the
cecum. These worms were all mature

..~ though some had reached maturity at
a smaller size,

Mouse No, 1l was fed the gills
from one fish in one infective

feeding and killed on the 6th day.

K1l Echinochasmus were immature and
a11 Ascocotyle were maturs.

Mouse No. 15 was fed gills from
one fish and killed on the 1lLth day.

‘ 411 worms were mature.
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.D. Fundulus from Hampton (Continued)

Eipetheﬁtal
Animal

A.

(F.) diminuta

"E. magnovatum

Remarks

Mouse No. 16»

' . Mouse No. 17

Mouse No. 18

Rat No. 1
Chick No. 1

Chick No.: 2

Regative

15

26 -

Mouse No. 16 was fed gills
from one fish and died on the 17th
day. The cause of death was un-
known. All worms recovered were
mature. : -

Mouse No. 17 was also fed 6ne-

infective feeding. The animal was

killed on the 22nd day. All worms

. _ -were mature. P

925

Negative

Mouse No. 18 was given one in-
fective feeding which included the
gllls of seven fish. The animal
was killed on the 20th day and all

. worms were mature. However, many
"had reached maturity at a different

size.

Rat No. 1 was given one in-
fective feeding of gills from seven
fish and killed on the 1lLith day.

- The worms recovered were mature. .

Chick No. 1 and No. 2 were T

" days old. The gills from seven

fish were divided between the 2
chicks. Both died 3 days after the
infective feeding. The were
autopsied and found negative.
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APPENDIX II.

MEASUREMENTS OF METAOEROARIAE ON THE
GILIS OF WILD Fupdwlus .2.112;91&11_9-

A, Fundulus from Johnson Oreek

Number of

Metacercariae ‘ Length : L S Width
SR U o 0.20 0.11

2, o . . 0.14 - | . 0,09

30 . ’ 0013 ’ ' . 008

0.13 = 0.20 Range of Size 0.08 = 0,11
| 0,16 | " Meem - - 0,09
t . 4.057 Standard Deviation £.016
- 23% Ooeﬁicient of Variation 17.7%
o G411 Arch No. 1 | |

0.14. 0,08

5. - 0,19 0.14
6. 0,22 0.13
T 0.16 0.09
8. 0.16 0.13
9. - 0,20 0.13
10. 0.14 0.08
11, 0.17 0.09
12. . B l 0019 0.14
130 . 0019 0.14
14, , 0.16 0.09
0.11

15. 0.17

0.14 = 0,22 Range of Size - 0,08 = 0.14
0.17 Mean - 0.11
3.024 Standard Deviation . £.024 .
14.1%  Coefficient ofﬁVhriation~321,8%
* Gill Arch‘No.‘g ' | | '
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A, Fundulus from Johnson Oreek (Continued)

Numbexr of ' . . :
Metacercarise : Length : ‘ - Width
, 160 . o ) 0022 . ) 0013
170 ) 0016 0013 :
18, L 0,14 o . 0.11
19. . l 0013 0008 :

0.13 = 0,22 Range of Size 0,08 = 0,13
0.16 " Meenm 0.1
.04 Standard Deviation £.024
25§ Goefficlent of Variation 21.8%
# G411 Arch No. 3 | | o

20. 0.08 0.05
21, 0.16 0.09
22. 0.17 0.09
230 0.16 0.11
24. 0017 0.14

0,08 = 0,17 Range of Size 0,05 = 0,14
0.15 - Mean - 0.09
+.034 Standard Deviation £.03

22.6% Ooefficlent of Variation 33.3%

- # G111 Arch No. 4
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A. Fundulus from Johmson Oreek (Continued)

Number of - - . . :
Metacercariae S Length o Width

26, ' ' e 0.16 0.08

27, 0409 0.06

28, o 0,09 0,06

29, 0,19 0.13

30. ", ‘ 0.17 0013

31. . - 0,20 0.17

320 . ) 0016 0013

330 . ’ -0020 0013

() RN 0016 0.09

35 ' . - 0.5 0.16

36. o 0.14 0.09

37, . : 0.16 0.13

) 38¢ ' 0016 L 0009
' 39. - 0.17 : 0.1l

0,09 = 0,20 Range of Size 0,06 = 0.17
0.16 . ‘Mean: | 0.11
+.01 Standard Deviation +.034
6.2% Goefficlent of vma[t;on' 30.9%
* G111 Aroh No. 5§ |

40. . ) 0013

0.09

41, C 0.20 0.13

420 . _ ' 0016_ 0008

43, ‘ 0.16 0,08

44, 0.17 - 0.08

45, B 0.16. 0.09

46. ‘ ¢ ' '0022 0013

47. ‘ 0.17 0.14

48, ‘ 0.17 0.09

49, . - 0,22 0.13
500 ‘ _‘ 0019 0014

. 5. ' " 0,20 0.13
52, - . 0,16 0.09

0.13 - 0.22 Range of Sige 0.08 = 0.14
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A. Fumndulus from Johnson Oreek (Continued) B

Number of . o
Metacercariae - . Length R Width

0.18 Mean 0.11
£.026 Standard Deviation 4.024
14.4% Ooeffiolent of Varlation 21,8%
# GA11 Azch Fo. 6

53. ' 0.14 ' 0.08
54, - , 0.11 i ‘ 0.08
23. y " 0.11 | 0.09
56, . 0,14 - ' 0.09
57, . 0.16 - 0.11
58. : " 0.14 . 0.09
59. 0.20 ' 0.14
60. ’ 0.14 . : 0009
61. ‘ ‘ 0.17 ' ' 0.1l
62. - ‘ <~ 0017 ' . 0.14
63, - 0.13 . 0.09
640 P 0014 : : - 0008
65, ' ‘ 0.14 0.13
66, . - 0422 - 0.17
67. . ’ - 0016 0009
g8, 0.4 o 0.09
69. 0014 ) 0011

70. . ) 0022 ' 0013

0.11 - 0,22 Range of Size 0.08.~ 0,17
015 Mean - 0.11
£.031 Standard Deviation 4,026
20.6% Coefficient of Varlation 23.6%
# G411 Arch No. 7 | -
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A, Mgggs from Johnson Oreek (Continued)

Numbexr of B . .
Metacercariae : - Length . . Width
710 ‘ o T 0027 0017
T3 o 0.20 0.11
4. , 0.16 0.11
750 - 0020 0013
76, o 0413 0.1l
77' . ' ‘ . 0011 0.06
T8. ' : 0.17 0.14
79. ) ' 0014 0008
81. S 0.14 0.08
82. : . ’ 0009 0006
83, S 0617 0.09
840 « ) : . 0016 0.09
85, 4 0.19 0.11
86. : : 0,1l 0.08
870. . 0014 0008 .
. 88, B 0,17 0.09
890 J ’ . 0016 0.11
90. . 0.14 0.09
9l1. 0.14 0.09
92. " ' ’5 0017 0009
93. _ . : 0.22 0.13
94, ' 0.16 0.13
95. , 0.16 0.08
96. . N 0.16 0.11
970 o 0014 ' 0.08
' 98. 0.17 0.1l
- 99, ' 0.13 0.08
100. ' 0.16 0.08
101, - T ' 0.19 0.11
102, 0.17 0.09
103. 0.11 0.06
104, 0.17 0.11

0.09 = 0,27 Range of Size 0,06 = 0.17
0.16  Meen 0410
+.035 Standard Deviation 4.024

21.,8% Oosffictent of Varlation 24%
% G411 Arch No. 8 - |
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B, Fundulus from ;Orbmmet Oreek (Oontinued)

- Number of ‘ ,
Metacercariae . Dength: . - S Width
1. 0.17 0.14
2. 0019 ) ' 0013
e 0014 e 0.13
4, - 0.14 o 0.11 -
50 . : N 0014 0009
60 : : ) . 0016 0009
Te : 0014 . . 0.11
8. 0.14 ' 0,09
9. . . ‘ 0.13 0.08
10. 0.16 : 0,09
11. 0.19 0.09
12, , 0.16 . 0,08
14, 0.16 0.09
150 ! ' 0014 ' 0008

