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" TITLE  STUDIES O THE MORPHOLOIY AND DEVELOPKENT OF SOME
~ MEMBERS OF THE FAMILY PARAMPHISTOMIDAE. FISCHOEDER 1001.

In introduction there is & brief review of the literature

and an cutline of the work exbodied in tha-thoé;a.’ ‘I’he t{hesia is

‘!i.divided 1nto four rain parts.

part 1. ﬂa.matoz;oneaia and ea.rly development in quuntccotxla
‘h*rhbwth*zcotxla (Fiachoeder 1901) I‘Iusmrk 1957 . o
| o ihis inaludea a deacriptmn of the s;enitalia., with
particular referenoe to tho fer:'.ale crga.na and thoir ausociated
ducta, an account. of 5amatosonéuia, ezg aholl formtion and the
,; qarlyipleq‘vage diviaiona. - | . |

¥,

- par’t 2. The apeotiiaﬁicf the genus Paramphistorum Fischoedor 1901, |

which occur in the Britiah Ialers, with notea on some rater-inl from -

" the Netherlanda and F Tancs. |

Tvo now Bpacies of Paramhiatomun are deaoribed ard -they

uro comparcd with paramphistorun ceryi (Zoder 1790) Fiachoeder 1001

hit.herto belioved 1o be tha only mammalian paramphiatome occurrin" f

1n t.hia country. Gametobmeaiu and early developmnt are deacribed

briefly and compared with: thr.: proceaeea in Gigantocotzle bathgcotzl

'Iha apeoiaa obtainad from the lmtnerla.nda nnd I‘rance are noted.

Pnrt Se Tha develo;:mnt of the mracidium of Pam*mhintonwn
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Abstract (cont-)

Obaervntions are baaod almoat. antirely on 11v1nﬂ' materml B

!

oo only oowps.rativoly mall numbera of 0338 rmr-e a.vailubla. The

. ;dencription of t.he miracidim imluﬂen notoa on t.he ut.ainins

"raactions oi‘ varioua vital dyoa n.nd on t.ha use of poly-vinyl aloohol“

43 a'zonns Of keepinu the mirn.cidium atill. wit.hout diﬂtwtion.
, 1' Thﬂ I;POWSS of hatchin:; 1@ deacribed in BO":IB detm.l. N

Pa.rt. 4. 'Iha attenpta ms.do t.o infent snailu expm'imcnta.lly nith

i

paramphimomo mimcidia. L T e

An aocount. 1'.-3 given or tha colleotion and cultwing; of

; t.ho ogg.a. L.any hurxireda ot‘ ana.ns or vm'ioua ﬂpeeiea wero emposed

* t:o parémphiatome miracidin. Rasultﬂ ao far hwm boen negative. ,
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IRTRODUGTION

The earliest reference to the occurrence of an
axphistome according to Haszark was in 1764 vhen Daubenton
recorded the presence of one, without however mming 1t. It
wes not until 1790 that Zoder recorded and publiched a dosorip-
tion of a parasite which he called Festucaria cervi, now

perscphistorun cervi (Zeder 1790) Fischoeder 1901. Zedor's
| ﬁ_'deacript.ion was closely followed by & publication by Schrank,
in which ho also described this parasite. Some doubt hag ‘bean‘
throsn on which mas the original publication, Stiles and
Goldberger, and some later authora sacribing it to Schrank.
"Actuanlly it coems certain that it was that by Zeder, |
Sinco then aeveoral hundred specles have been described
' and eight maln asyatexs of classification proposed, with the .

