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INTRODUCTION.

Since the discovery of sporocysts and

rediae by Steenstrup in 1842, the study of the life
histories of differént Trematodes has received much
attention by investigators, for instance Wagener in
1857, Leuckart in 1882, Thomas in 1883, Heckert in
1889, Creutzberg in 1890 and Looss in recent times.

It was from the observations of these workers that

the 1life cycle of Tremetodes was put on a2 firm basis.i

But no real importance was attached to the study of

'miracidia, sporocysts, rediacand cercarise until af-

| Particulaxr/

ter the classical work of Thomas in 1883, which re-

sulted in a thorough explanation of the life history

. of the liver fluke and its transmission from sheep to|

sheep.

Since 1883 numerous investigations have
been carried out from the economical and medical
point of view, snd the bulk of the contributions to
the knowledge of cercariae consists of the results é
of observations and experiments on the cercarise of
the Trematodes infecting man and the domestic animals,

|
|
!
I
|
|

|




A.

 Particular attention was paid to
'mediate hosts and the conditions

capable of causing the infection

hosts.

A serious study of the

| cariae was long neglected and in

the different inter-
under which they are |

of the definiteve

organisation of cer-

spite of the numer-

| ous cercariae described by many investigators, it is

impossible to identify many of the species correctly.

It was only after the study of the cercariae of the

Schistosomidae infecting man that the study of the

'morphology and histology of other cercariae was ade-

| quately undertaken, and authors began to attach impor-

tance to features of the internal organisation, which |

:may throw light on the structure

of the adult. The

systems which have been carefully studied are the ali-

\mentary tract, the excretory and genital systems, and |
l .

|specific differences were observed even among cer-

‘carise closely resembling one snother, Certain

'glands in the body have also been observed, and have

proved in many cases to play an important part in the_

process of infection of the definitive host.

If the external and internal structures of



into two sets.

! (4) Those structures such as the suckers,
the alimentary tract, the excretory
system, the genital system, and some |
parenchymatous cells which form the
basis or are the ministures of the
corresponding adult structures.

I (B) Those structures such as tails, spines,
processes, stylets, eye spots, sali-
vary glands, cystogenous cells and
parenchymatous cells,which are purely
larval structures and are not carried
over to the adult. The structures |
belonging to the former group are re-
latively well known but in the case |

of the larval structures there is i

much yet to be explained. |

. What aré termed sglivary glands may have the
' same structure but different functions in different
‘cases. The cystogenous cells are distinguishable
 from parenchymatous cells by possessing larger nuclei;
|

| poor in chromatin, and cytoplasm which may contain ob-

!vious granules or may be faintly granular, but their

ifunction is not always ﬁemonstrabie. Lastly the
fparenchymatous cells are indistinguishable from other
| cells such as those surrounding the nerve ganglia,
those under the cuticle, which have received the

!name of cuticular cells and from cells which are des- |
ftined to give rise to other structures such as vitel-
iline glands. Looss emphasized the fact that these

cells/
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cells are at first indistinguishable cytologically
' and maintained that many of these mesodermal cells
' remain #ndifferentiated for a considerable time.
| There is also reason to believe that some cells in
gthe parenchyma form the basis of other sgtructures
such as the excretory system, for the collecting
'ducts are not bounded by cellular walls, but are
merely lumina among certain cells. Certain other
parenchymatous cells both in the body and in the i
 tall of some cercariae are more vacublated and dis-
' tended and their function appears to be that of

buoyancy.

SOURCE AlID DISCUSSION OF CERCARIAE.

This paper is an attempt to describe the
cercariae infecting the genus Limnaea and particularly

5Limnaea_peregra and Limnaea auricularia in three lo-

Ecalities in Scotland. The work was begun during a
Esurvey of the fresh water molluscs of Lochs Lubnaig
Eand Vennacher, While Dr. Annandale was collecting
%Limnaeas from these two lochs an opportunity was af-
%forded me of making a careful study of the cercariae |

infecting Limnaea peregras during the summer month of

July. In August Dr. Annandale visited the Inner Heb- |
rides and especially the islands of Ulva and lull,and |

kindly/
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kindly sent me some specimens of Limnaea peregra and

Timnses truncatula. During the same month I collected |

Limnaea stagnalis and Limnsea auricularia from Duﬁﬂiné—
ston Loch near Edinburgh.

An examination revealed the fact that Lim-

naea peregra from Lochs Lubnaig and Vennacher was ;
heavily infected with two species of cercariae, a
furcocercous form and a xiphidiocercaria. The speci-

‘mens of Limnaea peregra from Ulva and lull were in-

fected with two species of xiphidiocercaria, while

none of the specimens of Limnsea truncatulas were in-

fected in spite of the fact that Ulva sheep are some-

' times infected with Fasciola hepatica. Only the Lim-

‘naea auricularia was infected from the Duddingston

Loch.

Of the five species of cercariae described

?in this paper, two species were found to infect the
Limmaeas under fluviatile conditions and three 3pecie$
under lacustrine conditions., The different environ- |

\mental conditions to which Limnaea peregra is submit- |

|
| ted render it specific for different species of cer-
|
cariae, the adults of which are parasitic in defini-

‘tive hosts more or less restricted to such regions.

A/
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A local modification of the Limnaes is also & result

'of such conditions but infection with cercariae in

‘this case seems to depend not so much upon the varia-

tion of the Limneea as upon the local conditions to
which it is adapted. 1In Loch Lubnaig two forms of

Limnaea peregra are found, & large infected form in-

‘habiting the bays and still pools along the shore
Eline and a small uninfected form more common in run-
ning water, especially where the River Leny flows out
;off the loch and in small streams flowing into the
gloeh.

| According to Dr. Annandale three different

iforms of Limnaea peregra are found in the streams of

@he Ross of Ifull and Ulva. In the little Tarn Loch
?ot I.ag it ig called on the Ross of Iiull the small

éhort spired phase sometimes called Gulnaria lacustris

becurs in abundances A second form with lsrger and
%roader shells than lacustris is also found on IMull.
ﬁn the hill streams of Ulva the third form is found,
%hich resembles lacustris but is smaller with a nar-

?ower body whorl and with & more eﬁ%rted spire. All

bf these forms were infected with the Xiphidiocercaria

B/
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'B to be described. The other xiphidiocercaria was
enly observed once in the same collection, but its
cysts were present on the shells of all the forms,

Limnaea peregra was not found in Duddingston Loch and

Limnaea auricularia was not common, only five speci-

mens of the latter having been obtained of which one

was infected with the furcocercaria to be described,
The Limnaeas sent by Dr. Annandale from the

islands were collected in pools and bodies of still

water along the streams. A pool or a body of still

' water appears to be favourable to miracidia and cer-

| cariae and unless this condition is present the Lim-~

inaeasif present are not infected. ILimnaea peregra

icollected in a swiftly flowing stream in the South of |

| France during October showed no infection, but in a
'hill stream containing many pools of still water with
|

' numerous Limnaeas the infection with Cercaria gibba

Fil, was heavy.
An interesting point is the fact that the

| small forms of Limnaea peregra collected in hill

éstreams flowing into Loch Iubnaig were found uninfec- |

'ted in spite of their presence in pools, while those
| from the hill streams of Ulva and Iull were compara-

tively{




comparatively heavily infected. If the definitive
host and its distribution were known this isolation
of cercariae could be explained, for there is no
doubt that the infection of the same mollusc:iin dif-
ferent places with different species of cercariae
could be explained on the grounds of the distribu-~
tion of the respective definitive hosts. Thus the

Limnaea peregra in the South of France, which is in-

fected with Cercaria gibba is also under fluviatile

cond itions, but the definitive host of the cercaria
is probably confined to the southern parts of Europe,
for this species of cercaria has only been reported
from that region.

The specificity of molluscan hosts for a
definite species of cercaria has at least in some
cases been disproved by the discovery of different
gastropod hosts in widely different geographical

regions for the liver fluke Fagciola hepatica and

some human flukes, There is reason to believe that

different species of molluses. may become adapted to |

the parasitism of the same cercaria, when the real
host is absent. These facts point &0 the conclusion

that the distribution of cercariae depends largely

upon/ .
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upon the geographical distribution of their defini-
tive hosgts. i

Another point to be taken into considera- |
tion is the relation of infection to the temperature|
and the season. In the description of the two cer-
cariae from Loch Lubnaig the fact is mentioned that

the furcocercous form is common in July, but its

liberation declines in August, and as the investi-
gations were carried out during July and August only
those cercariae prevalent during these two months
have been studied. There is no definite reason to |

assume that other species of cercariae are liberated

during other months of the year, but the apparent
absence of infection during a month in Spring or

Autumn doeg not prove that a certain gastropod is
not a host. OSome land snails from Southern France
examined in October were infected with sporocysts
containing undifferentiated embryos and there were

no signs by which the future organism could be re-

cognigsed. In this case the development of the cer-

cariae is probably completed in the winter or de-

layed till the Spring of the following year.

METHOD/



i livers of infected Limnaeas were also teased out in

| ag well as pieces of the liver were fixed in corro-

{ and the other with two femsles and a male, The

10.

METHOD OF STUDY.

The infected Limnaeas in all cases were :
kept in aquaria and the study was carried out on freé

swimming and living cercarize where possible. The
order to examine the sporocysts. Liberated cercariae

sive acetic and preserved in alcohol, The genital
system and alimentary tract, especially the former
were studied in stained whole mounts or in sections.

The nematode and the encysted larvae were

obdained from the minnow Leuciscus phoxinus Linn.

About fifty minnows were caught in Loch Lubnaig snd |

examined. Only two specimens were found to be in-

fected with the nematode, one with a single female

worms were found in the mucus of the posterior part
of the intestine. The material was preserved in for-
malin (one part of a 40% solution in 19 parts of
water). The encysted larvae were found in the in-
testinal wall of one minnow and were preserved in al—'

c¢ohol.

In/
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In connection with this paper my thanks
are due to Prof. J.H. Ashworth without whose kind
interest and advice the work would not have been
carried through; and to Dr., N. Annandale for the
kind assistance he gave me in procuring the material;

for the sgcientific names of the molluscs and the

i
fish, and@ for general observations in connection

with the distribution of Limnaeca peregra in the

localities cited.




DESdRIPTION of FURCOCERCARIA. A. and °
XIPHIDIOCERCARIA. B. from LIMNAEA PEREGRA MﬂL
from LOCHS LUBNAIG and
VENNACHER.
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FURCOCERCOUS CERCARIA A.

From Sporocysts in liver of Limnaea peregra var bur-—
netti (MULLER) from Lochs LUBNAIG and VENNACHER.

THE SPOROCYSTS.

The sporocysts are long worm—like struc-
tures, and in all the Limnaeas examined, they were
80 numerous and involved, that it was difficult to
gseparate them or to obtain an undamaged one. They
arise in or near the ovo-testis, and as development
proceeds they extend into the liver and finally de-
gtroy the entire organ.

The individual sporocyst presents to the

' naked eye the appearance of a piece of thin cotton,

It may reach a length of 1 cm. with a maximum thick-
ness of .,15mm. The entire sporocyst is active, its
pointed anterior end especially so as it continually
oscillates from side to side, The sporocyst is
usually uniform in diameter, but in some cases has
become constricted at certain points and resembles a
string of sausages. The constrictions are probably

due either to points of maximum resistance of the
liver/
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liver tigsue, or to incipient transvergse divigion
of the sporocyst.

The gporocyst is white, gsometimes slight-—
ly tinged with yellow or brown; the extreme ante-
rior end is yellow., It is closed at its posterior f
end, but about .lmm. from the anterior end (Fig.l,BP
ig a definite vbirth-pore. About .08 mm. from the
anterior end is a ridge, which is not a constant
character, but is subject to variation, according tg
the gtate of contraction. |

Externally the sporocyst is covered with
flat epithelial cells (Fig.2,E.C.), the spaces be= i
tween which are filled with a granular material. |

In some parts of the external layer cell
outlines are not visible. Internal to the epitheli-
al layer is a muscular layer, below which is a 1ayef
of cells, from which the cercariae arise (Fig.l,cg&.
Fig.lo,g?). Anterior to the birth pore, the sporo-
eyst is completely filled with a mass of cells, and:
this region marks the locality of primary cell-pro-
liferation (Fig.l,g?). Behind the birth pore the
sporocyst exhibits a cavity bounded by a thin cuti-
cular membrane. The cercariae arise from germinal

elements, and as the cells increase in number, each |

group/
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group or cluster becomes congtricted off from the
internal lining to which, however, it remains at-
tached by a thin homogeneous non-cellular gtrand.