0.13 = 0,19 Range of Size 0.08 = 0.14
0.15 _ Mean 0.10
4.02 Standard Deviation +.02
| _ 13.3% Ooeffiolent of Variation' vao%
# Gi11 Avch No, 1 = = o |

16. . , 0.14 0.08
18. ' 0017 - 0.11
- 19. | I 0.16 0.09
20, : ' - 0.1T | 0.09
21. C : 0.22 0.14
22, L : - 0.16 0.09
24, ‘ 0.13 0.08
25. ' ' 0.16 0.11
27. - . 0.09 0.08
28, : 0.19 0.14
29, 0.16 0.09
30. 0.14 - 0,08
0.11

- 7, | 0.17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



207,

B. Fundulus from Orommet Oreek (Oontinued)

Number of . _ S ,
Metacercariae - . - Length - AR Width
324 R 0.13 - = s - 0,08
33 : : 0.19 : ) - 0,11
340 ' 06T , , ' ‘ 0.13
35, | . 0.4 0409
360 ' 0019 ‘ 0d13
370 0014 : ) ’ 0.08
38. ' 0.14 ‘ 0.08
39 0.13 ' 0.08
40, - 0.13 0.09
410 ’ . 0019 . : 0009
42, - 0.14 , ' 0.09
43, 0.14 - 0.11

0,09 - 0,22 Range of Size 0.08 = 0,14
0.15  Mean 0,10
£,026 'Standerd Deviation .02
10.6% Ooeffiolent of Variation 20%
® GA11 Aroh No. 2 |

14, ‘ 0.6 | 0.09

45, L © 0.16 ) 0.09
46, ' . 0.14. 0.09
47. . - 0014 . . 0.08
48, . o 0016 : v 0'08
49, - 0.22- 0.16
'500 . .V : 0014 : ' 0009
51. 0.16 - 0l11
52. 0.14 0.08
53 . 0.22 0.11
54, 0.22 0.13
- 55. A 0.14 0.08
56. , 0.21 0.14
57 R 0.16 0.08
58, | 0.14 0.09
. 59. ‘ 0.19 0.14
60.' ' 0016 0.11
61, 0.16 0.09
0.13

62. ‘ ’ '0.16
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208,

B. Fundulus from Crommet Oreek (COontinued)

Number of

Metacercariae ' Length SR Width
63. o S 0416 o 0.11
64, . : 0.16 , 0,11
664 . 0.13 0.09
67o . ' . 0022 0014
' 68. . ' 0016 ) 0011

69, - 10.16 - 0.09

0.13 = 0,22 Range of Size 0,08 = 0.16
0.17 . Mean 0.10
+.03 Standard Deviation +.024
"17.6% .Ooéfficienf of Varlation 24%
# G111 Aroh No. 3 |

0,08

1. K S 0.14 0.08
72, . 0.14 0.08
730 ; . . 0013 0009
74. "’ : } . 0013 0.09
75 0619 0.09
6. - 0.14 0.08
Tl : © 0 Old4 0.08
T8 . ' 0,13 0.09.
19 - ‘ 0.16.. 0.09
80. : 0,20 - 0.14
81. ' 0020 ! 0013
82, . : 0.14 0.09
83. : 0.22 0.16
84, ' 0.13 0.09
85. : ‘ 0.1l 0.08
. 86 o 0,19 0.13
0.13

" 87, 0.20

0.11 - 0,22 Range of Size 0.08 = 0.16
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209,

B, Fundulus from Orommet Oreek (Continued)

Number of . _
Metaceroa:;iae o Length , ‘Width

0416 Mean | 0.10
£.032 Standard Deviation 44024
20% Ooefficient of Variation 24%
# G111 Arch No. 4 | S

H

88. ] 0014 0009
89, . : 0.14 0.09
90, . 0.09 0.06
910 i . 0016 ' 0.09
92, , 0.13 0.09
93. . : . 0.19 0.11
- 4. ' S - 013 0.08
95, 0.21 - 0.14
96. : 0.16 0.09
97. ' : 0.19 0.13
98, , ' 0.13 0.08
99. : : . ’ 0013 - 0008
100. o 0.16 : v 0.11
101, 0.16 0,08
102, L ) 0.14 0.09
103. 0.17 0.11
104, 0.6 0.09
105. - 0016 0.11
106, 0.16 0.09
1070 . ’ 0013 0009
108, 0.14 0.09
109, - 0.14 0.08
0.09

110, | 0.16

0.09 = 0,21 Range of Size 0,06 = 0,14
0.15 ~ Mean 0.09
+£.024 Standard Deviation £.02 |
16% OCoefficient of Variation 22.2%
# G411 Arch No. 5
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210.

B, Fundulus from Orommet Oreek (Continued)

Number of . : i
Metacercariae . Length . Width
111. 0.16 0.08
112, 0.14 0.09
1130 0016 0008
114, - 0.22 0.11
1150 0014 0108
116, 0.14 0.09
117. 0.22 0.11
118, © 0.11 0.08
. 119. ‘ 0.17 0.09
120, 0.19 0.13
121. 0.17 0.11
122, 0,17 0.14
123. 0.14 0.08 .
124, 0.17 0.11
125. g 0.11 0.09
126. ' 0.17 0.11
127, 0.1l6 0.11
128, 0.13 0.09
129, 0.11 0.08
1%0‘ ’ 0014 0008
131. 0.16 0.08
132, 0.14 0.09
133' 0014 0009
134. 0014 0008
. 135, 0.14 0.08
136. 0008 0.16
137. 0.14 0.09
138, 0.16 0.09
139. 0.16 0.08
140. . 0.17 0.1l
141, 0.14 0.11
142, 0.17- 0.14
143, 0.16 0.08

0,08 =.0,22 Range of Size 0.08 = 0.16
0.15 Mesn 0.10
£.028 Stendard Deviation .02
18.6% Coeffioclent of Variation 20%
# G111 Arch No, 6 B :
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B, m from Orommet Oreek (Continued)

21l.

Number of .
Metacercariae Length Width
144, 0.14 0.11
145, ‘ 0.14 0.09
146, ‘ 0.16 0.09
147, - 0.16 0.09
148. : 0017 0011
149, 0.16 0.08
150, 0.20 0.14
151, 0.16 0.11
152, . 0,14 0.08
153, © 0.14 0.09
154, 0.16 0.08
155. 0.11 0.08
156, 0.13 0.08
157, 0.17 0.11
i 1580 . 0.13 0.08
159. 0.09 0.16
160, 0.14 0.14
161, 0,22 0.13 .-
162, 0.14 0.09
163, - 0,20 0.13
164, 0.11 0,08
0,09 « 0,22 Range of Size 0,08 = 0.16
0.15 . Mean
4+.032 Standard Deviation - 4,024
20.3% Ooeffiolent of Variation 24%
# G111 Arch No. 7 oo
165. 0.14 . 0,11
166, . 0.22 . 0.13
167. 0,19 0.13
- 168, 0.19 0.13
169, 0.17 © L0013
- 170, 0.14 0.06
J171. 0.16 0.09
1720 0016 0011

N
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212,

B, Fundulus from Orommet Creek (Continued)

Number of _ ' oL
Metacercarise : - Length , Width
1730 0019 0013
174, 0.14 0.09
175. 0.14 0.09
176. C 0,17 0.09
177, 0.24 0.14
178, 0.22 0.14
179, 0.22 0.16
180. O .14 o 008

0.14 = 0.24 Range of Size 0.06 = 0.16
0,18 ' Mean .o
; © #.034 Standard Deviation £.026
18.8% ,Ooefﬁoient;of Variation 23.6%
* G111 Arch No. 8

é..
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213,

Fundulus from South Newington (Continued)

C.