- “result that the whole "Amphistomo problem® has become groatly
conrunbd.*

The chief difficulty has been cauged by - failure to
. azreo on which oharactera conatitute mruine spooifio and

genario differenoes and which are varmtionn in form caused by

diffor;lng mat.hoda of flxation, tho phyaiological st.ate of the

| paraaite im:nediately prior 10 fixnt.ion and itao degree of
| /

| maturity. All trezmtodes aro Bubjact to diuto"tion durin
o killinu and fixing and the paraﬁphlmomea particular-ly t;c, beiny
thick and fleahy and often with a comparatively thick mtiole.
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<he firat serlous attempt to classify the known 'ﬂpecizea
of Paramphintones was pade in 1901 2nd the followin: two yeara
by ¥ischioeder., Unfortunately his observations were limited to
enmallian parasites which madoe them nocessarily incorplete. e
set up the family Pararphlatomidae and divided it into two
aub-fa;mlliea » the Pararphistoninae and the Cladorchince. The
genera and spooles wore dlatinzuishod by such charactors as
tho presonce of & ventral pouch (Paramphiastorum and Gastrothylax)

the relative positions of tho excretory pore and the opening of

leurer's canal,. tho pro'portion of the diemeter of the asetabulum

and tho pharynx. to the lenzth of tho body, the position of the

genital poro, tho lenzth of the oosophasus, the form and poaition
of tho testen, eto.

In 1910 Stiles and Goldboerger deascribed a number of

now genora and speclies and proposed tho second ayaoten of

classification. While uaing sinllar characters for differons

. ‘tictlon ao had Flachoedor they expanded tha ayotom to include

the parasitea of the amphidia. A Superfamily, tho

- Parazphistozoidea, which was almost equal to the farmily

Paramphiato“idae Flechoeder wag erected end this wen divided L

‘4nto three famllios, the Gastrothylaoidao, tho Paramphiatomidae

and the Gaatrodiacidaa. 0f these only the Pararphiutomidae - _
wag further dividgd into four sub-families, the Paramphintomimre ’

‘the Stephanopharynginae, the Oladorchimae and tho Diplodisoinne,

i r it
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Maplostone, in 1923, kept to the broad outlines of the
systen proposed by Stiles and Goldberger, but drastically

reduced the number of genera and species by extenaive

- syncnonisation, which in rmany casas appears to be quite unjusti-

f£1able. As Stunkard has observed, Mapiestone geoned unable to
diatinguiéh between actual differences and those caused by

' methods of fixation etc. 4As a result of this confusion many

1
""""

apecies have bsen rocorded as Paranp hiétdmum corvl and
P. explanatum which in all probability are quite different.

Maplestone only considered the parasites of mammals.

SR Two yoars later Stunkard published a aview of the |

‘"Amphistome Problenm” and proposed & aystenm of classification

! ‘. based on his own observations end a critical gtudy of the

,' ”lﬁite’i-atur'e.{ In this he divided the family Paramrphistomidae into

" nine subfamilies, as followa:-

"DPiplodiscinae O Cohn 1904
'~ Schizanphistominae "Looss 1912 f
. Pararphistominae - Flschoeder 1901
Cladirchinae - Flachoeder 1901
“Gastrodiscinae | .~ Monticelll 1892
Gastrothylacinae | Stiles and Goldber'gez
. Zyzocotylinae . : - - Stunkard 1916 1910
' " Balanorchinae. - ..~ Stunkard 1017
L Brumptinae R T Stunkard 1926

.dn 1929 Fukui ’ working on Ja.paneaa paramphiatomea,

,,’t‘introduced the at.udy of the musoulature of the phar}mx and. the h

iacetabulum 1nto the claaaification, and alao followed up the

]
Ta aiihly it
5 il



‘Bug;;oﬂt.ion rade by Looaoa that the excretcry systen was inportant.
According to rFukul, the Gagstrothyleclinne aro redused from
subfamily to gencrioc rank and are included in the tribve
Parapphistoratines of the subfamily Pararphistominae. lo
rotainad tho other oizht asudfemilies proposed by Stunkard, ond
-erocted two new oubfamilies, the Pfenderinaoc and tho Daldayinno,.
Ho accepted rmany of Mapieatona'a propoaed synonyrs.

| Travasaos in 1934 outlined o systex of cleansification
in which tho sunerfanily Perarphliotomolden Stiles and iloldiaeri;er