In some instances similar strands connect adjacent
embryos (Fig.10,S.). These strands provably re-
strain the movements of developing individuals to

a certain extent. More anteriorly, that ig towards
the birth pore, the cercariae are mature and free,
but in the rest of the cavity they occur in all
gtages of development. The wall of the gporocyst
exhibits perigtaltic movements and ihecontained cér-;
carlae of various ages - the younger ones still con—'
nected to the wall - are kept in movement. Every
movement bfings a mature cercaria nearer to the
birth pore. All the cercariae are, however, not
directed forwards; some are directed backwards and
move over and under other individuals. Ordinarily
they are passed out regularly at the birth pore,

but rupture of the wall may occur when the sporo-

cyst is overcrowded with mature cercariae.
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THE CERCARIA (FIG. 3. & 4.).

The cercaria which is translucent is fur-
cocercous, having a slender body and a stout tail
with two lanceolate forks. The shape of the body
ig variable, depending upon the gstate of contracs
tion. The oral region 1s very contractile, and the
walls of the buccal cavity are protrusible.

The body 1s concave ventrally and convex
dorsally. The tail is ingerted terminally, in a
small pocket, the marging of which are slightly over#
hung by the posterior margin of the body. !

The anterior end of the body is covered |
with transverse rows of minute recurved spines. Thei
extreme anterior rows are clogse together and enter |
the buccal cavity. Posteriorly the rows become rur—g
ther apart and soon disappear on the dorsal surface,:
but scattered spines are present on the ventral sur-
face, ag far back ag the ventral sucker. The remain-
der of the body is smooth, and bears no processes
except laterally on each side, and .0lmm. from the
posterior end, two backwardly directed bristles.

There are fwo suckers, a powerful oral

sucker surrounding the mouth, and a ventral sucker

(F1es./
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(FIGS. 4 & 5), bearing three rows of spines. The
first row situvated on the rim, consists of long
gpines, each with a stouter bagsal part, embedded in
the muscles, and a needle-like distal part about |
.008mm.'1ong, fixed at an angle with the basal partﬂ
The spines are movable, and their orientation depenis
upon the state of retraction or extrusion of the
sucker. The splines.of the second row are blunt and!
knob-like, and alternate more or less with the basai
elements of the first row. Deeper down in the cavity
of the sucker is a third series, but thege are mereg
tubercles. |
The tail (FIG.7) is thick and powerful,
and trangversely striated. It bears stiff naifs, '
reaching a length of .013-.02 mm., but these are
few and far apart. The two forks of the tail are
about as long or rather longer than the basal part,
and are flattened from side to side. No hairs could
be seen on the forks, but the dorsal and ventral
edges, especially posteriorly, have a serrated ap-

pearance (FIGS. 7 & 8).

MEASUREMENTS/



1D

HMEASURENENTS of LIVING CERCARIAL.

(The figures in brackets which follow, are the cor-
responding messurements from specimens fixed in sub-

limate acebic and examined in slcohol).

Length of body ol4-,16mm. (.12-.15mm0.)

Breadth of body
anteriorly «025mme (+02um. )

Breadth of body
posteriorly +04mm. (.025-404mm)

Breadth of hody in
middle region
(maximumn) «05ams: (o« 04=o 051, )

Thickuness of body
in the region of
the ventral sucker
about « 043mm. («035mm. )

Thickness of body
in posterior

region «083mm,. .(,O23mm.,, )
Length of tail e 19~ 21, (o1l6mM—ol9mme)
Length of fork 2=« 221, (o 170, ~ o 21ame )
Jreadth of tail « 03=+035mme (+03mm. )

Breadth of fork
at base. «015-,019mm,. (« 012=+.0141m10,. )

Length of ovate orvzl
sucker about «Obmm.. (.04-.05mi. )

Maximum breadth of
oral sucker sbout «025mm. (.025mm. )

Digumeter of ventral
sucker (uncontracted) «03mm. (.« 03y, )

Dismeter of ventral
sucker(contracted) «018-.024mm. ( + 02, )

The anterior margin of the ventral sucker is about
«084-,09mm (+06~.08 mm.) from the anterior end.



INTERNAL ORGANISATION.

ALIVENTARY TRACT (FIG. 4.)

The mouth is gsituated terminally and the
neighvouring wall of the buccal cavity is introver-
tible. The dilated posterior part of this cavity,
still surrounded by the oral sucker, leads into the
tubular oesophagus, which bifurcates 1mmediaté1y
anterior to the ventral sucker. Each fork can be
seen ag a string of about six clear, transparent cé&#
situated in the dorsal region of the cercaria. A i
little posterior to the oral sucker is a cluster of |
cells opening intc the oesophagus and simulating a ?
pharynx (FIGS. 4 & 9.), but there are no muscle 1ay—!
ers here, such as there would be in a true pharynx. i
The salivary glands are four large coarsely granula.rE
cells, two on each side, having a diameter of about |
.0lmm, situated ventrally and behind the ventral
sucker. They are gometimes placed obliquely, one
behind the other. The salivary ducts are lateral |
and run anteriorly, passing through the walls of thei
oral sucker to their external openings,.one on each !
side of the moutn. During their course through the

wall of the oral sucker, they become dilated.

EXCRETORY/
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EXCRETORY SYS3TEM (Pig. 6, & Pig. 7,)

There are 14 flame cells - seven pairs -

in the body; The part anterior to the acetabulum

‘has 2 flame cells. The first one is situated lateral

i
to the oval sucker end opens into a duct running pos-
teriorly almost parallel o the lateral margin of |
the body. The second flamne cell is situated in the
oesophageal reglon, end opens into a duct running
medial to the first duct, but lateral to the ventral
sucker. Both duets unite posteriorly to the ventral
sucker to form a single vessel, opening into the f
. ms

antero~lateral angle of the excretory vesicle. The

five remsining flame® cells lie posterior to the ven-

tral sucker. The third one is latersl, and directed
anteriorly. The fourth one is almost in the median |
line and & short distance posterior to the sucker,
and opens into a duet, which unites with that of the
third flame cell to form a tributary of the outer
lateral duct from the enterior region. ,The fifth
orie is situated transversely near the coalescence

of the main dvwets, and is connected with the inmer
latersl duct. The sikth ome is leteral, directed
posteriorly and its ductﬁopeﬂs into the mein canal |
rniear the union of the main ducts. The seveuth one ‘

is/
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is lateral to the vesicle and directed laterally, |
and its duct runs anteriorly and leads into the maiﬂ
outer lateral duct. i

The excretory vesicle is T shaped, and 1is
situated at the posterior end of the body. It j
has a length of about .01 mm. and a breadth of about
.007 mm. The excretory system in the £ail is highly
developed. There dve four flame cells each of themi
opening by a short duct into the main caudal veasell
One of these flame cells is situated anterior to i
each of the last four pairs of large caudal cells. ]

There are six large caudal cells on each E
side of the main vessel. They are not always oppoi

site to each other and sometimes an extra one occurs

!
on one side, so that the total number is thirteen. |

These cells are large, about .025 mm. long and .Olzémm.
broad. They contain large hyaline nuclei, and the!
cytoplasm is clear and fluid. They collapse when !
fixed. Some of these cells are connected to cells
in the wall of the tail by a thin strand. It cannét
be definitely concluded that these cells have an ex%
cretory function, but as their inner walls bound the
caudsal canal, this function is suggested. The main
caudal vessel is median in position,and it receivesi
a duct from each fork. It opens into the posteriori

arm of the excretory vesicle.

GLAYDS /
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GLANDS & CELLS. (Figs., 4 & 9.)

The region between the alimentary canal and |

' the body wall is filled with parenchymatous tissue,

' many of the cells of which are distended., Th=re are

numerous cells posterior to the oral sucker, and in
the oesophageal region., Many cells asre found under
the cuticle, and are flask shaped. In the living
cercaria some cells are faintly granular,

In no case was there any sign of gonadial
tissue. The gonads have not yet been differentiated.

The wall of the tail is consatituted of a
layer of small cells, The tail is very muscular,
longitudinal and eircular fibres being visible under
the cuticle, |

MOTIONS of the CERCARIAE 1in WATER,

These cercariae do not emerge from the

- Limnaea in "puffs" or swarms, but pass out one by

one, at the rate of about four or five per minute.
They swim rapidly, and rise towards the surface, by
lashing movements of the tail, and by rapid opening
and closing of the forks, As the tail is mnved from

side to side, the caudal cells together with the

| fleme cells and duct move, within a limited range, up

and down the cavity of the tail.

The /
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The cercarise are heavier than the water
and tend to sink, but after sinking a little dis- ,
|

tance they rise agein towards the surface film by i
|

rapid movements of the tail. Their methods of loco=-|

motion remind one of those of Culex larvae. They
are positiwvely phototropic, collecting on the illu-

minated side of a tube. They swim obliquely upwards,
tail directed forwards and body downwards, and come 1
to rest with the body turmned syumetrically to the ray
of light. If the tube is now slowly turned round

the cercariae becoie active again, sand migrate to-
wards the light.:

The main effort of the cercariae seems
to be to get rid of the tail. The tail, after it is
detached, performs independent lashing movements for
some time.

The large caudal cells of the tail seem
to give buoyancy -to the cercaria.

The tailless cercarise creep leech-like,
moving their mobile am contractile anterior ends
from side to side. There seeus to he & tendency to
intrude into cavities. The cercaria was nét observ-
ed to encyst, and probably has. to gain entranece into
the final host by penetration. The spines on the
veutral sucker together with the spiny anterior ex-

tremity/
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extremity, probably help the animal to penetrate the
epidermis of the host, The function of the four

galivary glands is not known, but probably their i
|

secretion aids in the act of penetration. The libve-

rated cercariae were observed to live in water for |

48 to 72 hours, After that they died and disinte-

grated, The definitive host of this cercaria is un-

known.

TABLE/
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XIPRE-IDIOCERCARIA A,

From sporocysts in liver of Limngsea reregra

var burnetti_(Mﬁller) from Lochs Lubnailg and Ven-

nacher.