Nunber of

Width

= H DN YO VN NI NN 00— DO Ove = NI
i G L L L e o e e e e e L L k= o LT = R

e s @ ® o o o e o o o ¢ & o o 0 0 0 0 & o

NN

D et -
QO rdedinrd At
[ ] * . ® [ ) L 3 [ ] L ] L
oY oo NoXeo

Length
0.14

- 0.14
0.16
0.20
0.14
0.13
0.20
0,19
0.16
0.25
0.19
0.20
0,19 -
0.13
0,22
0.14
0.16
0.20
0020 o
0,20
0.19
0.19

" Oel4
0,22
0.17
0.22
0.20
0.19
0.19
0.14
0.16
0.27
0.16
0.17
0.24
0.16
0.24
0.22
0.13 ¢
0.16
0.20
0.25
0.19
0.19

Metacercariae .
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214,

C. Fundulus from-South Newington (Continued)

Nunbexr of : : -
Metacercariae ' Length _Width
47, ' 0.24 0.13
48, 0.20 ‘ 0.13
49, 0.14 X 0.09
50. > 0.22 ' . 0,14

0.13 - 0,27 Range of Size 0.08 = 0,16
0.19 Mean 0.12
4£+036 Standard Deviation 4£.02
19%  Coefficlent of Variation 16.6%

 # G411 Arch No. 1

51, ' 0.20 0.14
52, 0.17 0.13
53. 0.22 0.14
54, " 0,24 0.13
55( o 0019 0014 M
56, ‘ 0.17 0.09
5T, 0.22 0.13
58, ' 0.14 0.08
59’ 0013 0113
60, . 0,22 0.11
61, Oel3 0.1l1
62. 0.20 0.13
63, 10,20 0.13
64, : 0.20 0.16
65. 0.20 0.11
66, 0.24 .0.14
67, 0.19 0.13
68 0.17 0,11
69. 0.16 0.11
T0. 0.16 - 0.11
71. 0.24 0.14
72. 0,24 0.17
T3. . 0.22 0.14
74, 0.19 0.14
75. 0.19 0.16

_ . . .
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0. Pundulus from South Fewington (Continued)

215.

Number of

Metacercariae Length Width
760 0022 o 0013
TTe 0.17 0.1l
78- \ 0024 ' 0014
79‘0 ' 0019 0.11
8o, 0.19 0.13
8l1. . 0.20 . 0.13
82, 0.22 0.13
83, 0,19 0.11
84, - 0.22 0.14
85, 0.19 0.11
86, 0.22 0.13
87. 0.19 0.13
88, . 0.16 0.09

0.13 = 0.24 Range of Size 0,08 = 0.17

0.19

+.03 Standard Deviation .02
' 15,7% Ooefficient of Variation 15.3%

* Gill Arch No. 2

89.
90.
gl.
92,
93.
94,
95.
96.
97
98,
N 99. .
100,
101,
‘102,
103.
104,
105.
106.
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216.

. Fundg;us from South Newington (Gontinued)

Number of , . o
Metacercariae Length . Width
107, . 0,16 0.09
108, 0.13 0.09
110. : 0.14 0.08
111, 0.20 0.11
112, - 0.09 0.08
113, 0.24 0.14
114, - 0.20 0.13
11s5. : : 0.24 0.13
116, , 0.24 0.14
117. 0.19 0.11
118, . ' 0.19 0.14
119. ' : : 0.24 0.16
120, 0.20 0.13
121. ' ' , 0025 0014‘
122, N . 0.24 0.14
1239 ) . 0019 0.14
124, 0.24 0.13
125, 0.20 0.13

0.09 = 0,25 Range of Size 0.08 = 0,16 .
0,20 Mean 0.12
';.4036 ‘Standard Deviation 4.02
18% OCoeffiolient of Variation 16.6%
# G111 Arch No. 3 |

126, 0.19 0.09
127. 0.17 0.11
128, 0.19 0.14
129, 0.24 0.14
130. 0.24 0.13
131. 0.25 0.16
132, 0.24 0.16
133. 0.24 0.13
134, 0.24 . 0.14
135, 0.13 0.06.
136, 0.22 0.13
. 137, 0.20 0.14
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0., Fundulus from South Newington (Oontinued)

a17.

Number of

Metacercariae Length Width
138. 0.17 0,09
139. 0.24 0.14
140, 0.22 0.14
141, 0.20 0,13
142, 0.20 0.13
143, 0.22 0.16
144, 0.24 0.16
145, 0.17 0.13
146. 0.19 0.13
147. 0.20 0.13
148. 0022 0.14
149, . 0.20 0.14
150. 0.22 0.13
151, - 0.16 0.11
152, 0.16 0.13
153. ‘ 0.16 0,09
154, 0.17 0.14
155. 0.16 0.19
186, 0.1l 0.09
1570 0009 0.06
158, 0.20 0.14
159. 0.20 0.14
160, 0.20 0.13
161. 0.17 0.11
1620 ' 0.20 0.13
163, 0.24 - 0.13
164, 0.25 0.14
165, 0.20 0.13
1660 ’ 0024' 0014
167. 0.20 0.14
168, 0.22 0.13
169, 0.22 0.13
170. 0.19 0.14
171, . 0.24 0.14
172, 0.19. 0.14
173. 0.20 0.14
174, 0.16 0.09
175. 0.19 0,13
176. 0.19 0.14
177. 0.22 0.11
1780 0¢22 ’ 0013
179. 0.24 0,14
180. 0.22 = 0.13
181. 0.24 0.14
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218,

0. Fundulus from South Newington (Continued)

Number of ‘ .
.Metacercariae Length - Width

0.09 = 0,25 Range of Size 0.06 = 0,19
0,20 Megp: . 0.13
£.034 Standerd Deviation 4,022
17%. Goeffloient of Variation 17%
# G111 Arch No. 4 N

©182. , | 0420

) | 0.14

183. ' : 0.24 0.16
184, : 0.20 0.14
185, | S 0.16 0.11
186, 0.17 0.09
187. 0.16 0.11.
188. : 0.22 0.14
189, S ‘ 0.19 0.11
1900 ' 0019 0.14
191, : 0,20 0.09
192. : 0.16 0.09
1930 N 0020“‘ 0.14
194, 0.19 0.1l1
195, 0.19 . 0.14
196, ' 0.20 0.13
197. . _ 0.24 0.11
198. 0.14 0.11
199. 0016 0009
200, o 0.16 0.09
201. ' 0.16 0.11
203, 0616 0.09
204, 0.20 0.16
205, _ 0.22 0.14
206. 0.25 0.13
207. 0.20 0.13
208. 0.13 0.09
2090 0016 0.13
210. 0.22 0.13
211. 0.22 0.13
212, 0.14 . 0.09
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219,

0. -Fundulus from South Newington (Continued)

Number of '

Metacercariae Length = . , - Width
214, 0.24. 0.14
216, 0.22 0.13
2170 . 0020 ’ 0013
218, - 0.17 - 0.11
219, . 0.22 ' 0.14
220, ‘ 0.20 - 0.13
221, : 0.22 ' 0.13
222, : 0.19 0.11
223. 0.20 0.11
224. ) ' 0024 0016
225. - ' 0,20 0.1l
226, ' ' 0.17 0.11
227, } 0,19 0.13
228, S : 0.17 0.13
229. . 0.22 0.14
2300 0020 0.14
231. - 0.17 0.13
232, 0.22 0.14
233. 0.13 0.11
234, o 0.20 0.14
235. : . 0.19 0.13
236, ' 0.19 0.09
237, : 0.20 0.14
238, .- 0.17 0,13
239. 0,20 0.13
240, 0.22 0.16
241, 0.17 0.14
242, 0.20 0.13
243, 0.17 0.13
244, , 0.16 0.08
245, ’ 0.20 0.14
246, 0.19 0.11
247, 0.19 0.1l
248, 0.22 0.11 .
249, - 0.19 0.11
250. 0.22 0.13
251, 0.17 0.09

0.13 = 0.25 Range of Size 0,08 = 0.16
0.19 - Mean | 0.12
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220

0. Fundulus from South Newington (Continued)

Nunmber of - .
Metacereariae ' : Length - | N Width

4£.026 Standard Deviation +.02
13.7% Coefficlent of Variation 16.6%
# G111 Arch No, 5 | |