':{:ua' ro-crooted. Ho divided 1t into oix familiea , tho

L ;?nra..*tphiptoﬁidne, the Gastrodiocidas, the Oplctholebotidae, the

.-l
b

- *G:yliauchanidﬁe, thoe Ceophanleoporidae and the Uleroscaphidiidno.
Ihe ralationnhipa of tho laat. four ere ctacuro and boyord tho
acape of t.ho preaent. wcrk. Tho ParmpMntomldae voro dividod

| 1nt.o nine aubfo.milies, aogven of which wore tho Bamo as t.hone |
prOposed by St.unlmrd, hut. the aantrodiacima bacane a mmily,
tho ocnizamphlutomlnao became a genus of tho mbfamily

: Glndorchin&e.

stephanOpharynz became & subfaomily and a now
uubfa.muy. theiﬁalitremtima wes erocted for tho sinzlo genua
._;}__,, -
Kﬂlitremﬂ - | S

-

~ After working on & collection of pararphiotoren from

Haloya in 1930 Dawes rovised the 3&:‘39;& parcrrhintorum Fiochoedor
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- account of the corperative anatony of the ascetabulun, the pharynx

. detall, W¥ithin the Paracphistoninac Nameark proposed there

Y e

1001 and Gastrothylex Poirier 1883. In his opinicn much of the
synenomisaticn proposscd by licpleostono wao corroct.,

In 1037 lasmark publiched "A Revianicn ¢of the Trematode
fanily Peramphistonidacs® The firat part of thio worlk ie an

and the genital atrium of the many paramphistones which he

czamined., Hio observaticni woro very oxtensive, nomo two

thousand slidos bveins exacineds The socord part of the work 1o
o pysten of classificaticn bogod 6:1 his anatomical obscrvationgo,
ihe choraocters on shich he divide‘a thios subfomily up are mainly
thoe ;nuqcule.t.ura} of the acatabﬁlum, tho pharynz end the genital

- atrium, which havo tho advantage that they do mot vary with
. fixation cr tho anc of the verne Tho £iftoon aub:nmilles vhich

Nagmark proposes arege

-Pooudnoladerchinae | Haczork 19027
Schizamphiotominae l.ooso 1012

Btichorchinane Naomarlk 1037 i
Clecdorchinao Fischoodor 1901(reduoad)
pfonderinne Fukui 11920
Diplodlacinne Cohn 19504 “
Jyrocotylinae ~ Stunksrd 1916
Balanorchinae ,. Stunkard 1917 .
parasphistoninae ~ Fischooder 1901 A
dJagtrothylacinae | | Stiles & Goldborpger :IOJJ!ZOg
Bruzptiinae © Stunkard 1925 | )
vataoniinae | -~ Nasmark 1937 f t
Gaatreodiscinae .f | - Udontlcelll 1892 g
Paeulocdiscinae o Hasmark 1937
8t0phanopharyngima , o 8tiles & Goldbarger 1910-

'Iiaamark canrined himaalr to prelimina.ry notoo on all the

. pubfazilies ‘but. the Par&mphintomime which ia dealt with 1n rrea.t | ‘i
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should be nine genera, namely!

Pararphiatomum Fischosder 1901

G‘I"‘ﬁ antocotyle | - Nagnmark 1937 .
Caliconhoron Ragmark 1937
Uo%ﬂogﬁoron S8tiles & Goldberger 1910
Ugandocotyle Xasnark 1937
Cevlonocotyle gasmarﬁ %gg';

Rﬁoco‘ﬁzIe a.smar

Buxifrons Nagmark 1937
Macropharynx Bammark 1937

vhile it might appear that Nasmark oreated a large

nunber of new geners on comparatively slender grounds, his

| \
arguments are very convincing. The varlious acetabulum, pharynx

and genital atrium types are, from his descriptions, quite dist:lnct.

- e.nd where there is & fairly constant combination of two or more of

‘.‘\
theae characters it is reasonable to assume that they congtit.ute

’!.'n
Ny

a.fgenus. Nasmark also takes into conaideration the geographlcal P

distribution, the location in the body of the host and the othgr

enatomical featizr,ea such as the arrangement and form of the

'_tastes, oto.