THE SPOROCYSTS :=-

The sporocysts are situated in the liver,

and sometimes form knob=like projectione on its

surface. They are blunt, thick and shert, and in

the living condition are opaque and white, but empty

sporocysts have & definite tinge of yellow. They
are not straight but bent upon themselves and show
no movement. They may reach & length of 1.5 mm. to
3 mm. and & breadth of .2 mm. to .6 mm,

The external layer is cellular and granu-
lar. Traces of a black pigment are found on the
surface. Internal to the epithelial layer is a
layer of cells from which thé embryos arise. It is
difficult teo localise a definite centre of origin
of the embrycs as these are scattered thrcughcut
the sporocyst cavity. Early embryos are attached
to the wall of the sporocyst by thin strands.
CERCARIA /
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CERCARIA (fig. 1 and 2)

The cercariae arise from the germ balls,
which constitute the contents of the sporocyst cavity
The mature cercariae creep in all directions as soon|
as the sporocyst is exposed or disturbed, there
being no definite concentration of mature individuals
at any special point, |

The cercaria is oval in shape, and its
anterior end is truncated. The body, especially the
anterior extremity, is contractile and is capable
of great modification, assuming either a more elon—
gated or a more globular form, The normal fqrm,
while the animal is in suspension in the water is
oval with the maximum breadth anterior to the ven-—
tral sucker. The anterior third is more or less
transparent, but the posterior part is opaque. When:
eXxamined alive and suspended in water the body is |
convex dorsally and concave ventrally, and the later-
al margins of the body in lateral aspect teﬁd to
.‘ hide the ventral sucker. The anterior and posterior
extremities are both directed downwards, the oral
sucker and caudal pocket being subterminal, The
posterior margin of the body projects rim-like over
the base of the tail. The lateral extensions of the
posterior margin are a little longer than the dorsal

rim./
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rim, In the normal condition the tail gives the
impression of being inserted almost at right angles |
to the body., The walls of the caudasl pocket are
muscular and contractile, and the pocket has a cuti-
cular lining, the surface of which is slightly
thicker opposite the lateral extensions of the body.
This thickened part is beset.with minute bristles
directed towards the base of the tail,

The cuticle of the body is thick and
strong and muscle fibres can be seen below it, The!
cuticle is covered with rows of minute bosses or |
tubercles, which are better developed anteriorly
and also posteriorly in the region of the caudal !
pocket, They are arranged in intersecting rows, i
and form a "diamond pattern®., The cuticle of the f
tail is smooth, but transversely striated., BResides
the tubercles the body is covered with fine hairs |
or bristles «01 to 02 mm, in length. These are |
scattered over the posterior three-fourths of the
body at intervals of <02 to +04 mm, The arrange-
ment of these hairs was difficult to determine as
they are easily broken off, In most of the speci-
mens there were nine transverse rows as evidenced
by the nine bristles on each side of the boay (fig.
\Q,H,). The first two rows are close together and
their position is fairly characteristic of this

cercaria;/
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cercaria; the remaining seven rows of hairs on the
body are by no means regular in position but the
figure shows their usual arrangement. Six charac-
teristic bristles project forward on each side of
the stylet., One of these — the fifth from the sty-
let - is much longer than the others., These an-
terior bristles rave been found in all the specimens;
examined, and msy be considered as characteristic
for this Xiphidiocercaria,

: The tail possesses no hairs or bristles,
but the cuticle is often seen to be raised into i
membranous extensions, which seem to be due to the
effect of the water, for freshly liberated cercariae‘
do not possess them. The cuticle of the tail may beg
transversely wrinkled, due to contraction.

The oral sucker is powerful and larger
than the ventral sucker. In the dorsal part of the |
oral sucker is a stylet (fig. 2,St. and fig. 3),
cylindrical proximally but with a nib-like distal
part. The average length of the stylet is 034 to
*037 mm,, the diameter at the base is <005 — <006 mm,,
and at the base of the "nib" is «009 - «01 mm, At i
the base of the "nib" on the ventral surface, is a i
band-like reinforcement, which extends from the ven—E

tral onto the lateral surface and is about <003 mm.

in/
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in thickness, The length of the "nib", measuring
from the distal edge of the rim, is about +01 mm,
The stylet is subject to slight variations in form
1n-d1fferent individuals, e.g., the reinforcement
may be present only on one of the lateral surfaces.
The main body of the stylet is hollow, but the "nib"
is solid. The distal point is situated in a slight
invagination at the anterior end of the cercaria,
but it does not project to the exterior. A lateral
view of the cercaria shows that the stylet is situa-
ted obliquely, and dorsal to the mouth, and also
that the reinforcement does not extend on te its
dorsal surface, so that in profile the dorsal sur-
face of the stylet is a straight line.

The ventral sucker is slightly smaller
than the oral sucker, and its aperture is directed

badkwards.

MEASUREMENTS/
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MEASUREMENTS OF LIVING CERCARIAE,

(The figures in brackets which follow are

the corresponding measurements from specimens fixed

in ‘sublimate acetic and examined in alcohol)

Length of body about.

Breadth of body
anteriorly.

Breadth of body
(maximum).

Thickness of body
anterior to the
ventral sucker.

Thickness of body
posterior to the
ventral sucker.

Length of tail, de-
pending on its
state of contrac-
tion, or extension.

Breadth of tail at
base,

Diameter of the oral
gucker.

Diameter of the phar—
vnx,

Diameter of ﬁhe ven—
tral sucker.

The ventral sucker
may protrude,

¢14—+25 mm, (+12-+25 mm, ) |

-0 8 mm, |
i

.1—-01'? mm. (‘12_'155 mm.) |
+053 mm, (<09 mm,)

+035 mm,

¢11—-+35 mm, (15-+2 mm,)

«035 mm, (+03—«05 mm,)

«05-+06 mm, (+04—-+05 mm, )

«02% mm, ( -023 mm, ) !
«04 mm, (-04 mm,)

02 mm,

The anterior margin of
bout 134 mm, (1 mm.)
margin of the body.

ALIMENTARY/

the ventral sucker is a— |
distant from the anterior;
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ALIMENTARY TRACT. (Fig. 2)

The mouth is situated ventrally and is
crescentic in shape, the corners being directed
forwards, There is a small pharynx with muscular
walls, An oesopﬁagus is absent, the two forks of

the intestine seem to arise from the pharynx, and

may he traced each aé a single curved row of cells

to the posterior lateral region of the-body. The |

interval between bifurcation and the ventral suckeré

is comparatively large.

EXCRETORY SYSTEM, (Fig. 4.) |
The excretory system consists of flame !

cells, collecting ducts and an excretory vesicle,

Bight flame cells were observed in the body, two of |

which are preacetabular and six postacetabular, |
The anterior part of the body is drained

by two ducts one on each side of the body, which

run posteriorly, Each duct arises in the lateral E

region of the oral sucker and receives a small duct

from the region of the pharynx, and another from a
|

flame cell close to the anterior margin of the ven-
tral sucker. The posterior region is drained by two|
ducts one on each side of the body, which run ante=
riorly, Each of these ducts receives tributaries

from three flame cells, and a duct from the postero |

lateral/
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lateral region of the body. The most posterior
flame cell is situated at the posterior corner of
the vesicle, and its duct is continuous with the
main duct. Another flame cell is lateral to the
vesicle, and a third is near the anterior margin of
the contractile part of the vesicle.

Both the anterior and posterior main
ducts on each side of the body unite to form a coilT
ed lateral vessel which opens into an arm of the_

excretory reservoir. The posterior end of the vesi-
|

cle receives a single duct, which traverses the

tail, No flame cells were visible in the tail, and |
no external opening of this duct was.'observed. !
The excretory reserveir lined with large
cells is situated at the posterior end of the body.?
It is Y shaped having two noncontractile antero- |
lateral arms, each about +03-+04 mm. long, and a
median posteriorly directed contractile vesicle a- :
bout 04 mm. wide., The posterior part of this vesii
Ccle is more contractile than the anterior part, |
Frequently there is a correlation between the con- |
traction and expansion of the vaéicle, and the leech
like creeping movements of the tailless individual.?
Thus, when the anterior end moves forwards, and the |
posterior end is at rest, the vesicle is expanded, |

but when the anterior end is fixed, and the poste-
rior/
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f posterior part moved forward, the vesicle contracts,
| This is, however, not constant, and the reverse re=
sction was also observed. The contractility of the
| vesicle decreases after the tall has been cast off,
and the caudal pccket has been contracted.

GENITAL SYSTEM. (Pig. 2, 7, and 8.)

The gonads are represented as masses of

germ cells, and are as yet feebly differentisted.

The testes occur as two masses at the level of the
excretory vesicle, near the ventral surface. They i
are not exactly connubial for the left one is situa-
ted a little in front of the anterior margin of the |

vesicle. No ducts were visible. The overy is

median and situated near the dorsal surface above
the posterior edge of the ventral sucker. From it
passes forwards a semicircular string of cells ;
situated dorsally and to the left margin of the l
ventral sucker. At the level of the anterior margin;
of the sucker the stfing of cells extends ventrally
in an obligue direction towards the preﬁ?tabular !
field. There is no doubt that these structures,
which stain deeply are the "anlagen" of the 0vi¢uct'
and uterus. The genital pore in the adult must be

situated anterior to the ventral sucker.

GLANDS /
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GLANDS and CELLS (Fig. %,6,7,and 8.)

On each side of ths animal and lateral to
the ventral suckerthere ars 8iX: granular cells with |
large nuclei, They ars divided into two groups. |
The ﬁgsterior group on each side consists of two
transversely placed gland cells, with a diameter of.
about +01—-«013 mm,, situated close togsther and j
lateral to the ventral sucker. From each pair theré
extends anteriorly a small cduct which is sinuous
in the contracted condition of the cercaria., An-
terior to these and also situated transversely is |
a cluster off four glandson sach side. Two of each |
group extend into the median field anterior to the
ventral sucker, From these anterior groups ducts
pass anteriorly, extend laterally round the oral
sucker, and open by pores into the slight invagi- |
nation, on each aide of the stylet. The ducts ofteg
show slight dilatations along their course, |

The space between the alimentary tract
and the body wall is filled with parenchyma and
other cellular elements. Some of the 1atter,-situa—;-
ted close under the cuticle, are small and corres— |
pond to dermal glands. Certain others, flask shapedl
and slightly granular with fairly large nuclei, |

correspond in character with those designated as

cystogenous/
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cystogenous glands by authors, They are most abun-—
dant laterally and posterior to the ventral suckar..
Some of the parenchyma cells of the body and the
tail are much distended, (TFig. S,qﬂ.) and in most
cases they collapse on fixation. Besides the cells;
granules and globules are visible in living speci- |
mens. The tail is filled with a vacuolated paren-
chymatous mass,
NERVOUS SYSTEM., (Fig. %, N.G.)

Posterioi to the oral sucker and dorsal
to the short prepharynx is a fibrous commissure
resting like a saddle on the prepharynx, It con-
nects the two laterally situated ganglionic masses,
from which passtwd ventral posterior cords, and two
anterior cords. The ganglia, commissure and cords
are surrounded by cells which constitute the nerve
sheath, |

GENERAL OBSERVATIONS.

The cercariae do not escape regularly one
by one as in the case of the furcocercous form pre—
viously described from the same molluse, They come
out in great numbers and slowly swim away, rising |
towards the surface film, The locomOtion is entire?
ly different from that of a furcocercous cercaria,

The caudal pocket is the centre of activity, the i

tail/ |
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tail being moved vigorously in this socket from side
to side. '
The cercariae are exceedingly active, but
their progress is slow; and they remain within a
limited area for a long time. |
This cercaria encysts on the shell of

Limnaes peregra prefersbly on that of a young Lim-

naea, On reaching a young Limnaea the cercaria be-—
comes very active and creeps leech-like over the
shell, the tail is eventually cast off by active
movements of the body, and the tailless individual
closely resembles a leech both in form, and in its
locomotion., The cercarise concentrate along the
edge of the peristome of the shell and on the ven—
tral surfaces of the whorls, and there as well as
on the dorsal surfsce, they encyst. The encystment
of cercariae was observed under the microscope, The
body bBecomes hemispherical, concave ventrally and
convex dorsally, drops of fluid can be seen exuding
through the cuticle, and a mucous layer is formed.
The encysting cercaria is not quiescent, but con—
tinually moves its anterior extremity through an
gngle of about 1809,

Frequently the whole body exhibits un-
dulatory movements which appear to be essential for

the/
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the production of a uniform cyst. The stylet glands
probably cooperate in the formation of the cyst wall,
Drops of a secretion can frecuently be seen exuding
even in unencysted forms, The cyst wall consists

- of coneentric layers., (Fig. 5). The inner ones be-—
ing especially well seen, The cyst when hard seems
to be composed of material allied to chitin, The
whole of the cyst is opague and cdark in appearance
owing to the dark brown cercaria inside. The éomh
pleted cyst is concave-convex when viewed laterally,
and circular when viewed from the dorsal surface. It
adheres by means of the ventral surface. |
The diameter of the cyst is about +22-.23 mm, and

the thickness of its wall is +03-+04 mm,

Unencysted cercariae may survive for 24
hours in an asguarium, but unless a Limnseg is reached
i within that time, they die and decompose, A few
| were observed to encyst on the walls of the glass
dish, All the cercarise do not encyst even when
Limnaeas are present. The percentage of encysting
individuals is small in comparison with ihe large
numbers liberated, The finding of a Limnaea seems
to depend upon chance., A special vitality or sctivi-
ty is however Bhown when the cercariae reaeh the

Limnaea/
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Limnaea. When several Limnaeas are present, re-
latively more cysts are formed on the shells of the
smaller examples. The definitive host no doubt is
one that preys upon Limnaea.