252, 0.13
253, -
254,
255.
256,
257. -
258.
259,
260,
261,
262,
263,
264,
265,
266,
267.
268,
269,
270.
271.
272.
273.
274.
2754
276.
277,
278,
279.
280,
281,
282,

.
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0,14 « 0.24 Range of Size 0.08 - 0,16
0.19 ' Meen 0.2
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221,

0. Fundulus from South Newington (Continued)

Number of ‘ ‘ |
Metacercariae Length - Width

4,03 Stendard Deviation +£.02
15,84 Coefficient of Variation 16.6%

% Gill Arch No. 6

283, 0.19 0.14
284, 0.22 0.11
286, 0.20 0.13
287. 0.19 0.14
288, 0.20 0.14
289, 0.09 0.06
2900 0016 0.11
291, 0.16 0.11
292, 0.24 0.14
293. 0.14 0.09
294, 0.20 0.13
295. 0.20 0.14
296, 0.22 0.11
297, 0.19 0.13
298, 0.22 0.13
299. 0.19 0.13
. 300, 0.22 0.14
301, 0.20 0.14
302. 0,17 0.13
303, 0.24 0.14
304, 0.19 0.13
305, 0.17 0.11

0.09 = 0,24 Range of Size 0,06 « 0.14
0.19 Mean 0.12
£.033 Standard Deviation ;.oé
17.3% Coefficlient of Variation 17.3%
* G111 Arch Yo, 7
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- 222,

C. PFundulus from South Newington (Continued)

Number of ' .
. Metacercariae : Length , Width
306. 0.24 0.09
307. 0,22 0.16
308.,. 0.22 0.14
309. 0.20. 0.13
310. 0.22 0.14
31l. 0.19 , 0.13
312, 0.22 0.14
313. 0.24 0.22
314, 0.24 0.13
315. 0.16 0.13
316, 0.19 0.11
317. 0.17 0.11 .
318. 0.22 0.14
319. 0.20 0.13
320. y 0.16 0.1l
321. 0.20 0.14
322, 0.20 0.13
323, 0.19 0.13
324, 0.22 0.1l
325, 0.17 0.14
326, 0.20 0.13
327. 0.17 0.1l3
328, 0.24 - 0.14
329. 0.24 0.14
330, 0.20 0.13
331. 0.22 0.13
332, 0.16 0.11
333. 0.22 0.14
334, 0.24 0.13
335 [ ] 0 ® 16 0 Y 11

0,16 - 0,24 BRange of Size 0.09 = 0.22
0.20 " Mean 0.13
':.028 Stendard Deviation $.022
14%: Ooefficient of Variation 17%
# G111 Arch No. 8 | |
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223,

D. Fundulus from Hampton## (Continued)

Number of ,
Metacercariae Length Width
1, 0.09 .0.06
2, 0,08 .0.06
30 0 008 0 .06
4, 0.09 0.06
5e 0.06 , 0,06
6. 0.06 0.06
70 0006 0006

0;06 - 0‘.09 Range of Size 0.06 - ___
0.07 Mean 0,06
+.014 Standard Deviation ____
204 Ooefficlent of Variation ____
# G111 Arch No. 1 ’ | |

¢

8. 0.08 0.06
90 0006 : 0.06
10. 0.06 ' 0.06
11, 0.09 0.06
12, ' 0.06 0.06

13. 0,08 0.06

0.06 = 0.09 Renge of Size 0.06 - ____
0.07 . Mean 0.06
+.014 Standard Deviation
- 20% Goeffiolent of Variation ____
# G111 Arch No, 2
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D. Fundulus from Hampton (Continued)

Number of , B o
Metacercariae A Length _ Width .
' 14, 0.09 0.06
15. 0.09 0.06
16, 0.09 0.06
17. 0.09 0,06
18. 0.09 0,06
19, 0.09 '0.06
20. 0.09 0.06
21, 0.09 0.06
0009 P nmt— Range Of Size 0006 -'
0.09 Mean ' 0.06
—___ Standard Deviation __ _
. Coefficlient ofAVariatian .
#* Gill Arch No. 3
22, 0,08  0.06
23, . 0,08 0,06
24, R 0,09 0.06
25. ‘ 0.06 0.05
26. 0.06 0.05

0.06 - 0,09 Range of Size 0.05 - 0.06
0,07 | Mean 0.06
+.014 Standard Deviation ,0022
204 OCoefficient of Variation 3.7%
# G111 Avch No, 4 | |
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D. Fundulus from Hampton (Oontinued)

a25. .

Numbexr of _

Metacexrcariae ' Length Width
27. 0.08 0.06

28, . 0.06 0.05

29. , ' - 0,08 0.05

30. : ‘ 0.08 0.06

31, 0,08 0.06

32, : 0.08. 0,06

0;65 « 0,08 Range of Size' 0.05 - 0,06
0,08 Mean 0,06
£.0028 Standard Deviation £.002
| . 3.5% Ooefficlent of Variation 3.3%
# G111 Arch No. 5

330 0-06
4. 0.06
35 0.1l
36. 0.09
370 0009
38 0.1l
39. 0.09
40. 0008

0.08

41,

0.06 = 0,11 Range of Size 0,05 = 0,09
0.08 Mean 0.06
+.02 Standard Deviation +.014
25% Ooafficient of Variation 23%
# G111 Arch No. 6

OCOO0OO0D0DO0O0OO0O0

® O e & o o e e
COO0OQO00C0O0O
Ul O\ OVO Oy O GO\
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226,

D, Fundulus from Hampton (Continued)

Numbexr of -
Metacercariae Length ' Width
42, ) _ 0.08 0.05
440 : 0009 0.08
450 . 0008 0106
46, . - 0.06 0.06
0.06 « 0,09 Range of Size 0,05 = 0,08
0.07 Mean 0.06
 #.014 Standerd Deviation #.01
. 20% GCoefficlent of Variation 16%
# G111 Arch No. 7 |
47, | o 0.08 0.05
48, 0.08 0,05
49, 0.08 0.05
50, B 0.06 0.05
51. 0.08 : - 0.05
52, _ 0.06 0.05

0.06 - 0,08 ‘Rangg of Size 0,05 - ____
0.07 ‘ . Mean 0.05
+.01 Standard Deviatioﬁ |
14% Ooefficient of Variation
% G111 Arch o, 8 o . L

#% A1l metacercariae are those of Echinochssmus magnovatum.
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227.

APPENDIX III.

| MEASUREMENTS OF METACERCARIAE ON THE GILIS
OF EXPERIMENTAL TROPICAL FISH.

A. Red tuxedo platy (one day of development)

Number of -
Metacercariae Length Width
1. 0.06 0.06
2. 0008 . 0006
Se 0.08 0.06
4. 0.08 0.06
5e 0.06 0.05
. 0.06 0.05
Te 0.06 0.05
8. 0.08 0.06
- 9. 0.08 0.06
10. 0.06 0.05
11. 0.06 0.08
12, 0.08 0,06
13. - 0.08 0.05
14, 0.08 0.06
15. 0.08 - 0.06
16. 0.06 0.06
17. 0.08 0.06
18. 0.08 0.06

0.06 - 0,08 Range of Size 0.05 = 0,08
0.07  Mean 0.06
+.01 Standard Deviation 4.0022

14;3% Coefficient of Variation 3.7%

# Oral spines are brgsent
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228,

B, Red swordtall (three days of development)

Number of

Metacercariae . ~ - Length - Width
1. 0.08 0.05
2. 0.09 0.05
3. 0009 0006
4, 0.09 0.06
5 0.08 0.06
6. 0008 0005
Te 0.08 0.06
8. 0.08 0.05
9. 0.11 . 0.05
10, 0.11 0.06
11, 0.08 0.06
12, 0.08 0.05
13. 0.05 0.05
14, 0.05 0.03
15. , 0.08 0.06

0.05 = 0.11 Renge of Size 0.03 = 0.06
0,08 Mean 0.05
4.017 Standard Deviation +.01
21,2% Coefficient of Veriation 20%

# Eye spots are normal

0.  Red platy (16 days of development)

1. 0.17 0.1l
2. 0,16 0,08
30 0017 ' 0009
&, 0.16 0.11
56 0.17 0.09
6. 0.16 0.1l
Te 0.16 0.09
8. 0.16 0.11
9. 0.16 0.08
10. 0.14 0.09
11. 0.16 - 0.09
12, 0.16 0.09
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0. Red platy (16 days of development)

Number of

Metacercariae Length Width
13, - 0.16 0,09
1%, 0.17 0.11
15, , 0,17 0.09

0.14 - 0,17 Range of Size 0.08 - 0.11
0.16 Mean . 0.09
+.01 Standard Deviation #£.01
6.2% Ooefficient of Variation 11%

# Oral spines are present

!