Before em‘barking on the experimental work deaoribed

S 1n this theals o considerable time wos spent. in exa.mining; t.he

| slidea of paramphiatomea in- the colleotion of t.he London 8011001 of
| '_Hygiene and 'I‘r'oplcal Madicina. It. wag found t.hat only by usins

v
1 L [ -

f‘ba 1dent1ried. Only one aspect of hia work seems t.o bo of -

doubtful va.lue; he asaerts that the number of unit.a 1n the bendg

| of circula.r muscles in t.ha acetabulum are Zore or 1eas conatant
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within a glven spocies, This pay te true of en oxactly redian
Sagittal pection but it soems that os the dorsal end ventral

ciroular nugclos as seen in sections diffor in nuzbor but are

in feot contimious around the acotabulum ednmoe oplitting of

bundlos must occur. Oonascquontly cucoeasive sectlons roy, end in

fact 4o, chow slightly different nu-beras. It is often irmposaidlo

to bo certaln vhich of a seories of sections io wedian, so that

~ counts made of musclo bundles may be mislesdinge Since lNasmark
o 1aotua.lly cakes littleo uae of thene nuzbera for Bpeclﬁo diaznosia
- this doos not dotract from tho value of hio uork. In support of
s ,;ug geparation of a large nucbor of geners ond spoclca 1t 1o
| . 1'ﬁ£eraat1m t0 noto tho extrome specifioclty of parawphistono

| hirucidia for particular snall hosts which verlous workors in

t.hiu fmld have roported.

The &in of tho work doscribod In tho four rain parta
of thia thesis was two fold. Firstly 1t was hoped thr.t & rore

| demilad at.udy of the morphology, and particularly of the
oytolo,y wculd shed nore nhht on tho taxonony of tho groum

’aeocndly that the lifa cyole cf P. cervi in thio country could
. be worked out, togother with the detalls of the aem-cnll cyclo-

| Ag far g tho rirat. object was concernod the chief difficulty

_enoountered wag that of obtaining mwﬂu suitably Pized fon f f
cytologicul atudy.

For the gecond paranphiatomaa are -

ocmpara.uvely rare in this country and conamem‘bla time t'.nd

'

e A Raila W 2
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enorgy was ozpended in obtaining material and in t.rying' to

traco 1ts exact souroe in order that a nenr‘ch could de nade

for the intormediate enail host. A number of other werkers

have very kindly given some of tholr material for this
inveatigation and it was while coxparding the variocus collections
Itha.t, it became apparent that not ono but three spoclon were
present., JNo infoectod snalls were cbtained, bui an mony ei3a
--ﬁ_;s possible were collected and cultured and soveral hundred

"~y
!

'pnaile of various species wore exposed to tho miracidla thus o
ocbtalined.

purinz these investigations pore fifteoen thousand
: gorial soctions were cut, stained and sounted and examined
;:‘undqr the microacope and several thousand eggs were collected
| by a_edimontation*frcm faoces and from adult vorma obt.a;ined on

poﬁtzﬁarton examinaticn. The rosulta aro doscribed 4n Parts l-4

.. of thiﬂi t.hesia- : )

1 q:*. LI f ] H'
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GAUETOJENLSIS, ond FARLY DEVELOPMENT IM .
JTANTOCOTYLE_BATHYCOTYLE (Pischoeder,1001) Masmark,1087.

INTRODUCTION

The ay\;tolo,y end gern ceu cyalen oi‘ digmouo -
trcmtodes a.ra of particular 1nt.er'est. in view of their oor:plicnted
| 1:lfa historics, their hermaphrodi.tiam a.nd the difficultlea 1n

taxoncmy of these parasites. S v

| f' There Gre numerous differmt c»piniona on aynono"y in
t.he family Paramphiatommae es axproaaed by Plaschoeder (1901 otc.)
mpleatone (19‘..3), Stunkard (1925), Fukuitlg 29), 'rrava.saoa (1954): ;
Dauea (1936), and Ha.smark (1937). uoat- of.‘ thene conaider differant.
~ characters to te of generic e.nd apaoifia importanoe. L