The cercariae were studled in July and
August, and on specially warm days of the former
month their liberation was frequent, and at labora-
tory temperature there was a continual supply avail{
able, The warm summer months seem to favour their i

liveration. The cercariae are libesrated in quiet

[
|
Their chance of finding a suitable place for encyst-

bodies of water such as little bays and podls.

ment depends upon the presence of Limnaeas on weedsi

and grasses within a certain limited radius.



. attached to stones, algse, grasses and weeds. The
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GENERAL REMARKS about the 2 SPECIES of CERCARIAE
of LOCHS LUBNAIG and VENNACHER and about the |
HOST LIMNAEA PEREGRA VAR. BURNETTI., (MULLER)

LIMNAEA PEREGRA was fairly common in July in these

Lochs, There were two forms, a large and a small,
The large form generally frequented the shore line,
|
small form on the contrary was more abundant in situa—-

tions where the movement of the water was rapid, e.g,

round the outflow of the River Leny, but is not strict
ly confined to such conditions, and occurs together

with the larger form in the still pools and bays

along the shore lins,

Every large Limnaeag examined was heavily
infected with sporocysts of either of the 2 species,;
but it was rare to find the two kinds of sporocysts i
in the same individual., The furcocercous cercaria
was the more éommon, and was found in at least eight
out of every ten Limnaeas. A heavily infected in-
dividual may be recognised by the dull white appear-
ance of its shell, through which the liver and sporo-

cysts/
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sporocysts may be seen., The colour is due not to
the shell, but to the underlying liver and sporo-
cysts. The different kinds of infection may be
distinguished externally through the shell by the
appearance of the sporocysts,

In the Xiphidiocercaripge sporocysts are
white! dor yellowish and, plump in appearance; in |
the furcocercous form they ars yellowish, but threaa
like and thin, Infected Limnaeas are very sluggish;
in their movements’ whereas the smaller and unin-
fected Limnaeas are active, .

The furcocercous cercariae were continual-
1y liberated, but the discharge reached its maxﬁmﬂﬂ

at the end of July and the beginning of August.

Molluscs opened in the middle of August héd empty
sporocysts, containing comparatively few undavalop—j
ed-eercariae, The Xiphidiocercariae were liberated
in swarms only during certain very warm days in

July, They.were commnon at the beginning of August,
and at laboratory temperature during the first threé
weeks of August, their liberation was continual,

The number set free declined at the end of August, %
This holds good for both the species described from?
L. Lubnaig and L., Vennacher under observation dur- ;

ing July and August. : |
The/ |
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.The Limnaeas in the aquaria died off at
the end of August; There may be several reasons
for this, firstly that naturally at this period of
the year the molluscs die off, secondly that the
heavy infection disturbs physiological and meta-
bolic processes and causes death, and thirdly in-
sufficient food or lack of préper food may have beeﬁ
the cause of death. The evidence seems to incline
towards the second assumption, and death seems to
be caused not by the living sporocysts, but by the
disintegration of empty sporocysts. Some dead mol-—-
luscs exeamined had a mass of empty sporocysts in
the liver tissue. The latter organ was atrophied,
and had a yellow colour.

Thers is no definite proof that parasitism
depriﬁes the Limnaeas of reproductive activity, How-
ever in an aquarium containing about 30 specimens
only two or three clusters of eggs were produced

during the whole month of July. An examination of

the ovotestes revealed active spermatozoa and ova,
even in heavily inf@cted individuals, The small
forms of Limnaea also had active spermatozoa, and
in no single case was there any sign of infection,
Infection by miracidia probably occurs
early in the summer or in spring, and very young

Limnaeag/
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Limnasas are infected. The molluscs grow and de-
velop, and at a certain period are able to repro-
duce, In the meantime the sporocyst or sporocysts
multiply and develop, and when the infected snail

reaches the average size of a2 Limmasa peregra, it

becomes so heavily parasitised, that reproduction
is arrested. The apparent incapability of repro-
duction 1is not due to the atrophy of the gonads,
but to change in physiological activity,

There may be other reasons why infected
Limnaeas do not deposit eggs. The maximum deposit |
may be in early summer or in spring; and that in

mid—swmmer at the climax of the liberation of cer—

caria, no eggs are deposited, The fact that all
the large individuals in the Lochs are infected,
and that the spscies is capable of persisting woula
lead to the conclusion that in apite of infection
reproduction is still possible,

The effects of infection are probably |
more chemical than mechanical, Individual cellsin
a section of infected liver tissue show degenera- |

tion, #s the sporocysts increase in size and ;

multiply, very little of the liver ultimately re—

mains./
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remains. Cells betwsen sporocysts are broken down
and others again increase in size. The liver en—
velope is often broken through and the sporocysis
project, Toreign material such as grit and fine

sand gains sentrance. A certain amount of pigment

of a dark nature probably a result of disintegrated |

liver tissue, and excretory matter of the sporocysts,

is sometimes visible between contiguous sporocysts.
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DESCRIPTION of FURCOCERCARIA. B. from LIMNAEA
AURICULARIA. LINN, from

DUDDINGSTON LOCH.




FURCOCERCARIA. B.

From SPOROCYSTS 1in the LIVER of
LIMNAFA AURICULARIA LINN

From DUDDINGSTON LOCH, EDINBURGH.

SPOROCYSTS.

The gporocysts are slender,. long, and
threadlike, and difficult. to: remove without
damage.  There 1s no mobile anterior end or birtnui
pore,, and the breadth varies from .l - .15 mm. Tne%
outer layer is tough, containing large flat epi-

thellal cells, and circular muscle <fibres are

visible wunder this layer. There appears: to be

no definite internal layer,. but some parts of the
thin wall of the sporocyst are thickened, numer-—
oug: granular cells being vigible. A sporocyst fre-—
quently has congtrictions, and the lumen is not
continuous. The walls of the sausage-~like constrict-
ed regions are thicker,. owing to the internal magses
of granular cells, and their cavities contain |

embryos/
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embryos in all stages of development, but no
mature cexrcariae, In older sporocysts, where few
embryos are present, the wall ig thin, and the

granular masses of cells are entirely absent.

THE CERCARIA. (Fig. 1 & 4)

The cercaria has an elongated,, cylindrical |
and translucent body with a mobile: anterior end,.
which does not extend posterior to the oral sucker.
The cuticle is covered with transverse rows of
tubercles, giving it a striated appearance.. The
tall is Inserted terminally in a small caudal
pocket, and is powerful, with longitmdinal muscle
fibres,. which appear: ag parallel lines.. The forks
are learflike and flattened laterally with a narrow
wavy membrane on the dorsal and ventral edges.

Each fork ends in a clear cuticular point about
.013 mm. long at the bage of which is an opening
(Pilg.. 85 B.Po)

There is a muscular, pouch-like oral sucker
the extreme anterior part of which is introvertiblé
and when this is everted the mouth is seen to de |

surrounded by a raised lip-like structure, which

sometimes/
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gometimes assumes the form of three ridges (Fig. 2
& 4). The sucker is ovoid, and in the living
animal longitudinal muscle bands can be seen in
its wall. The posterior part of the sucker 1s
e&ﬁec&allyrmuscular, and regembles a pharynx, the
muscle fibres giving it a trangsversely gtrilated
appearance.,.

About .13 - .14 mm, from the anterior
margin, and on the dorsal surface are situated
two eye spots,, which in the living cercaria contain
a. black pigment. The eyes are about .01 - .03 mm. |
apart,. and .008 mm, in diameter. Under a high
power each eye appears to be made up of numerous
clear refractive cells, which are embedded in the
black pigment. The eye, when viewed from the
dorsal surface is circular, but in some specimens
it 1g slightly concave laterally and convex
medially.

The muscular ventral sucker is a character-
istic gtructure of this furcocercaria., It can be

extruded for about .03 -- .04 mm, and retracted into

a/
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a pouch, which is simply the depressed ventral sur—
face of the body (Fige 3.). The retracted sucker
appears ag a circular dise,. surrounded by the rim
of the pouch. When extruded the sucker is tupular
and projects slightly posteriorly (Fig. 5 & 7.)

The retraction and extrusion are vrough% about by
Iateral muscle fibres, radiating out from the walls;
of the sucker, and attached to the body wall (Fig.
3) The gucker can also be moved from side to side,

and vackwards and forwards..

MEASUREMENTS of TLIVING CERCARIAE. (The figures

in brackets, which follow are the corresponding
meagsurements from specimens fixed in corrosive

acetic, and examined in alcohol,.)

Length of body - - -- ---434 — .4 mm, (.3 — .4 ™, )

Maximum breadth -----,06 - .1 mm. (.06 mm)

of body

Breadth at }ﬁ_...-._._(.oz,—..ommn.)
anterior region

Breadth at 3~-~-.04nﬂn (.04 mm, )
posterior region '

Depth of body an- s e o= o (0 04 = 05 M. )

terior to the ven-

tral sucker and in

the region of the

oral sucker. i 2
Depth of vody pos—i e U S e 1 )
terior?
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posterior to
ventral suck

tnej
er

Depth of bvody e - (11 (.1 mm)
plus the ex-
truded ventral
sucker
Length of tail ------: .38 = .4 mm. (.38mm.)
Breadth of tail -- -- - - --- .04 mm. (.04 - .05 mm, )
Depth of tail - sosee-- .04 mm. (.04 mm. )
Length of fork ------- .26 = ,3mm. (.2 — .3 mm,)
Maximum breadth}------v--~.02 mm. (,023 mm.)
of fork ' ;
Length of oral --------411 - .12 mm. (.11 mm.)
sucker
Maximum breadtng--- = =~---,04 mm, (.03 - .04 mm,)
of oral sucker
Diameter of venfg seeases o003 mm. (.02 = .03 mm, )
tral sucker
Ventral sucker ig)-----.2 - .23 mm. (.15 - .22 mm.)

distant from

the

anterior margin

of the bvody

INTERNAL ORGANISATION,

ALIMENTARY TRACT Fig,. 4).

The mouth is slightly ventral, and leads into

a large cavity occupying most of the oral sucker.

The rest of the alimentary tract is vestigial, and

is in the form of a straight tube extending a little |

posterior to

the eyes, where it ends, there being

no bifurcation into two forks. No indications of a

pharynx, or a

observed./

mass of cells simulating a pharynx were
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observed.

EXCRETORY SYSTEM (Figs. 6 & 7)

The excretory system consists of fourteen

flame cells, four flame tracts, collecting ducts,
and an excretory vesicle., The anterior region is
drained by two ducts, one on each side of the body
and ariging in the region of the oral sucker. Eacn%
duct receives tributaries from three flame cells,.
the rfirst flame cell 1s lateral and in the posterior
region of the oral sucker, the second is behind the
eye, and the third is lateral and anterior to the
ventral sucker. The posterior region is drained
by two main ducts, one on each side of the body,
and each ariging as a flame cell in the base of the
tail.. Three small ductg from three flame cells in
the posterior region of the body open into this 3
main duct, The first flame cell ig lateral and
posterior, the second ig about midway bvetween the
posterior end and the ventral sucker, and the third:
is lateral and in the region of the ventral sucker |
and its duct runs posteriorly to join the main
posterior duct.

The/
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The main anterior and posterior ducts, on
each. side of the body unite to form a sinuous
lateral vessel, which extends anteriorly and ven-
trally , and bending round it runs posteriorly,
opening into a short antero-lateral arm of the
excretory veslcle.. The characteristic feature
of this lateral vegsel is the presence of two
flame tracts, congisting of two bundleg of cilia. |
beating in the direction of the excretory vesicle,
and attached to the wall of the lateral vessel. A
lateral view shows the position of these two bundles
of cilia to be in the first loop of the vegsel (Fig.
7, P.L.T ). Besides the flame cells and their |
ducts, there is a small sinuous duct, on each side
of the body, arising near the base of the ventral
sucker, and opening into the ascending part of
the lateral vegsel.. The excretory vesicle 1s
noncontractile, and biicornuate.. Into the posterior
part of the vesicle opens a caudal vessel, which
traverses the main part of the tail, and divides

into/
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into two branches, each of which passes down a
fork, and after giving off a ghort diverticulum
opens to the exterior at the base of the: clear

cuticular tip (Fig. 8,. E.P.).