D. Red swordtail (18 days of development)

1. 0.16 0.09
2. - 0.14 0.09
30 ) 0014 o 0009
4, 0.16 0.09
5 : 0.14 - 0.09
6. 0.14 0.08
7. 0.17 0.09
: 8. 0017 0.09
9. 0.16 0.08
10. 0.14 0.08
1l. 0.14 0.09
12, 0.16 0.09
13, 0.14 0.08
14, 0.16 0.09
15. 0.16 0.09

Ou1l4 = 0,17 Range of Size 0,08 = 0.09
0.15  Mean 0.09
.;i-_.Ol Standard Deviation +£.0017
6.6% Ooefficient of Variation 1.8%

# Eye spots are scattered/ Oral spines are present
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E. Green tuxedo swordtall (14 days of development)

Number of §
Metacercariae Length ' Width
l. ' 0016 0011
2. " 0616 0.09
o e _ 0.16 0.11
4, 0.14 0.09
5 , 0.11 0.11
6. 0.16 0.09
- Te 0.13 0.08
. 0.16 0.09
9. _ . 0,16 0.09
10. 0.14 0.08
1l. N 0.14 0.08
13, - 0.16 0.09
14, : . 0.16 0.09
1s5. ., : 0.16 0.09
16, 0.16 0.11
17. o 0.16 0.11
18. _ 0.14 0.09
19. 0.16 0.09
20. 0.16 0.09

0,11 - 0.16 Range of Size 0.06 - 0,11

0 .15 | Mean - 0.09
+.014 Standard --De\;f.'i.ation +.014

9.3% Ooefficient of Varlation 13.3%

’

3 Eye spots are scattered/ Oral spines are present

P, Green tuxedo swordtail (18 days of development)

2, . 0.16 | - 0,08
3. , 0.16 0.09
4, 0.14 0.09
5. 0.17 . 0.08
60 ) ‘ 0016 ' ' 0009
7. . 0.14 | | | 0,09

8. 0.16 . " . 0.08
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P, Green tuxedo swordtaii (18 days of development)

Nunbexr of

Metacercarise Length . Width
9. 0.09 0,06
10. 0.16 0.09

0.09 = 0.17 BRenge of Size 0,06 « 0,11
0.15 | Mean 0.09
£.,022 Stendard Deviation 4£.014
15% OCoefficient of Variation 13.3%

% Eye spots are soattered/ Oral spines are present

1

G, Green tuxedo swoi'd.tail (19 days of development)

1. - 0.3 “ -~ 0.09
2. . 0,16 0.11
Se . ' 0.13 0.09
4. . 0016 : 0.08
5e 0.13 0.08
6 0,16 0.09
Te 0.14 0.09
8. 0,16 0.09
9. 0.16 0.09
10. 0.14 0.09
11, 0.14 0.08
l2. 0.16 0.08
13. 0.14 0.09
14, 0.16 0.09
15. 0.14 0.09

0.13 = 0,16 Range of Size 0.08 = 0,11
0.15 Mean 0.09
_4_-_.014‘ Standard Deviation 4.0024
9.3¢ Oocefficlent of Variation 2.66%

# Eye spots are scattered/ Oral spines are present
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H. Green tuxedo swordtail (21 days of development)

Number of _
Metacercariae Length Width
1. 0.16 . 0.09
2. 0.16 0.09
3 : o 0.13 0.08
4, K 0.17 0.09
5. : 0.17 0.09
6. ' 0.17 0.09
Te 0.17 0.11
8. ' 0.17 0.09
9. : - 0.16 0.11
100 ' 0019 0.11
11. ' 0.17 0.11
12, 0.16 0.1l
13, 0.14 0.09
14, 0.16 0.09
0.11

5. 0.16

0.13 = 0.19 ﬁange of Size 0,08 = 0.11
0,16 . Mean © 0.10
£.014 Stendard Deviation +.01
8.7% Ooefficient of Variation 10%

% Eye spots are scattered/ Oral spines are present

I. Marble molly (21 days of dévelopment)

1. , 0.11 0.09
2, 0.16 0.09
S : 0.16 0.09

. 0.17 0.09
50 0016 0008

. 0.16 0.09
T 0.17 0.09
8. 0.17 0.09
90' 0011 0009
1lo. 0.16 0.08
11. 0.16 0.09
12, 0.16 0.09
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I. Marble molly (21 days of development)

Number of ‘ ]
Metacercariae Length | Width
13. 0.17 0.09
14, 0.16 0.09
15. 0,16 0.08

0.16 Mean 0.09

+.02 Standard Deviation +.0014

12.5% Ooefficlent of Variation 1.66%
% Eye spots are scattered/ Oral spines are present

J. Red swordtail (30 days of development)
1. ' ~0.16 ' 0.08
2. : - 0.14 0.09
e~ " 0.16 0.1l
4. . ’ 0008 0005
50 ' 0013 0.08
6. . 0.16 0.09
7. . 0016 0009
8. 0.14 0.1l1
9. 0.14 0.11
10, 0.16 0.08
11, 0.14 0.11
l2, . 0.16 0.09
13, 0.17 0.11
14, ' 0.16 0.09
15, , 0.14 0.11

0.08t- 0.17 Range of Size 0,05 = 0.11
0.15 Mean ~0.09
+.022° Standard Deviatlon £.017

1.4% Ooefficient of Variation 18.8%

# Eye spots are soattered

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



234,

K. Red swordtail (33 days of development)

Number of

Metacercariae Length Width
l. o : 0.14 - 0.09
2. 0.14 0.11
30 ’ 0016 0.09
4, 0.14 0.08
5. , 0.16 0.08
60 0013 - 0009
To 0.16 0.09
8. 0.16 0.09
9. 0.14 0.11
10, 0.14 0.09
11. 0.14 0.08
12, 0.16 0.09
13. 0.16 0.09
14, 0,14 0.08
15. ; 0.14 0.08

0.13 = 0.16 Range of Size 0.08 = 0.11

0.15 : Mean 0.09

~ £.01 Standard Deviation £.003
6.6% Goefficient of Variation 3.3%

# Eye spots ave socattered/ Oral spines are present
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L. Marble molly (30 days of development)

235.