It 1a hOped that mrmer 115111'. will be ahed on tho r
quoation by maa.ns of datailed studies on the ohromoaomea a.nd p;em

coll oyolea in a num'bm' of oloaely relat.ecl menboers of the family.
Thiﬂ pape:- deals Wit'h the prooesaea in Gigantnootglo bathxcotzu »
- (Piuohoedev, 1901) mamrk, 1937, o |

| Bome diffioulty wes axperianoed in identifyins the -

mﬂ-terial. Aft.er- at.ud:.r of & 19.:-30 number of. alidea 1n the ooneo; |
tion of the London School of.‘ Hysieno and 'rrOpioal Hodicina, it

i

appcara tlmt the olaaaification prOpoaad 'by Hnamark 1n 1937 1n ‘ff |
‘ relia.ble and the moat oaauy workable. Por the purpoaoa or tho

preaent. paper 11. is aammod tlmt Giwtoootzlo bathzcotxle 13

mt- Bynomun wit.h 3 1 antooot. lo Pnr hintom 2. lmawm. .
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‘As meny of the. earlier p&pm‘ﬂ which give un e.ccouht |
of gamatogeneﬂlo appm to bo baaed on different 1nterpretationa

~of nuclear diviocion, 4t 1n proposed to givo a deﬁnition of torma |
” used in this pc.per.
L@toterx correaponda to the earlieat part. of mitotio

Thoso nra bteged on thoaa given by Fhite (1946).

pMph&ée. Tho chx'omscmea aro very lcng nlender threa.da with
| mmeroua chromomeroa diatributed a.lom thoir lenc,th. Accc;rding
to ’ahite, Darlinston beuwea that t.ha chromosomas a.ra umpl:lt
st thio time, an:l that thm oonatitut.ea a diutination of primary
‘mvartance batwmn 1eptot.ma end tho corres;:onding sta.c'e of
’aomatio mitoeia. , T ‘ ‘
Zmot.e,n, ;Bl the homologqua chromoacmea noma together,
aide by eida, tlroughout. their cmtire ‘.length. '

| ohzgen ; t.he pairin_, proceaa is comploto. Tl-e
‘Vappearmce of the chomosome tireads resembles that of nid-prophaae

T

chromoaomea at ritoasis.

Diglotene; thu attraction batween tlm homologoua

ohromoaomea poens to md and t.he paira sepa.ratu, rminin.g held
together by nlﬁasmatn. | T S T X

_.. Pl&wl °°I‘reaporﬂn t.o 1ato propluae d‘ aomatic :
mitoeia.j -. e |

t“,

nivalenm__]_ tvo homlc;oua chromoaomea hhioh havo
o oomleted t.ha prooosa of pairins and ﬂppm!' as one Mr-
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1’I1TE11ALS M!D MBTHODS #

Tho materiel ﬁa’q”coneéfoa fron the ruzen-of Bos indious
at tho Colombo Lunielpal Slaughtor Houso, Coylon. It was fixed
in Carnoy (63331) and prosﬁervéd in 007 {alc*:ohbl.” ‘ ; _
E o hater':lnl for aectioning vag ewbedded 1n parafﬁn wa.x o
t:lt.h carésin, cong,aaling point. 5200 or !5400, a.n 1t was found t.hat.
aftcr embeadins in o wax with & hiaher consealinp point., t.he *

mterlal bec&me very brlttla. L 1 R

.:ections for the purpoae of 1dent.1fl ca.tion and at\xly

"*of gonoral anatomy wera cut at 20 /u-' an:i atai.ned in Bore.x-cnrmine

or I:hrlich's Haematczynn, with Eosin ag Oounterngtaj_n,

.. ¢ - Pep deucnstration of npermatosmaala. sections were out.

'4-3 g 1n thickneaa and at.ained 1n ﬁeigwt'a Iron Hamatoxylin and

uaidenhain'a Iron Haematoxynn mthmt count.a--at.aim Most
*Batiafactory reaulta wore obt,ained m.t.h Heidmhain'a Iron Ha.ema,.
: ,t.o...ylin, ualns the followin, methodt

‘ -

s “ordnnt aectiona ror t.wo hourn in 5,: 1ron alum aolution

.' in 50,» alcchol. Stain for 12,-15 houra in 1}‘# hnomatoxylin, o
difrerentiate with 8 aa.turat.ed aolution of picria noid in '70

alcohol. Thio differentiat.ion 13 vary rapid and ahould be wa.tchod )

- *\mder a binocular microaoopo.