NERVOUS SYSTEM (Fig, 4, N.G.)

The  nervous system consists of two ganglia
situated laterally and opposite the two eyes near
the dorgal surface. A fibrous commissure connects
the two ganglia and pagses dorgally over the vesti-

gial alimentary tract,

GENITAL SYSTEM (Fige. 4 & 5, 6)

The gonads are in a undifferentiated con-
dition, andare found as a triangular mass of deep-
ly staining cells near the ventral surface, immedi-

ately posterior to the ventral sucker..

GLANDS and CELLS. (Figs. 4 & 5 )
The salivary glands are divided into two

groups of five glands on each side of the hody.

‘Bach group consists of two clustergs of glands, a

posterior cluster of three coarsely granular cells
about .04 mm., long,. and situated in the form of a

triangle/
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triangle, one dorsal and lateral,, and two posterior
to the ventral sucker, and of an anterior cluster
of two vesicular cells, situated anteriorly to the
ventral sucker. Each group of glands on each side
of the body gives off a bundle of five sinuous
ducts which pass anteriorly and laterally  to the
oral sucker, opening by five pores situated on five
processes at the side of the mouth within the lip-
lixe ridge, |
The ten salivary glands occupy most of the
posterior three~fourths of the body, and the |
parenchymatous cells are few, being found chiefly
in the region vetween the oral sucker, and the
anterior clusters of salivary glands. The commiss-—
ure and nerve ganglia arelsurrounded by numerous
cells, which do not differ from parenchymatous
cells.. Parenchymatous cells are also present in
the pogterior region of the body, where some cells
under the cuticle correspond to cuticular cells,
Besides parenchymatous cells, tén cells,. which are
of the nature of cystogenous cells were obgerved on
each gide of the body. These cells possess:nyaline*

nuclei/



nuclei, and cyﬁoplasm which 1s often granular. In
all the cercariae examined these cells were arranged
in a definite pattern ag shown in (Fig. 5. Cy.),
one anterior to the eye, three benind it, three in
.the region of the ventral sucker, and three
posterior to the ventral sucker. .
The parenchymatous tissue of the tail
surrounds the caudal vesgel, and contains cells,
which are situated nearer the cuticle. The forks
contain comparatively few cells, and many of these
resemble megenchyme cells, sending out processes,
which often connect them to gther cella.(Fig, 8 ).
The delicate and wavy membrane more or less con-
fined to the posterior part of the forks 1s non—
cellular.. ]

GENERAL/
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GENERAL REMARKS..

The cercariae are extremely active when
they emerge from the limnaea, and by rapid move-
ments of the tail swim towards the. surface film of
the water. The tall ig the chief organ of propul-
sion,. and at short intervals is laghed from side toé
gide:: the oral end of the cercaria belng always
directed forwards.. Frequently the cercaria becomes
quiescent: and appears: to sink down, when suddenly
the forks are rapidly opened and closed, while the
tail is laghed vigorously, causing thé animal once
more to rise towards the surface. |

The cercariae are positive phototropic: col— |

- lecting on the illuminated side of the test tube,

but if such a tube be now slowly turned round the

animals actively migrate towards the illuminated

' gide, Attachment to a gurface is effected by the

muscular ventral sucker, ag a result of which the

attached cercaria takes up a characterigtic: position |

' the anterior end is glightly bent ventrally, and the

| tail is directed obliquely upwards. The oral sucker

appears/



appears to take no prominent pert in the attaehmenti

but tests the surfece by repeated attempts at ad-
hesion.

The tail is not easily cast off, and when
detached performs independent movements. Freshly
liberated cercariae were sble to survive three or
four days in a test tube of water, but after thaf
they all died, and no encystment was observed,
The secretion of the salivery glsnds is copious,
and can easily be demonstrsted by introducing a
few drops of formalin under the coverslip, where
gsome cercariae are swimming about. The effects
are in most cases instantaneous, the cercarise
becoming rigid and ejecting fine threads of mucus,
which solidifies in the surrounding medium, and
often exceeding the cercarise in length,

EXPLANATION/



DESCRIPTION of XIPHIDIOCERCARIA. B. and
XIPHIDIOCERCARIA, C., from LIMNAEA PEREGRA MﬁL. from
the ISLANDS of MULL and ULVA.




XIPHIDIOCERCARIA. B.

from SPOROCYSTS in +the LIVER of

LIMNAEA PEREGRA ( MULLER. )

from the hill streams of ULVA and the mainland of

ULL.

SPOROCYSTS (Pig. 1.)

lost of the Limmaeas sent by Dr. Annandale

from the hill streams of Ulva and the mainlend of

cysts are plump, having a length of about 1l.6-2 umme.
|

and a breadth of about .l1-.3 mm, and are often bent |

lull were infected with this cercaria. The sporo- !
|

upon themselves. They are white or yellowish, and i
in most cases found along the part of the intestineJ

coiling in the liver. Some sporocysts sre constricﬁ—
ed at certain regions, giving rise to dwab-bell !
shaped structures, but freguently only the inner laj-
er becomes constricted off into ablong sacs. The ‘
external surface is covered with masses of a granu-é
lar black vpigment, which often render the Sporocyst%
opagque. The wall of the Sporocyst is couparativelyI
thiek, consisting of two definite layers of cells, !
an outer epithelial layer, and a well deifined interJ
nal layer, from which the cercariae arise, and which

often/
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. often becomes separated from the epithelial layer,

' The internal layer surrounds the embryos like an en-

:velope, and it differs from the outer layer in the

nature of the nuclei, which are larger, but poorer in

chromatin, By rupturing a sporocyst and applying a

é gentle pressure the internal envelope can be pressed

| out with its contents, and some parts of the layer

' are found to be cuticular; nuclei and cell boundaries?

| the wall of the sporocyst. '

being absent. No true muscle layer was observed in

THE CERCARIA (PFigs. 2,3, & 4)

The mature cercariae are more common in the|

i larger sacs of the sporocyst, and creep in all direc~

. tions as soon as the sporocyst is disturbed. The cer~

' caria is oval in shape, and the anterior end is trun-|

. cated. The body in suspension in water is concavo-

E convex, the oral sucker being subterminal, and the

mouth ventral. In lateral aspect the latersl mar-
gins of the body 'tend to hide the ventral sucker, so

much so that from a ventral view there appears to be I

| a definite rim on each side of the body (fig. 4.)

The anterior end in the region of the oral sucker is

contractile. =
|
The cuticle is tough, and covered with inter-

secting/ : |
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'interseeting rows of minute tubercles, which are

more prominent anteriorly and also posteriorly in-the

region of the caudal pocket. On the ventral surface

of the body the cuticle is often raised into bosses,

 which are well developed in the cavity of the ventral

sucker. There is a well developed caudal pocket with

a thickened cuticular lining, the surface of which,

'on each side, is covered with stiff bristles, directed

towards the base of the tail. There are no hairs on
the body, but five small papilla-like structures are
_founﬁ in the anterior region, on each side, and dor-
'sal to the stylet (figs. 3 & 4, pap.)

The oral sucker is well developed, and is
Ioften transversely elongated. In the dorsal part of
éthe oral sucker is an opaque, solid and cylindrical

.stylet, which has a slight reinforcement on the ven-

jtral and lateral surfaces at the base.of the '"nib",

The length of the stylet is about .03 - .033 mm., the

‘diameter at the base is .005 mm., and at the base of

‘the "nib" is ,006 mm.; the "nib" being .008 mm. long.

| The muscular ventral sucker is slightly

ismaller than the oral sucker, and is either circular

|

ior transversely elongated, with its opening directed
'either/
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either anteriorly or posteriorly. The tail is sbout

a8 long as the body or often longer; the length de-

- pending on its contraction and extension. In suspen-

sion in water the convex dorsal surface of the cer-

caria projects over the caudal pocket, the tail being

. MEASUREIENTS of LIVING CERCARIA. (The figures in

inserted ventrally ( figs. 2 & 4), and often directed
anteriorly for a short distance before bending down- |
wards, The entire cercaria is granular and feebly
translucent, presenting to the naked eye the appear-~

ance of being greyish in colour.

brackets which follow are the corresponding measure-

' ments from specimens fixed in corrosive acetic and

? examined in slcohol.)

| Length of body -------.85 -~ ,35 mm, (.25 - .3 mm.)
Maximum breadth of
body -"%15 - ,16 mm, (.14 ~ ,16 mm,)
| Length of tail ------ « 2 ~ .35 mm, (.16 - ,28 mm,)
Breadth of tail at
base "“004 - 005 am , (n055 - .04 mm.)
Dismeter of oral
sucker -=--,07 - ,08 mm. (.07 mm,)

' Diameter of ventiE

Transversely elon-
gated oral Sucker}“i.063 mm. by .08 mm,)

ral sueker .. .. vy .06 - ,07 mm, (.05 - 06 mm,)
Transversely elon-

gated ventral

sucker ----(,06 mm. by .05 mm,)

| The ventral sucker is .16 = .17 mm. (.14 - ,16 mm.)

distant from the anterior margin of the body.

INTERNAL/
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INTERNAL ORGANISATION.

Alimentary Tract (figs 3 & 4.)

The mouth is situated ventrally and is cres-
centic in shape, the corners being directed forwards.é
| There is a muscular and well developed pharynx about
' .03 mm. long and .025 mm. broad. From the pharynx |
 there extends altubular and cuticular oesophagus,
which bifurcates about .025 - ,03 mm. from the
:ph&rynx into two forks. The forks of the intestine
:are peculiar in that the proximal part of each is
' non-cellular and cuticular like the oesophagus(fig.4);
the rest of the fork is cellular, and extends to the |
| posterior region.

Excretory System (fig. 4)

Owing to the opacity of the cercariae no
| flame cells were observed, but the collecting ducts
iand excretory reservoir were visible. The anterior
éregion of the body is drained by two main ducts one on
Eeach gide of the body, which run posteriorly. ZEach
%duct arises in the lateral region of the oral sucker.

| The posterior region is drained by two main ducts one
I
' on each side of the body, which run enteriorly. Each

|
!of/
|
|
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' of these ducts receives three tributaries, one from

the lateral region of the excretory vesicle, a second

from the region of the anterolateral arm, and a third |

' from the lateral region of the body. Roth the anter-

| ior and posterior main ducts on each side of the

 body unite to form g short vessel, which opens into

- the antero-lateral arm of the excretory reservoir.

The excretory reservoir is Y shaped, and

_ its wall consists of a single layer of cells, the

posterior part or vesicle about ,05 mm. long, and

. 025 mm, broad is contractile, while the antero-

lateral arms about .05 - ,06 mm. long are feebly con-

. tractile, The posterior end of the vesicle receives

a single duct, which traverses the tail.

GENITAL SYSTEM (figs.3 & 4, G.)

The rudiments of the genital system consist

| of a mass of deeply staining cells, situated near the

| dorsal surface, and opposite the ventral sucker. NNo

definite structures are visible and the only parts
observed were a posterior mass of cells connected by
a string of cells, which curve round opposite the

left margin of the ventral sucker to an anterior

mass/
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mass of cells, which extend downwards for & short

| distance.

| GLANDS and CELLS.(fig.2 & 3)

There are seven large, granular, salivary

| glands on each side of the body. ZEach group is often|
divided into two clusters, a posterior cluster of |
four glands situated close together and lateral to

the ventral sucker, and an anterior cluster of three
| glands situated laterally and transversely. The
Iglands are easily visible and extremely granular
éhaving a length of about .04 mm, and a breadth of
' about .02 mm. From each gland there extends anter-
;iorly & small sinuous duct, and the seven ducts to-
égether form & bundle, which extends anteriorly, open-
ing by seven pores situated on processes on each side
of the stylet (fig.4, S.D.0.)