Number of

Metacercarise . Length Width
1. 0.14 0.08
20 0013 0.08
30 0014 0009
. 0,16 0.08
5. 0.19 0.11
6. 0.14 0.09
70 0016 0.09
8. 0.1l 0.06
90 0016 0008
10. 0.14 0.08
11, 0.16 0.09
12, 0.16 0.09
13. 0.14 0.08
14, 0.16 0.09
15. 0.14 0008

" 0,11 = 0,19 Range of Size 0,06 = 0.11

0015 Mean 0008
+.,017 Standard Deviation .01
11.3% Ooefficient of Variation 12.5%

# Eye spots are écatte:ed/ Oral spines are present
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# not measured

- not dsveloped

MEASUREMENTS OF EXCYSTED METACERCARIAE (Ascocotyle (Phagicola) diminuta)
A. Ascocotyle (Phagicola) diminuta from the green
tuxedo swordtall weeks o evelopment)
“Number of worms
Characters - o :
1 2 3 N 5 6 7 8 9 10 11 12
 LENGTH . | | .
Body 0.7 0.10 0.11 0.10 0,13 0.12 0.13 0.13 0.13 0.12 0.12 »0.11
0. Sucker 0.02 0.02. 0,02 0,02 0.03 0.02 0.02 0,02 0,02 0.02 0.02 0.0
0. Cecum 0.04 o.04 0.03 0.03 0,03 0,03 0,03 0.03 0.03 0,03 0.03 0.0ﬁ
Pharynx 0.02 0,02 0.01 0.01 0.01 0.02 0.01 0.02 0,02 0,02 0.02 0.02
" Acetabulum 0.02 0,02 0.02 0.02 0,02 0,02 0,02 0.02 0,02 0,02 0,02 0,02
L. Testis - - - - - - - - - - - -
R. Testils - - - - - - - - - - - -
Ovary - - - - - - - - - - - -
WIDTH
Body : 0.06 0.07 0.07 0,07 0,06 0.07 0.08 0;06 0.07 0.07 0.07 0.05
0. Sucker 0.02 0.02 0,02 0,03 0.03 0.03 0.02 0.02 0.02 0,02 0,03 0,02
0. Cecum * 3 3% 3 3* % * - % 3 * % *
Pharynx 0.01 o0.01 0,01 0.02 0.01 0O.,01 0.01 o0.02 0.0 0,01 0,01 0,01
Acetabulum 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0,02 0.02 0,02
L. Testis - - - - - - - - - - - -
" R. Testils - - - - - - - - - - - -

*9te
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APPENDIX V,

ANALYSIS OF VARIANCE OF EXPERIMENTALLY ENCYSTED METACERCARIAE (Ascocotyle
(Phagicola) diminuta) FROM EXPERIMENTAL, SECOND INTERMEDIATE HOSTS.

A. Body length (1L to 20 days of development)

‘uolssiwiad noyum payqiyosd uononpoidas Jeyung Jaumo JybuAdoo ayy Jo uoissiwiad yum paonpoiday

Metacercariae . Metacercariae Metacercarias Metacercariae Metacercariae

from the Green from the Red from the Brick from the Green. from the Green
tuxedo swordtall platy red swordtail T. swordtail T. swordtail
(1 days dev.) (16 days dev.) (18 days dev.) (19 days dev.) (20 days dev.)

0.16 0.17 - 0.16 0.13 0.13

0.16 0.16 0.1l 0.16 0.13

0.16 0.17 0.1% _ 0.13 0.13

0.1h4 0.16 0.1 0.16 T0.1h

0.11 0.17 0.1 0.13 0.13

0.16 0.16 0.1L 0.16 0.16

0.13 0.16 0.17 ' 0.12 0.16

0.16 0.16 0.17 0.1l 0.13

0.16 0.16 0.16 0.16 0.1

0.1l 0.1l 0.1} . 0.1 0.1%

0.1 6.16 0.1% 0.12 0,1

0.1% 0.16 0.1 0.1 0.16

0.1 0.16 : 0.12 0.12 0.1%

0.16 0.17 0.1 0.1 0.1

0.16 0.17 0.16 0.1 0.13

2.2 2.3 2.28 . 2.1l
M: 0.15 0.16 0.15 0.15 0.1l

‘gee
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A. Body iength (14 to 20 days of development)

SOURCE OF VARIATION

DP ss MS P
Total 8.S. Th .0141 " _ _
Between 8.S5. L .0030 .0007 7.0000
Within S.S. 70 .0111 .0001
Standard Error SX = (000100 = -000006 = .02Ll
. —1i5
b1 R T Ty T e PR a b= o e 8

: (2) (3) (L) (5)
SSR: L0917 .0956 .0983 .1005
Expts. Xg Xy X, X, X,
Means: 0.14 0.15 0.15 0.15 - "0.16

~ Note: Any two means not underscored by the same line are significantly different.

Any two means underscored by the same line are not significantly different.

*6€2
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B. Body-width (14 to 20 days of development)

Metacercariae Metacercariae Metacercarlae "Metacercariae Metacercariae

from the Green from the Red from the Brick from the Green from the Green
tuxedo swordtail platy red swordtall Te swordtail T. swordtail
(14 days dev.) (16 days dev.) (18 days dev.) (19 days dev.) - (20 days dev.)

0.11 0.11 0.09 0.09 0.08

0.09 0.08 0.09 0.1l 0.08

0.11 0.09 0.09 0.09 0.08

0.09 0.11 0.09 0.08 0.08

0011 0.09 - 0009 ) 0-08 . 0008

¢.09 0.11 0.08 . 0.09 0.08

0.08 0.09 0,09 0.09 0.09

0.09 0.11 0.09 0.09 0.09

0.09 0.08 0.08 0.09 0.08

0.08 0,09 0.08 0.09 0.09

0.08 0.09 0.09 0.08 0.09

0.06 0.09 0.09 : 0.08 0.08

0.09 0.09 0.08 0.09 0.09

0.09 0.11 0.09 0.09 0.09

0.09 0,09 0.09 0.09 0.08

IC;; lOE; L ] l I.;; [}
M: 0.09 0.09 0.09 0.09 0.09

*ote
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B. Body width (1l to 20 days of development)

SOURCE OF VARIATION DF ss . Ms F
Total S.S. - 0 008l

Between S.S. L _ 0010 .0002 2.0000
Within 8.S, 70 .007Y .0001

Standard Error SX = J.000100 = y-000006 = .02Ll
: — 185

. (2) (3) ) C(8)
SSR: .0917 .0956. .0983 - .1005
Expts. X | Xp X K ' Xg
Means: 0.09 0.09 0.09 0.09 0.09

 Note: Any two means not underscored by the same line are significantly different.
Any two nmeans underscored by the same line are not sign cantly different.
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’

C. Body length (21 to 35 days of development)

Metacercariae Metacercarliae Metacercariae Metacercariae Metacercariae

from the Marble from the Green from the Red from the Red from the Marble
molly tuxedo swordtail swordtail . swordtail molly
(21 days dev.) (21 days dev.) (30 days dev.) (23 days dev.) (35 days dev.)
Xl XZ X3 X)_L XS
0.11 0.16 0.16 0.1l 0.1
0.16 0.16 0.12 0.1% 0.13
0.16 0.13 0.1 0.1 0.1%
0.17 0.17 0.08 0.1% 0.1
0.16 0.17 0.13 0.1 0.19
0.16 0.17 0.16 0.13 0.1%
0.17 0.17 0.16 0.16 0.1
0.17 0.17 0.1l 0.16 0.1l1
0.11 0.16 0.1% 0.1l 0.16
0.16 - 0.19 0.1 0.1hL 0.1%
0.16 0.17 0.1l 0.116; 0.1
" 0.16 0.16 0.16 0.1l 0.16
0.17 0.1% 0.17 0.16 0.1%
0.16 0.1 0.16 0.1 0.1
0.16 0.16 - 0.1l 0.1l 0.1
. ZCM . O . 1 .
M: 0.16 0.16 . 0.15 0.15 0.15

Al
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C. Body length (21 to 35 days of development)

SOURCE OF VARIATION DF ss MS F
Total S.S. 7h - .02410
Between S.S. in .0028 .0007 2.3333
Within S.S. 70 .0212 .0003
Standard Error SX = J=0003 = y.00002 = .013
_ 12 _
*-‘t- R R IR T Tt =
Ps (2) . (3) () (
SSR: , L1966 . 5187 .5330 5421
Expts. X4 S N Xg X, X5
Means: 0.15 ' 0.15 . 0.15 0.16 0.16

Note: Any two means not underscored by the same line are significantly different.