For demonatration of oogenoaia a.nd early devolopmmt

aeotiona war'a cut. 412 &, in thimmou n.nd atuinod nith Waigurt'
Iron Hamtoxylin, Heidenha.in's Iron Haemtoxylin, without count
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The ¥Foulzon staining rcaction was tried m‘th l1ittlo
succeas. According to Britt (1947) it iu Te) I aatinfacr; ory if
raterial is fized for fiva minutes in carnoy, folloaed by tvo .
houra in Son Felico. \"u!wn noreo f‘ronh matwial 13 avaua‘blo, it |
is hoped to try this technique. |

Except whero otherwloe at&ted, all drawimn were made

’

"with tha aid oi‘ 8 camora lucida.

AHA‘IOHY OF THE QLRITALIA

!

. Thére are two teatea lyin{, ono behind tha other, t.he Lo
»oaterior tending to be wed e-elmped. - Both are vesry alig,’ntly lohed

.

nd smooth 1n out.line. A vas deferena runa a.nteriorly from each

wr ht..l;’: F

,eotis Joining to rorm & long, thin-mlled veaicula. aeminnlin. In_-

nature morma thia 1:3 pa.ckod with spermatozoa. a.nd r-uch coiled.

vesicula. ‘soninalls loadn int.o o pars musoulosa which io mt~very

atron:;ly doveloped and this 1n turn pnasea into & pars proastatica.

Tho cells surrounding thia par't of tho duot a: rce vory closoly . f{
hiatolozically wit.h thoae of uehlia 51and. Fro" t,he parn proutaticui

|

tho ductu:a o]aculatoria opens into t.ho gon!.tnl a.t.rium. o s !

The following aro memurc ents taken from thiok hand

aoctiona. “Al11 the worma are r:ature o.n'l there in vcry litt.la

\

va.riation 1n sizes ‘
| | * Antarior toatis. Poaterioz' testia.

Lenoth (anterior-poatarior) | 18 me B s 1 r::m. |

D@pth (dorsal-ventral) | ri 21.5 jm- - 2.5 !!!TUJ;J |

brosdth (side-otde) . 2dmm o ms o



Fornle (Figa. 'n,S) :

The single ovary lles postericr to the tosten and doraal

to tho aoetnbulum. It is pear-gheped and neuﬂuz:ga about
0virmzltn 1 LT Oogorﬂ.a form a cap (Seo Fig. 5) ‘opposito to“f

tho opening of tho ov:lduct. ond ocoupy about ono. third of tho ovary. 1
Tho oviduct. 13 ] slightly collod narrm: tu'ba runnin:;
poateriorly, dorsal to uehlis gland, It 1o joined by Laurer'u -
~cam1 out.ﬂidc Yehlis gland, thus difforing; from Fn.nciola. hmatica. .
1n which tho two ducta join vithin tha glanr:l (Bt.ephenson, 1947).
:Lﬂ-urer'n canal ogena to tho oxterior on the dcrnal surface, 1n theh

mid lino, about tho 10vo1 of tho ovary. (See Fig.ﬁ) MNo Bpermatozoa.
nor surplua vitalnna mat.er:lal have been found in Laurer'n oanal.