The parenchymatous tissue between the ali-
mentary tract and the body wall contains numerous
eystogenous cells, which are situated near the
éoutiele. These ceells are large and granular with
élarge nuclei. The cells are more numerous posterior-
ély and give the cercaria a mottled appearance(fig.2,
g& 3, Cy.) thus rendering it opague, and obscuring the

internal/
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' internal structures. The ordinary parenchymatous

‘cells are more numerous in the region of the pharynx

'and nerve commissure, where they surround the ganglia

| forming a sheath. Many cells which are not distin-

| guishable from ordinary parenchymatous cells are

| found under the cuticle. The tail contains a paren-

chymatous tissue between the caudal duct and the wall,

and the cells are vacuolated. Besides the cells the
parenchyma of the body also contains numerous inclu-

sions such as granules and globules, which increase

the opacity bf the cercaria,

NERVOUS SYSTEM (fig. 3).

The nervous system is in the form of a
commissure, which rests like a saddle on the anterior

and dorsal part of the pharynx, and connecting to-

gether two lateral ganglionic masses. The beginnings:

of two posterior ventral and two anterior cords could |

ibe made out.

REMARES.

These cercariae emerge in swarms and the

motion is typical of most of the Xiphidiocercariae,
the caudal pocket being the centre of locomotion, and

the/
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the tail lashed from side to side. The movements are
'active, but the progress is comparatively slow.
jFreshly liberated cercariae were able to survive in
‘water for about two days, but after that they died

\without encystment. The definitive host is unknown.:

BXPLANATION of the FIGURES
of XIPHIDIOCERCARIA B.

;FIG. 1. An entire sporocyst showing the two layers
| of cells, and the constrictions.X 120.
;FIG. 2. Two cercariae.X 120,

lFIG. 3. The body of a cercaria showing the position
of the salivary glands, and the cystogen-
_ ous cells. X 550,

?Fig. 4, A ventral view of the body, showing the

ventral concavity, the alimentary tract,

; gonads, and excretory system.X 550.



bl

XIPHIDIOCERCARIA C.

From SPOROCYSTS in the LIVER of
LIMNAEA PEREGRA ( MULLER. )
From the hill streams of ULVA and the mainland of

MULL.

While studying Xiphidiocercaria B. another

:xiphidiocercarialappeared in the aguarium one morning:

- and as there were not many of them they were at once ;
carefully examined. The aguarium contained about
sixty Limnaeas from streams of Ulva and lull and as

the Limnaeas were kept for the study of Xiphidiocer-

caria B., none were sacrificed to find the 3porocystsl
of this new cercaria, and neither were there any more:
' fresh cercariae liberated., The infected Limnaea or- |
Limnaeas were never found in spite of a careful ex-

| amination. l

THE CERCARIA (figs. 1 & 2.)

The cercaria was easily distinguished by é

its white appearance from Xiphidiocercaris 3B. which

is greyish. It is oval in shape and the anterior end
ig truncated. The body, esPeéially the anterior ex-

| tremity/
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.extremity is contractile, and is capable of great
modification, assuming either a more elongated or a
‘more globular form. The body is translucent and the
internal organs are easily recognised., When examined
ialive in water the cercaria is convex dorsally and
‘concave ventrally and the lateral margins of the body
fin lateral aspect tend to hide the ventral sucker. .
:The anterior and posterior extremities are both direc-|
‘ted downwards, the oral sucker and caudal pocket being;
Iaubterminal. The posterior margin of the body pro-
Jects over the base of the tail and there is a well
;deve10ped and prominent caudal pocket about .047 mm,
broad, and .03 mm, deep. The walls of the pocket are
fcuticular and on each side there is a circular patech
;about .02 mm., in diasmeter, on which are situated stiff
:bristles, which are directed towards the base of the
%tail (figs. 2 & 4.)

s The cuticle of the body is thick and strong,
and is covered with rows of minute tubercles, which
are better developed énteriorly in the region of the
Pral sucker and also posteriorly in the region of the
caudal pocket. The cubicle of the tail is smooth but
Fhe musele fibres below it give it a striated appear-
ﬁnee/



; verse, irregular rows of hairs. The anterior end is

9.

appearance, Besides the tubercles the posterior
three-fourths of the body is covered with nine trans-
i
without hairs, but on each side of the stylet and on
the dorsal surface is a row of four papillae (fig. 2;
Pap. )

The oral sucker is comparatively large and
subterminal in position. In the dorsal part of the
oral sucker is & clear stylet (figs. 1,2,% 3, St;}
cylindrical proximally but with a nib-1like distal
part. The average length of the stylet is .035 mm,, 5
the diameter at the base is .01l mm., and at the basef
of the ™mib" is ,011 mm.; the "nidb" being .01 mm. in |
length, The base of the stylet as well as the base |
of the "nib" in this xiphidiocercéria has a ventral
reinforcement, which extends from the ventral on to
the lateral surface., The main body of the stylet is:
hollow, but the nib is solid. A lateral view of thei
cercaria shows that the stylet is situated obliguely,
and dorsal to the mouth, and slso that in profile the
dorsal surfece of the stylet is a straight line. |

The ventral sucker is circular in outline
or transversely elongated and is as large as the

oral sucker or in some specimens is slightly 1arger.'

The/



0.

| The opening is directed backwards and the anterior

'rim is often raised & little above the level of the

' body.

| MEASUREMENTS of LIVING CERCARIAE. (The figures in

ibrackets which follow are the corresponding measure-

'ments from specimens fixed in corrosive acetic and

' examined in alcohol.)

'Length of ho@y “---=

Maximum breadth of
body anterior to

IS'-".‘]_S - 16 mm,

.26 - .5 mm . (022 il 15 mml)

the ventral sucke (215 = 8 mm,)
| Depth of body < - « -0 ief =t s (o080 = )
| Length of tail -- - - 415 - .23 mm., (.14 - .23 mm,)
Breadth of tail at
| the base ---,034 - ,04 mm.(.03 - .04 mm.)
| Phickness of tail - - - - it ~-(.05 mm, )

iDiameter of oral;_

sucker
| Transversely elon-
gated oral sucker

| sucker
| Transversely elon-

. gated ventral suc-

| ker

}06 -, oO? MM. (JOS mma)

| 75---~--(.oeby.oemm.)
Diameter of ventral

-106 - .09 m.(los - .07 mﬂl.)

E- = = = -~ (L0 %59 O )

' The anterior margin _
| of the ventral sucker is .15 mm, (.12 - ,15 mm,) dis- |

|
i tant from the anterior margin of the body.
i
|

INTERNAL ORGANISATICH.

ALIMENTARY TRACT (

g 8]

3 The mouth is situsted ventrally and is

crescentic/
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crescentic in shape, the corners being directed for-

| wards, There is a well-developed pharynx about ,03 -

| «0%6 mm, long, and ,025 - .03 mm. broad, with a mus-

cular wall about .,007 mm., in thickness. An oesopha-

gus is absent, and the two forks of the intestine

about .01 mm, in diameter arise from the pharynx and

' extend to the posterior region. There is a definite

lumen and the wall of the fork consists of a single

layer of cells,

| EXCRETORY SYSTEM. (fig. 5.)

The excretory system consists of eighteen

flame cells, collecting ducts and an excretory resey

' voir. The anterior part of the body is drained by

two large ducts one on each side of the body. Each
duct arises in the lateral region of the oral sucker,

and receives two small ducts from two flame cells in

| the pharyngeal region, a third duct formed by the

union of two small ducts from two flame cells in the
lateral region of the ventral sucker, and a fourth

duet formed by the ﬁnion of two minute ducts from

| two flame cells anterior to the ventral sucker.

The posterior region is drained by two

| main ducts one oy each side of the body,which run an-

teriorly. ZEach of these ducts beginsposteriorly as a

minute/
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minute duct, and@ receives the ducts of three flame
cells situated laterally to the excretory vesicle,
and a small sinuous duct from the lateral region. |
The anterior and posterior main ducts on each side of!
 the body unite to form a thick coiled vessel, which
- opens into the antero-lateral arm of the excretory
reservoir,
The excretory reservoir is a Y shaped

structure lined with a single layer of large cells, |
| and 'situated at the posterior end. The two antero-
' lateral arms about .07 mm, long are non-contractile,
 but the median posteriorly directed vesicle about
.06 mm, long and .03 mm, broad is contractile. The
' posterior part of the contractile vesicle receives a |
gingle caudal duct, which traverses the tail. No
flame cells were visible in the tail, and no external
;excretory openings were observed either on the tail

' or on the body.

| GENITAL SYSTEM (fig, 2, T, & Ov.)

; The testes consist of two deeply staining |

:masses of cells, one on each side of the median con- |
tractile part of the excretory reservoir. The |

5testes are situated near the ventral surface, and as

;yet there is no indication of ducts leading from

|
| |
| them./ ; : !
| |

[
i
1
4
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them. The ovary, oviduct and uterus are represented
'as a deeply staining semi~circuler mass of cells sit-
éuated ﬁear the dorsal surface and opposite the left
'margin of the ventral sucker. The mass of cells at

- the posterior end of the semi-circular string of
 cells represents the "anlagen" of the ovary, while
gthe thickened anterior end of the string of cells re- |
:presents the uterus, which bends downwards for a short
:distance. The genital pore in the adult fluke pro-

:bably opens anterior to the ventral sucker,

| GLANDS and CELLS. (fig. 2, S.G.,Cy., Cp., & Cn.)
| On each side of the body and lateral to the

ventral sucker there is a cluster of seven salivary

'glands. From each gland there extends anteriorly a

|small sinuous duct, and the seven ducts together f0m

'a bundle, which extends laterally round the oral suc-
fker, opening by seven pores on each side of the stylet.
' The parenchymatous tissue between the alimentary tract

'and the body wall contains two kinds of cells, the

écystogenoua cells (Cy.) with granular cytoplasm and

'large nuclei poor in chromatin, and parenchymatous
cells (Cp.) with deeply staining nueclei rich in chro- |
%matin. The cystogenous cells are siﬁuated nearer the
icuticle, but many parenchymatous cells are &lso
éfound/
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found immediately below the cuticle. The parenchyma-

tous cells are not distinguishable from those cells,

‘which surround the ganglia and commissure and consti-

:tute & sheath. The tail contains a vacuolated paren- ;

‘chymatous mass.

NERVOUS SYSTEM. (fig., 2, N. G.)

Posterior to the oral sucker and dorsal to

ithe pharynx is a fibrous commissure resting like a
{
'saddle on the short prepharynx. It connects the two

ﬁlaterally situated ganglionic masses, firom which pass

+two ventral posterior and two anterior cords.

REMARKS.

The locomotion of this cercaria does not dif-

%fer from that of other Xiphidiocercariae. The centre
iof movenent is situated in the well-developed caudal
'pocket. The cercariae are very active and tend to re-
imain near the surface film of the water, Some of the

| free swimming cercariae were isolated in a dish of

L]

\water to which were added two Limnaeas, the shells of |

iwhich had previously been scraped and cleaned. After |

|
'a few hours the cercariae had disappeared, and a few

cysts/



- cyste were found on the shells of the Limnaeas. The

Limnaeas continually liberated Xiphidiocercariae be- |

; longing to the previously described Xiphidiocercaria E

wes -
B.which,proved not to encyst on the shell of Lim-

naea peregra.

A cyst was scraped off from the shell of
one of the Limneseas and examined., Externally it was

identical both in size and shape with the cyst of

Liphidiocercaria. A. from Loch ILubnaig., On the ap~

| pliecation of pressure a cyst was broken and the sty-

|
let of the damaged cercaria was found to be identical

with that of Xiphidiocercaria C., There is no doubt

that Ziphidiocercaria C. encysts on the shell of g

Limnaea peregra and that the cyst is indistinguish-

able externally from that of Xiphidiocercaria A.

from Loch Lubnaig. The cyst is opaque, dark in ap- i
pearance, and concavo- convex when viewed 1aterally.i
The wall of the cyst consists of concentric layers

of a substance allied to chitin and probably secre-

ted by the salivary glands and cystogenous cells of ;
the cercaria. The average diameter of the cyst is
+23 mm, and the thickness of the wall is 025 mm, |

The/
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6.