Any two means underscored by the same line are not significantly different.

e



D. Body width (21 to 35 days of development)

‘uolssiwiad Inoyym payqiyosd uononpoidas soyung “Jaumo ybuAdoo sy Jo uoissiwiad yum paonpoiday

SOURCE OF VARIATION DF ss MS F
Total S.S. h .010l |
Between S.S. : L .0013 .0003 3.0000
Within S.S. 70  .0091 .0001
Standard Error SX = J0.000100 = /-000006 = .02kl

—1i5

F S I R S

P: (2) (3) (L) (5)
SSR: .0917 .0956 .0983 .1005
Expts. Xy X4 ' X, Xg X
- Means: 0,09 0.09 0.09 0.09 0.10

Note: Any two means not underscored by the same line are gignificantly different.

Any two means underscored by the same line are not significantly different.
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D. Body width (21 to 35 days of development)

Metacercariae Metacercarias Metacercarlae Metacercariae Metacercarise

from- the Marble from the Green from the Red from the Red from the Marble
molly . tuxedo swordtail swordtail _ swordtall molly
(21 days dev.) (21 days dev.) (30 days dev.) (23 days dev.) (35 days dev.)
X3 X2 Xq X, Xg
0.09 0.09 0.08 0.09 0.08
0.09 0.09 0.09 - 0.11 0.08
0.09 0.08 0.1l1 0.09 0.09
0.09 0.09 0.05. 0.08 0.08
0.08 0.09 0.08 0.08 0.1l1
0.09 0.09 0.09 0.09 0.09
0.09 0,11 0.09 0.09 0,09
0.09 0.09 0.11 0.09 0.06
0.09 0.1l1 0.1l1 0.11 _ 0.08
0.08 0.1} 0.08 0.09 - 0.08
0.09 0.1l1 0.11 0.08 0.09
0.09 0.1l 0.09 0.09 0.09
0.09 0,09 0.1l1 0.09 0.08
0009 0009 0009 0.08 0.09
0.08 0.11 0.11 0.08 0.08
L] - [ ‘- m TO;E I.éi
M: 0.09 0.10 0.09 0.09 0.09
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APPENDIX VI,

*

MEASUREMENTS OF Ascocotyle COMPLEX SPECIES FROM FINAL HOST ANIMALS (EXPERIMENTAL) .

Ascocotyle (Phagicolé) diminuta from the chick

(I days of development)

A.

e

Number of worms

Characters

11 12

10

LENGTH
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R R
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Body
Sucker
Cecum

Pharynx

Acetabulum
Testls
Testis

Ovary

0.
0.
L.
R.

WIDTH

246.
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Ovary
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Ascocotyle (Phagicoig) diﬁinuta from the chick
(S days of development)

B.

Number of worms

12

11

Gharacters

10

LENGTH

.22 0.21 0.31 0.20 0.21 0.2

Body

.02 0,02 0,03

5 0
.05 0.06 0.08 0.05 0.05 0.06

6.03 0.03 0.04 0.02 0.03 0.04

0.02 0.03

0.02 0.03 0.03 0.02
0.0} 0.05 0.06 0.05 0,05 0.06

.03 0,02 0.0
0.0, 0.04 0.05 0.05 0.05 0.05

0
0
0

5

"N
R

.
00000000

oMM NINM
MNOo O o'go (oN o)

e ®© o o o o o o
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Experimental Ascocotyle (Phagicola) diminuta from thé rat
(2 to 3 days of development)
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Ascocotyle tenuicollis from the chick
(3 days of development) «
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APPENDIX VII.

MEASUREMENTS OF Echinochasmus magnovatum FROM FINAL HOST ANIMALS (EXPERIMENTAL).

Echinochasmus

ovatum from the chick

evelopment)

A.

e

(4 days o

Number of worms

Characters

12

11

10

LENGTH

O s * I g 6 67
<00 O ool o)

Oomooooooo

8”1&4&6888
6010000000

0000000000

O~ O NGO
VOO 000000

0000000000

OO © YO~
~O0O0 ©O OO0O0O

00&0000000

VWO @ VOO
~O - 0 000

0000000000

O~ Q0D
~0O e~ 000000

0000000000

8606706226A
7010010110

0000000000

. 0&82&787
6%10000000

0000000000

O D NO.FOO DO
6000000000

® o @& o O

0000000000

=S~ongs 0O
70000 0010

0000000000

DOV~ &= A0~
NO ™~ 0 0000

0000000000

M~MNOO N~ JOO0®
NOo - 0 0010

0000000000

o
r.m n wo o
61*m S e S B
L u“.m.a L P oA
o0 o non3
SoS S PhooO
P24 QM RSB
T 00 dOC
O s O MNP o o o
MOLAHMAMROTAD

250.

(A0 D=0 O HO O

100001 01
000000000

el o B o N g TP P o)

OO0 HAOA

E * o ¢ o L L ] L ] L 3
000000000

.278768163

200000101

boooooooo

"D\ OO =0 (O M

HOOOOHHOM

e ¢ ® e o ¢ o o o
000000000

AN TG00 O ~ 1N
200001101

000000000
DO FO0 N 10N
201001101

.000000000

O FDOOV O OV~

HOOOOMHAO
e o 0 0 0 0 0 0 ®
000000000

9u1668573
201000101.

000000000

QA OO D= QIO LN
200001101

e & o o o e o o

000000000
N0 N O N
201001101
000000000

V4O oI
201 01101

000000000

WO OV OV WNMNNO N
NOHOOHAAOMA

e ® o © & * o o o
Yo XoloYoXoRoNoloN

Body

0. Sucker
Acetabulum
Pharynx
Ovary

A. Testils
P. Testis
C. Pouch
Collar

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Echinochagmus magnovatum from the mouse
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(6 days of development)
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APPENDIX VIII.

COEFFICIENT OF DIFFERENCE BETWEEN POPULATIONS OF Ascocotyle COMPLEX SPECIES
FROM FINAL HOST ANIMALS (EXPERIMENTAL) .

Comparison Worms ’ Coefficient of difference
Animals Parasite 1 Parasite 2 Length ' Width

I Chick A. diminuta : 2.27 0.67
Mouse A. diminuta

II  Chick A. diminuta ' 2.66 1.25
Mouse . A. diminuta :

ITI Chick A, diminuta 0.73 0.95
Chick A. tenuicollils

IV  Mouse A. diminuta : - 1.36 0.83
Rat A. diminuta

' Mouse A. diminuta . 3.59 . 0.48
Chick A. tenuicollis :

VI Chick A. tenuicollis 3.6 0.33
Rat . ] A. diminuta

T
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APPENDIX IX.,

COEFFICIENT OF DIFFERENCE BETWEEN POPULATIONS OF Echinochasmus magnovatum

FROM FINAL HOST ANIMALS (EXPERIMENTAL).

Coefficient of diﬁ‘erence

Comparison ) - Worms ‘ :
Animals " Parasite 1 Parasite 2 Length - - Width

I ‘Chick E. magnovatum ' : 2.93 1.32
Mousse. _ E. magnovatum .

II Chick E. magnovatum . o 1.00 1.39
Mouse : - E. magnovatum

III Chick E. magnovatum , | 2.73 3.38
Mouse - E. magnovatum '

IV  Mouse , E. magnovatum . . 2.58 .35
Mouse : E. magnovatum

v Mouse E. magnovatum : ‘ 5.33 7.55
Mouse E. magnovatum A

T VI Mouse E, magnovatum : .87 3.h41
Mouse E. magnovatum

*652
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APPENDIX X.