,The oviduot runa into uehlia gland, where it 19 Joined by the vltel:‘
. 1ine duot a.na forms tho cantral ohamber of t.he glnnd. Tho |

| diameter of t.hla is very va.ria.blo accordin* t.o t.he nu..fbw of
vitellino colla Which i1t contains, l"o valve Bmh an thn.t. deacri‘ued

by Stephenacn in V. hegatica ha.a 'been obae ved, - @ B
ﬁ ‘Ihe ut.orua 1oa.da frox t.he cent.ral chamber end p&sseat ,
antéfiorly. In the moat proximal part of tho ut.wus tho ozaa lie
uin,ly, but. bocome closely paoked in the more diat.al po"ticnm
Thore ia mithar ) receptuoulum aaminia nor a reaep-
'* t.aculum uter'imm, but in all tho apeoimena sectioned thare nppeara :

- %0 bo ona o3 1on of tho uterus 1nto which sperratozoa a.ro conoen-

~ trated, Tnm 100p 1199 batween tho pouterior berder of t.ha teatia,



EEY TO LETTERING

a - agetabulum -
£l = anterior 1init of acetabulun
0 =~ gut coecun

cC = contral chanber of Uohlis' glund

@ = excretory bladder

£ = fortilisation ponbrane

J - Junction of oviduct wlt.h Lowrers canal
L -~ Lourera canel

Lo - oponins of Laureran canal to oxtcrior
M = Kehlls glond - |

0 = OvVary

00 = QOoCyte

. od = oviduct

. 03 «~.c0ogonia |
o8 = f£ilrous layer aurrcundinv ovary

..oV = 8330 in utorus

~ pronucleus
pbl = first poler body . - . .
pr - propazatory cell | s
8 = spernatozoa in uterus ;

B0 - aparmatcaoon in cywplasﬁ of oooyte
sh - slioll '

¢ - tootis

- -to = £ibrous layer uwroundin,;, tontis

- wall of uterus .
¥V = vitelline glands

- .. YO = ywitelline cella

- ¥r -~ vitellino roocrvolr .
W - wull of cmtral chambm' of :.ehlia gland
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Fla. 8. Ovary, Mehlis zland and assooiated ducts reconstructed
from serial sectionas. Dorsal view. Scale only annro-
Xinate.



Fiz, 8. Sagittal section throuzh ovary to show the junotion of
the oviduct and Laurers canal.
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oand thd ovary. Itwmg ot i‘ir'ﬂt. thaumt to bo o race'ptaculm ,
ut.erimn 'but. furthw obaervatiom ahowcd it to be ccrtinucun with

~the uterua and, in coro apeoimens, to cantain e 38 \"mm pachad

with eg;ga tho utorus becomea mch comolutea m'ﬂ oxtcsndn cvcr
| _&lrzast. tho wholo doraal mrf‘aca of the mrm

. A
I e

“ho matraterm, or vwina, iﬂ mt clmrly diﬁ'wcnti ated -
‘F‘mm t.ha raﬂb .of tho uterua and doon n::t. appear to ba vory munaule.r. '
&t opcna into the gonital utrimu Juat balc-;s tho tm.la opunin,,. -

“lif‘,_ z,.emia glund 19 cc*pact BN ora or lesa nﬁ, mioal. The
| rauion oi‘ 1ntm0911u1m' duats 1 nat. un ertemixa £.0 in
(bteph&nﬂcn, 1947).e

F'. henott ca

m-nﬂ-tm

T 4
- s
, o

®ho uwnu.rm are follicumr nna m:t.and f’rcm tha lovol

of tha phn.r;m to tho midaln of the meta‘bulum. !L vitellin@ duct

runa 1n dorsauy ta t.lm acetabulum from wch nide nnﬂ tl‘:aao Join ,
Lo form o vitollina raaervoir ndjaocart. to Lchlm mand. Frcm thiu

O ain 2le duc.t lec.da into thn central oh&mbar of the gland‘

aAmamosEuEsxs . B
&parmto;;enoaiu. (Flag. 4...,«35)_ T

-Tha te...-.t.oa are berdered ‘b,; a lnyer of’ fi‘broua tiaaue‘_&‘
| r:m.ch appeara to be derived from the calla of tha paremhyma. L

o mt.hin t.hia is & 1&;@, from cna to six cena in thiokneas, of . |

- pris :::rdie.l spermatogonias in mature worr_:;a_ the usual thiekne:m.
iB two or thrae oalla. L B | l
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| The nuolci or these oena m'-o muany in tho reatina
atan e e.nd thoro neema to bo no dintinot karyoaoma, (Fl e 40) 0 -
Di*:iaion takos place ropidly nnci 1a a process of norzal mit.oain. :
Aa tho oells ure very clouely paoked and the nucloi var'y conaidaré.-

"bly in size, me...uurc.gent ia difficult. Dur'in*; prcrphasa nuoloi-
m-t.ion of t.he cI“ “osamea bognm (Fii,, 41::).