The discovery that this cercaria encysted

on the shell of Limnaea peregra explained the pro-

blem of the cysts found on some Limnaeas sent by
Dr, Annandale from the hill streams of Ulva. The
cysts were found to be identical both in size and

structure with those formed by Xiphidiocercaria C.

in the experiment. Thie question arises whether

Liphidiocercaria A. from Loch Lubnaig and Xiphidic-

cercaria C,from the hill streams of Ulva are not

the same species., A comparison of the two cercarise |

more transparent, with no hairs on the anterior

' region and with comparatively larger suckers. The
| stylet is broader and with an extra reinforcement at

. the base. The caudal pocket is better developed and

the bristles are stouter, The internal organisation
shows marked differences, the pharynx is larger, and
the fork of the intestine consists of a layer of cellé

surround ing a lumen. The most distinguishing internai

| character is the excretory system which consists of

 eighteen flame cells with their ducts, and a compara-|

tively larger excretory reservoir, |

EXPLANATION/
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DESCRIPTION of CAPILLARIA LEUCISCI n. sp.
from the INTESTINE of LEUCISCUS PHOXINUS. LINN.
and also
2 DESCRIPTION of the ENCYSTED “GORDIUS" and NEMATODE
| LARVAE from the INTESTINAL WALL of
LEUCISCUS PHOXINUS. LINN.




13.

HISTORICAL

The genus Capillaria was egstablished in
1800 by ZEDER on material from poultry. The type
gpecles 1is Capillaria ( Trichocephalus) anatis (Schmnk
1790) from ducks. In 1819 RUDOLPHI' catalogued 22
gpecles of Capillaria from birds and mammals, but noﬁ
a single one from fish. RUDOLPHI substituted the |
name "Trichosoma" for Capillaria and subsequent
writers adopted this synonym.

CREPLIN in 1831 mentioned one from a Cypri—
noid fish in his "Observationes deg Entozois". No
" description however was given.

DUJARDIN in 1843 described several Tricho-
somes from mammals and birds. Among others he de-

scrived the female of a new species, Trichosoma to-

mentosum from the intestine of Scardinius erythroph-
thalmus Linn., and Idus melanotug Heck. DUJARDIN be-—
lieved CREPLIN'S specimen from the Cyppinoid fish to
have belonged to this species.

0. BELLINGHAM in 1844 gave a list of Tri-

chosomes in his "Irish Entozoa" and proposed the

name of Trichogomum gracile for a Capillaria he found

in/
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in the hake Merlucius vulgaris Cuv,

In 1873 VON LINSTOW described a new spe—

cies from Blicca bjoerkna Linn., and Lota vulgaris

cuv, The females were immature but he was sble to |
establish that they belonged to 2 distinct species

which he named Trichosoms brevispiculum..

In 1886 G, FRITSCH described another spe—j

cies Trichosoma papillosum from Malapterurus elect—

ricus Lae, This specific name was changed to fri-

tischi by TRAVASS0S, in 1914,

The last Capillaria described from a fish

was Trichosoma tuberculatum from a ganoid fish Aci- |

penser ruthenus Linn., by 0., VON LINSTOW in 1914,

The five species of Capilladbia from fish

thus far described are:-—

NEMATODE, HOSTs
1 Capillaria tomentosa Scardinius erythroph-
DUJ, 1843, thalmis L,

Idus melanotus., Heck.

2 Capillaria gracile Merlucius vulgaris Cuv,
BELLINGH 1844, 7

3 Capillaria brevispicula Bliceca bjoerkna Linn.
0. VON LINST 1873

4 Capillaria fritischi. Malapterurus electricus
FTRITSCH 1886 TRAV,1914, Linn.,

5 Capillaria tuberculata Acipenser ruthenus
0. VON LINST 1914 Linn.
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DESCRIPTION OF CAPILIARIA LBWCISCI N.SP. FOUND

IN THE INTESTINE OF LEUCISCUS PHOXINUS LINN.

GENERAL CHARACTERS.

The nematodeg are threadlikey and possess
the characteristic form of Capillaria, increaging
gradually in diameter from the anterior end to the
posterior end. There is no marked increase in the
postvulvar region as is found in Trichuris. The
oesophnageal region is shorter than the postvulvar |
region. Taking the anus and vulva as ventral there |
passes down on each side of the nematode a band,
which ig darker and more granular than the rest of
the body. The bands begin about .lmm behind the
mouth, and extend to the posterior end. The breadth
of the vand, in the § is avout .0l17mm in the ante-
rior region, and .028mm in the post-vulvar region,
and .013-.015mm in the O .

Small wartlike tubercleg are gituated on
thege bands (fig.l tub), and especially in the case
of the 9 increase in prominence posteriorly in the
region of the vulva, where they become very coarse.

Futther back they gradually decrease in sgize and

vecome/
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become wider apart, and disappear altogether a snortl
distance behind the vagina; the band only persist-
ing as a dark gstrand. Some of the tuberclesg are in
rows, but others are irregularly situated. If the
nematode, especially the @, be rolled so that it lies
on 1ts ventral surface, the tubercles are seen as
small projections. The cutiele of the body is smooth

and no traces of gtriation were observed.
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ALIMENTARY TRACT. (FIGS. 2, 6 .and 7)

The mouth leads into an inconspicuous
buccal capsule, the wall of which is chitinous. No
papillae were observed. The lumen of the capsule
leads into a wavy tube, about .3 = .4 mm. long in
the ¢, which is not surrounded by cells. The tube
is continuous with the lumen of the oesophagus,
which lined with chitin passes through a string of
vacuolated oesophageal cells. The cells are com-
paratively large with crenulated marging and their
large nuclei contain refringent bodies. The length
of the cells varies from .07 = ,12 mm.,, and their
breadth from .027? mm.— .04 mm. The diameter of
their nuclei varies from .02 — .05 mm. the oesopha-
geal region is about 3 mm. long in the ? and 1.5 mm,
in the Ga. At the beginning of the post-vulvar part
of the body, the oesophagus passes into the dilated
anterior part of the intestine, which consists of a
gingle layer of cells, roughly hexagonal in form
when viewed from the dorsal surface., The intestine
takes an almost straight course, and passes into a
muscular rectum, which opens by the anus subterminal-

ly. In the living condition the nematode is whitish

and/
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and resembles a fine piece of cotton. In the naturgl
medium, the mucus of the intestine, the male was
spirally coiled and difficult to remove, and the

three females were sinuous in form. The oescophageal
region of the female was generally locosely coiled, |
and the extreme posterior end straight or only |

slightly bent.
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MALE ( fig.3)

The &' is mueh smaller than the §, having
a length of about 3.38mm. and a breadth of about
.047mm. in the testicular region, and about .04mm. at
the posterior extremity in the region of the gpicule.
. The posterior extremity is slightly bent ventrally.

There 1s a single coiled testis, which is
bulky, occupying most of the posterior region. A
gingle blunt spicule (Fig.4,Sp.) is present. The
head of the spicule is about .0l3mm. broad, and the
lenghh of the entire gpicule is .26mm., and the maxi-;
mum breadth is .0Imm. The spicule is surrounded by
a sheath, about .013-,014mm. broad, which is finely
striated transversely. The sheath was not observed
in an evaginated condition. The rectum is gituated
ventrally to the sheath and spicule, and opens by the
same cloacal opening subterminally between the poste—;
~rior lobes.

There are two posterior lobes(figs.4 & an?
supporting a feebly developed membranous expansion.
Anterior to these lobes are 2 smaller supporting 1obe§

one on each side of the cloaca. Under a high power 4

round structures are visible on one side (£ig.5 x),

' and these are probably nuclel.



g5.

FEMALE.

The § is only slightly coiled and longer
than the d It has a length of about 8-9 @m., and ;
a breadth of about +013 mm, anteriorly, and a maxi- |
mum breadth of +06-+07 mm, posteriorly. The poste=
rior extremity is blunt and straight or only slight—.
1y vent (Fig. 7).

There is a single ovary, which begins in
the rectal region and extends anteriorly; it sudden-
1y thins out and becomes bent on itself for a short ;
distance and then continues anteriorly again as a |
broad uterus filled with eggs. The uterus passes |
into a muscular vagina (Fig. 6,Mus. Va,), which opens
by the vulva on a slight elevation about 1/3 of the
length of the body from the anterior end., The 3unc—i

tion of the oesophagus and the intestine is a little

anterior to the vulva, and at this Jjunction are
situated the "pyriform glands". The intestine passeé
into a muscular rectum «085-+07 mm, long, which opens
by the anus subterminally about «013-+02 mm, from |

the posterior end.
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THE EGG (FIG. 8).

The eggs are of Trichinellodd type le. more
or less lemon shaped with flattened poles. The outer
shell ig radially striated. The surface of the egg
hag a pitted appearance due to little depressions.
The shape of the eggs wvarles from a lemon shape to
a oblong lozenge shape., Some are glightly constrict-—
ed in the middle region, but not characterigtically
80. The eggs in the distal part of the uterus show
no embryos and are probably deposited in an early
stage of clearage. The eggs in utero measure .06~
.064 mm, in length, and .028=,03% mm. in breadth; the
shell ig about .003 mm. in thickness.
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CONCLUSION.

By a comparison of the six species of Capil-i
i

larie from fish it will be seen that there are six'i
main points, which distinguish the different species
from one snother.

These are :-
&. The nature of the cuticle. 5

b. The presence or absence of bands, and |
of the structures on them. '

Ca The length of the oesophagus, and the
nature, and size of the cesophageal
cells.

d. The length and shape of the spicule,and
the nature of the sheath. ,

€« The shape, nature, and size of the egg-.

gt The different hosts.

By comparing the dimensions, it is evi-

dent that the femslesof C. leucisci and C. tomentoaa

practically correspond in size.

|
The points of difference which separate
!

C. leucisci from C. tomentosa are :-

a. The unstriated cuticle.

b The presence of two lateral bands with
tubercles cnly.

c. The size of the oesophageal cells (in
comparison with Duyardin's drawing ,
where the cells are wider than 1on@.

d. The distance of the vuvulva from the an=-
terior end.

€. The absence of a distinct and character
. istiec eonstriction in the middle of

the egg.
f. The different host.
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ENCYSTED LARVAE in the WALL of the INTESTINE

of LEUCISCUS PHOXINUS LINN,

While examining the alimentary tract of

Leuciscus phoxinus a number of encysted larvae were

observed in the wall of the intestine of one speci-
men, A microscopic examination revealed the pre-
sence of two kinds of encysted worms, minute Gordius

larvae and nematode larvae,

THE GORDIUS LARVAE. (Figs. 1,2,3 & 4. ).

The larvae are minute and surrounded by a |
thin membranous cyst wall, They may reach a length ;
of .04 — .14 mm. and a maximum breadth of .0l — ;02 |
mm. The larvae generally assume a hook-shaped or a |
horse-shoe ghaped outline in the cyst (figs.l,3 & 4.)
The anterior end is armed with hooks and is usually |
thicker than the rest of the body. The afmature |
consists of chitinous, thorn-shaped hooks about .0054
.007 mm. long, and thegse are situated in three trans-
verse rows df gix hooks in each row. Frontal and
lateral views show the hooks to be directed back-
wards, and those of one row to alternate with those

of another (figs. 1 & 2.).
The/
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The anterior armed part is introvertivle
and the nooks are only clearly wisible, when this
part 1s completely everted. Besides the hooks there
are three rod-like stylets .,013 - .015 mm. long,
which are situated in the wall of the provoscis.

The proboscis is also capable of being everted and
the anterior points of the three stylets can be
pressed against a surface. The cuticle of the body
ig thick and covered with transverse grooves, wnicnl
are more prominent in the middle region of the body,
where the marging often present a gerrated appear- |
ance. The posterior extremity rapidly diminishes

in thickness and ends in a sharp chitinous point

about .005 mm. long.