PERCENTAGE OF NONOVERLAP OF PARTIALLY OVERLAPPING CURVES
ASSOCIATED WITH STATED VALUES OF THE COEFFICIENT OF DIFFERENCE (C.D.).
(After Mayr, Linsley, and Usinger, 1953)

) Joint nonoverlap,
Values

¢.D., per cent
Below the level of conventional subsgpecific 0.675 75
distinctness ’ 0.8 80
. 0.915 82
0.995 8l
1.04 85

1.08

1.13 87
1.175 88
i - ] 1.23 89
Conventional level of subspecific diiference 1,20 90
Above the level of conventional subspecific 1.34 91
difference A : 1.)05 92
: ~1.48 93
1.555 ol
1.645 95
1.75 96

‘952
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APPENDIX XI

Piates

L
Notéz All drawings were made with the ald

of camers luoida unless stated
otherwise,
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PIATE 1

days of development). Experimentally
obtalned by feeding the gllls of wild

Fundulus hetergelitus to a day-old chick,

Figure 1, Ascocotyle (Phagicols) diminuta (four

Figure 2. A, (P,) diminuta (five days of
development), Experimentally obtained
by feeding the gills of wild Fundulus
heteroclitus to a white mouse,

\

Figure 3. A, (P,) diminuta (three days of
development)., Experimentally obtained by
. feeding the gills of experimentally
infected green’ tuxedo swordtails to a
day=-01ld chick,
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PLATE 2

Figure 1. Ascocotyle (Phagicola) diminuta (four
days of development). Experimentally
obtained by feeding the gills of wild
Fupdulus heteroolitus to a day=-old ohick,

Tigure 2. A, (B,) diminuta (four days of
) devei's'pmenti. Experimentally obtained
by feeding the gills of experimentally

infected green tuxedo swordtalls to a
day-0ld ohick, -

Figure 3, A, (P,) diminuta (four days of |
development)., Experimentally obtained
by feeding the gills of wild F,
heteroclitus to a white mouse,

Figure 4, A, (P,) diminuta (three days of
: development). Experimentally obtained
by feeding the gills of experimentally
infected brick red swordtalils and green
tuxedo swordtalils to a white rat,
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PLATE 3

Figure 1. Ascocotyle (Phagicola) diminuta (four days
of development). Experimentally obtained
by feeding the gills of experimentally
infected green tuxedo swordtalls to a
day~-old chick.,

Figure 2, A, (P,) diminuta (five days of
aéVeigbment). Experimentally obtained
by feeding the gllls of naturally infeoted

wild Fundulus heteroclitus to a white
mouse,

Figure 3. A, (P,) diminuta (three days of
E$¥elopment$. Experimentally obtalned
by feeding the gillls of experimentally
infected brick red swordtalls and green
tuxedo swordtalls to a white rat.

Figure 4, A, (P,) diminuta; experimentally excysted
metacercaria (three weeks of development).
From experimentally infected green tuxedo
swordtalls, .

Figure S. _4_,, (P,) diminuta; experimentally excysted
metacercaria (number of days of development
not known). From naturally infected wild

2, heteroclitus.

Figure 6. A, (2,) diminuta (four days of
development). perimentally obtained
by feeding the gills of naturally infected

‘'wild .¥, heteroclitus to a day-old chick.
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PIATE 4

Figures 1-4 Ascocotyle (Phagiéola) diminuta (two days
- of development). Experimentally obtalned
by feeding the gills of experimentally
infected brick red swordtails and green
tuxedo swordtails to a white rat.

Figures 5-7 A, (P,) diminuta metacercariae (three
weeks of development). Experimentally
exocysted after three weeks of development
on the gllls of green tuxedo swordtalls,

Figure 8 A, (B,) diminuta metacercaria (number of
, days of development not kmown). From

“the gills of wild Fundulus heteroecljtus.
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PLATE U

0;1 mm.
0.1 mm.
0.1 mm.

0.1 mm.
0.1 mm.
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PLATE 5

8 1«3 Oercaria of Ascocotyle (Phagicols)
l'lgure 3 diminuta drawn at different positions

and states of contraction, From -

Hydrobla salsg Pilsbry.

| 4 Redla of A, (P,) diminuta, From
Feure Hydrobis Sslss Pilebry.

Figure 5 Oercaria of A, (P,) diminuta showing
flame cell pattem.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 5

0.1 mm.
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PLATE 6

Figure 1. Asgocotyle tenuicollis (three days of
development, Experimentally obtalned
by feeding the hearts of wild Fundulus
-heteroglitus to a day-old chick.

Figure 2. Gotype specimen No., 38161 of Ascocotyle
leighl Burton, 1956 (three days of
development). Experimentally obtained
by feeding hearts of wild Molllenisisa

latipinna LeSueur (from southern
Florida) to a day-old chick.

Plgure 3,  Same specles as in figure 1., but drawmn
to show different views of the oral
coronet of spines,

Pigures 4-6 Ascocotyle tenulcollis, Drawn to show
' different views of the prolonged
triangular dorsal lip;/ oral coronet
of spines; and oral appendages.
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0.1 mm.

0.1 mm.

0.1 mm,
0.1 mm,

0.1 mm,
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PIATE 7

Figure 1. Echinochasmus magnovatum (18 days of
development), Experimentally obtained

by feeding the gills of wild Fundulus
heteroclitus to a white mouse, Drawing
made with the aid of a miocroprojector.

r?“:}‘
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PLATE 8

Figure 1, Echinochasmus magnovatum (30 days of
, development), EBxperimentally obtained

by feeding the gills of wild Fundulus
heteroclitus to a white mouse.

Figure 2. E, magnovatum (five days of development),
. Experimentally obtained by feeding the

gills of wild F, heteroclitus to a
day~-old chioks.

?1gure 3, E, magnovatum (four days of development),
“* Erporimentslly obtained by feeding the -
gills of wild F, heteroclitus to a
day=-0ld chick,

Figure 4. E. magnovatum (six days of development).
Experimentally obtalned by feeding the

gills of wild F, heteroclitus to a

white nouse.

‘Pgure 5., Dorsal view of E, magnovatum (18 days of
development), Experimentally obtained by

feeding the gllls of F, heteroclitus to
& white mouse,
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Figure 1.

Figure 2,

Figure 3,

Pigure 4,

Figure 5.

Pigure 6,

PLATE 9

Echinochasmus magnovatum (four days of
development)., Experimentally obtained
by feeding the gills of wild Fundulus
heteroclitus to a day-old chick.

gﬁ!maggovatum (five days of development).
Experimentally obtained by feedlng the

gills of wild P, heteroclitus to a
day=-o0ld chick,

E, magnovatum (six days of development),
Experimentally obtained by feeding the

- g1lls of wild F, heteroclitus to a

white mouse.

E, magnovatum, ventral view (18 days of
development). Experimentally obtained
by feeding the gills of wild F,
heteroclltus to a whlte mouse,

B, magnovatum, dorsal view (18 days of
.;._JQL___.T.
development .' Experimentally obtalned

by feedlng the gllls of wild F,
heteroclitus to a white mouse,

E, magnovatum (18 days of development).
ﬁ?berimenta y obtained by feeding the

gllls of wild F, heteroclitus to a
vwhite rat.
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PLATE 10

Figure 1. Type specimen No., 36724 of Echinochasmus
donaldsoni Beaver, 1941 (seven days of
development), BExperimentally obtained

. by feeding the gills of stlcklebacks and
perch to a pigeon. Drawing made with the
ald of a mloroprojector.

Figure 2. Echinochasmus magnovatum (five days of
development). Experimentally obtained

by feeding the gills of wlld Fundulus
heteroclitus to a day=-old chick. '

Figure 3. E, magnoyatum (four days of development).
Eiberimentally obteined by feeding the

gills of wild ¥, heteroclitus to a
day-0ld chick. |
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PLATE 11

Figure 1. Type specimen No. 36724 of Echinochasmus

donaldsoni Beaver, 1941 (seven days of
development)., Experimentally obtained
by feeding the gills of perch and
sticklebacks to a plgeon., Drawing made
with the ald of a microprojector.

Figure 2, Echinochasmus mgggbzatum (30 days of
- development), Experimentally obtained
by feeding the gills of wild Fundulus

heteroclitus to a whlte mouse. :

Figure 3. . Type specimen No. 29754 of Echinochasmus.
schwartzi Price, 1931 (days of development
not known)., From muskrats (Ondatra
zlbethicg) of Maryland and Distriet of
Columbia. Drawing made with the ald of
& mioroprojector,
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PLATE 12

~Figure 1. Field location at Johnson Oreek 1is
marked by a black eclrcle.
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PLATE 13

Pigure 1, Fleld location at South Newington is
marked by a black circle.
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PL‘TE 14

Figuﬁe 1., Field location at Hampton 1s marked
. "by & black circle.
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