INTERNAL ORGANISATION.

Posterior to the proboscig there is a
short tubular structure, which appears to be an |
oesophagus. No internal structures are as yet dif-
ferentiated and the string of cells in the posteriof
region of the body may represent the intestine.
These cells are connected with the cuticle about
.005 mm. from the vbase of the posterior spine and
this connection probably represents the anus.

REMARKS/
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REMARKS .

There is no doudt that these Gordiusg lar-
vae find their way into the tissues of their hosts |
by penetration and that the stylets and hooks play
an important part in the process. Gordius larvae
are generally found in Coleoptera, Orthoptera, in
larvae of Diptera and in many other groups of in-
gects. They have also been found in Arachnids,
Molluscs, Crustacea and in fishes belonging to the
genera Cobitus, Petromyzon, Thymallus, Aspius, - |
Coregonug and Salmo. Encysted larvae have even beeq
found in Amphiblia, Aves and in man. The-vertebratei
nosts in these cases are probably infected acci- i
dentally as a result of feeding on infected 1nsects%
and their larvae. |

The above described Gordius larva re-
sembles the drawings of Gordius aquaticus (Dujardin)
made by A. Villot in his "Monographie des Dragonnaux®

The species found in Leucigcus phoxinus belongs to

o - ) ]
the Gordius aquaticus group, characterised by a
single posterior spine and three transverse rows of
hooks in the anterior introvertible region.

THE/
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THE NEMATODE LARVAE. (Figs.l,2 & 3.).

Numerous: encysted nematode larvae were .
found in certain parts of the intestinal wall of the
infected minnow. The cysts are oval or globular
about .07 - .08 mm, long and ,04 - ,06 mm. broad;
the wall being about ,005 mm, thick. The larvae are
usually in a coiled condition as shown in figs. 1,2
& 3, about .2 - .3 mm., long and .015 = ,017 mm, _
broad. The anterior end 1s armed with a chitinous,é
boring spine about .,014 - .02 mm, long of which .005
-~ .01 mm. project forwards outside the vbody. The |
body gradually tapers to a blunt and coiled tail. |
The cuticle is comparatively thick and sﬁootn with—f
out any trace of gstriation. _

The internal organs are not yet dirreren—:
tiated and in stained mounts a cuticular tube about
.03 mm. long can be seen ln the anterior regilon,
aﬁd this may represent an cesophagus. The rest of
the body contains numerous cells as shown in fig. 3.
A characteristic feature of all the stained speci-
wens 15 the compact mass of cells immediately pos-—
terior to the oesophagus. There 1s another mass of
cells in the posterior region. The intervening
space contains scattered éells which probably re- .

present/
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represent the integtine, but no definite structures

were observed,

EXPLANATIONS/
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THE FOLLOWING LETTERS APPLY TO
ALL THE FIGURES OF THE CERCARIAE.

Anterior Bristles.

Anterior Excretory duct.
Antero=-lateral Arm of Excretory Vesicle.
Antero=lateral Vessel.

Anterior part of Excretory Vesicle.
Birth Pore of Sporocyst.

Caudal cell of tail.

Caudal Duct.

Cells from which Cercariae arise.
Nerve Sheath cell.

Cell of parenchyma.

Distended parenchymatous cell.
Cuticular cell.

Cuticle.

Cystogenous Cell.

Diverticulum.

Eye.

Epithelial Cell.

Epithelial Layer.

Excretory Pore.

Excretory Vesicle.

Flame Cell.

« Flame Tract.

Gonad.
Hair on body or tail.

Fork of Intestine.
Mouth.

Mem. /
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Mem.

M.L.
Na
NeGo
Oes.
0.S.
Ov.
Pap.
P.B.
P.E.D.
Ph.
PaVe.
R.
S.
S.D.
S<D.0.
Ser.
S.Ge.
Spe.
St
T
VeSe
V.

|
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THE FOLLOWING LETTERS APPLY TO ALL
FIGURES OF THE CERCARIAE. (Contd.)

Membrane lining cavity of sporocyst contain- |
ing the cercariae.

Muscle Layer of body, tsil or sporocyst.
"Nib" of stylet. _

Nerve Ganglion.
Oesophaczus.

Oral Sucker.
Ovary. i
Papillae. |
Pocket Bristles. i
Posterior Excretory Duct. ;
Pharynx or cells simulating a pharynx.
Posterior part of Excretory Vesicle.
Ridge of sporocyst.

Strand connecting embryos to wall of sporocyﬁt.

|
Salivary Duct.

Salivary Duct Openings.

|
Serrations of posterior part of fork of tail.
Salivary Gland.

Spine of ventral sucker and cuticle.
Stylet.

Testes.

Ventral Sucker.

Wall of cyst




FIG.

FIG -

FIG.
FIG.

FIiG.

PIG.

FiG.

FIG.

FIG.
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EXPLANATION OF THE .FIGURES OF THE
FURCOCERCOUS CERCARIA. A.

The anterior part of a spogrocyst to ah&w
the ridge birth pore and the mass of
cells (Cg. 5 from which cercariae arise.|
x200. ;
|
|

A portion of the epithelial layer of a
sporocyst.

The cercaria. x120.

The body of the cercaria. x800.

The ventral sucker with the 3 rows of
spines. x1000.

The outline of the body, showing the

position of the flame cells, ducts,
and the excretory vesicle. x800.

The tail, to show the hairs, the large
caudal cells, the four flame cells,the|
ducts in the forks, and the main caudal
duct. x800.

The posterior part of a fork of the ¥ail
to show the dorsal and ventral serra= |
tions. i

Transverse section through the pharynge
region of the body,showing the cells
grouped round the oesophagus,and simulr
ating a pharynx,and also the position |
of some of the cells under the cuticlel
and in the parenchyme,

Transverse section of the body made post

- terior to the birth pore to show the |
layer of cells (Cg) from which the cers
cariae arise the internal lining mem-
brane, two embryos, and the strands |
joining them together and to the membrane.
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FIG.
FIG.
FIG.

FIG.

FIG.
FIG.

FIG.

FIG.

EXPLANATION OF THE FIGURES OF THE

‘The body of the cercaria. x800.

100,

XIPHIDIOCERCARIA. A.

The outlines of 2 cercarise. x120. |

Dorsal and lateral views of a stylet.
x1000.

The outline of the body showing the
position of the flame cells, the’
ducts and the excretory reservoir.

An encysted Xiphidiocercaria. x120, ;

Transverse section of the body through
the pharyngeal region, showing the
nerve ganglia, the pharynx, the nerve
sheath cells, cystogenous cells, cut=
iculsr cells, parenchymatous cells |
and two distended parenchymatous ’

cells. (Cp.d)

Transverse secticn of the body through
the anterior margin of the ventral
sucker showing the ovary, salivary
glands, cystogenous cells, parenchymar
tous cells and cuticular cells.

Transverse section of the body through
the antero-laterzl arms of the excre=-|
tory reservoir showing the ovary cyst«
cgenous cells, parenchymatous cells ;

and cuticular cells. i













EXPLANATION

FIG..
FIG..

FIG..

FIG..

FIG..

FIG..

FIG.

FIG..
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of the FIGURES of FURCOCERCARIA B.

The: cercariae. X 120,

The anterior end of a cercaria, showing
the 1lip-like structure, and the five
pores: of the galivary ducts on each
gide of the mouth. X 800..

The retracted ventral sucker. X 800.
The vody of the cercaria. X 550.

A lateral view of the body showing the
pogsition of the salivary glands. The
ten lateral glands, and the extruded
ventral sucker. X 550..

A ventral view of the vody,. showing the
excretory system. X 550, !

A lateral view of the body, showing tne
excretory system X 550 ,

The posterior ends of two forks, showing
the clear cuticular tip, the membrane,
the duct with the short diverticulum,
the external opening at the base of |
tng tip, and the cells with processes!
X 300
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EXPLANATION of the FIGURES of
XIPHIDIOCERCARIA. B.

FIG. 1. An entire sporocyst showing the two layers
of cells, and the constrictions. X120.

FIic. 2, Two cercariae. X120.

FIG. 3. The body of a cercaria showing the posi-
tion of the galivary glands, and the
cystogenous cells. X550.

FIG. 4. A ventral view of the body, showing the
ventral concavity, the alimentary tract,
gonads, and excretory system. X550,
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FPig. 1,

Figo s

Figo 3

Fig. 4.

Fig. 5.

105. f

EXPLANATION of the FIGURES
of ZEIPHIDIOCERCARIA €,

The cercsriae X 120.

The body of a cercaris showing internal or-.
ganisation X 550,

Dorsal and lateral view of the stylet
X 1000.

A ventral view of the caudal pocket show-
ing the patches of bristles on each side
of the pocket,

The body of a cerbaria showing the excre-
tory system X 550.
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The following letters apply to all the

figures of:- Capillaria leucisci,

Ba.

B. Sp.
Cl.

| c. sp.
Cut.

| Hks.
1.0
1, Jehiale
Int.

M.

Mem,

| Mus.

Nu,

| 0es.

OeS. C.
Oes. t-
ov.

Py Gil

the Gordius Larva and

the Nematode Larva.

Anus.

Band.

Boring Spine.
Cloacal opening.
Caudal Spine.
Cuticle.

Hooks.
Integtinal Cell, j
Intestinal Dilatation. |
Intestine.

Mouth.

Ccuticular expansion of the tail of the
male.

Muscles.

Nucleus.

Oesophagus. %
Oesophageal cell.

Oesophageal tube.

ovary.



P, G

P, L.

Po.

R. B.

Se

sh.
SPp.
st.

Tub.
Va.

V'll.

105. |

Pyriform Gland.

Posterior lobe of the tail of the
male.

Pole of the egg.
Rectum.

Refringent Bodies of the nucleus of
the oesophageal cell. .

‘Shell of egg. i

Sheath.
Spicule.

Stylet in the proboscis of Gordiug
larva. 1

Tubercles on the band.

|

Vagina. I

vVulva, | |
|
|

Nuclei? on the ventral surface be-|
tween the posterior lobes of the |
tail in the male. |

!



FIG. 1

FIG. 2

FIG. 3.
FIG. 4

FIG. b

FIG. 6

FIG. 7

FIG. 8

100.

EXPLANATION OF THE FIGURES OF
CAPILLARIA LEUCISCI N.SP.

Part of the oesophagus with 2 oesophageal
cells, and the lateral band with the
tubercles. x800.

A part of the cesophagus to show two
oesophageal cells with their nucleil
(Nu.), containing refringent bodies ;
aégg the oesophageal tube, (Oest.)
x -

Outline of the male. x126. ,

Posterior part of the bedy of the 8 to
show the spicule (Sp.) and its Sheath
(Sh.) =x550.

The posterior extremity of the 6 to show
the 2 poaterior lobes (P.L.2) the 2 an-
terior lobes (P.L.l. ? and the feebly de-
veloped membranous expansion, (Hem.i

Part of the body of a § in the vulvar re-
gion to show the vulva, the vagina, the
dilated anterior part of the intestine,
the pyriferm glands and part of the
cesophagus.

The posterior extremity of a $ to show
the rectum, sanus, the ovary and the
rounded posterior end. x800.

An egg from the distal part of the uierus,
x800. _













|04,

' EXPLANATION of the FIGURES of the
GORDIUS LARVA. |

FIG. 1. A larva showing the everted anterior end |
with the three rows of hooks, the pro- |
boscis with the three stylets (St.) and

the grooves on the cuticle. x800.

FIGy 2o A frontal view of the anterior end of a
larva, X800.

FIG. 3. Another larva. X8&00.

FIGs 4. A larva with partially everted anterior
egd showing only a single row of hooks.
X500,

EXPLANATION of the FIGURES of the

NEMATODE LARVA,

FIG. 1. An entire larva showing the coiled con-
détion and the boring spine (B. Sp.).
X300.

|
FIG. 2. Another larva. X800. !

FIG. 3. A larva showing the oesophagus (oes.) and
the numerous cells in the body. X800.