They becoma viui‘ble
oo doubla thref...ds e.nd 1n cone caaes 11: io poanible to obﬂet've the
paira of chromamcrcc ulor:g the whole 1en,t.h of tho chro orwme.

(113, 40).

- of each chrcmoacmo int.o t.r:o c}:romﬂdﬂ ta.l:oa placa but oo thay

It. 10 mmnown a.t what ntago the lon;;itudiml ﬁplitting;

appo..r a0 dnubla threads, 1t. is befora pvoplmse. | It t:ay bo during

t.he raatim sta*e after the prevloua divmion (Darlin:rt.on,mﬁﬁ) O?-'

- gurlicr, aasordin, t.o 50RO n.u'chora, a8 gi'wn by muta (1946).
As nuoleinntion and apiraliaation ccrtinue the chromo-

nores becoma invioible ond by the t-i*ae mew.phaue 1a reachad tha ‘

chromonomea a.ppear ua corpamt danaely at.ainim 'bodiea. Tho nmleat'“
r.:membrane dinappeara and a apin'no 10 formod; neither éatml myn |
nor cantroaomea l:mvo been ohnawed with oer-té.nty 'but thin ‘nay be
‘duo to tha s...ull ai...a of then colla. In one case & e'mll de.:'l..ly
ata.ined 'bcdy waa aaan ﬁhich won thou,ght to ‘ne o oebtroaomo. At.

1 metmhﬂ.ae t.he chrc:mtidu wparate (m 4(1 tmd e). Yo cmtrom”;a

. m:o visiblo :I.n tJm chromonc....ea. Durin,,f; anaphaao (riz, 4f), tho

'I,‘-IE
Fa

chro...u.tidﬂ mavo cpax't to Oppoaite polaa or the npindle whare th”

: ¢
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: gencala :1: dcacribed by pin D;li Chen (1957) in an"’oniruq lfeniuotti

Bano nection. It 19 posaiblo that t.hin is due to tha dexreo of’

'mtwity or tho worms. Oable (1931) working on vmtocowle 11113115.
| founa thc.t. in mturo worma the primary apcrnatngonia. were J.ocat.ecl

“plana and tnc dauohter cella remin t-oe;ether. Thin rqsults 1n o
| plata of‘ eight cells which are the primary spermamuyten. It 5.9

- 31 Althcu,,h meanurement of cellu, other than nrimry ﬁperma.-

a,ivaa an 1:10& of.' the e.mount of growt.h which talcen plncm

enter into telophaso and two daughter nuclel are.reorganiscod. Thossé

pass into & reating ut.aga ard grow to tho size of tho parent cell, |
(¢1g) 42) ? S

After an unknown number of mitotic divisions tho.cells -

wove fron tho layer of primordinl cpermatogonin 1nto t.he tantia

propor vhore the three apermategonial diviniona take pluce. g 'maro
doea nat seca to be any uoning of tho veriouo stazon in npamato- |
All ate 303 fx'cm primary apermatorania to free apomat.o oa waro

fcund tmouwout the taatia and in many cuaca aould 'be aeen in t.he

-~
1 v » . r i ¢

nea.r th0 ed.:,e of the gomd¢ BRI

I

’ Tha three npermtcgonml divinicna tako placo in the nomo.

ot thia uta_,o t.hat. both nuclei snd canu imreaae conniderably :m 5

taaytea wao difficult, tm:i nat very ucaurate, the following tublo f

4‘\

¥ 4 Y A )
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-
-, am a
= ¥ 1 N
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. aotual pairin _of' homolo, oun chroroaomea wkaa plncm eztre::ely
. raplaly. (Fi ) L # 

Cells in peripheral layer of the tentis.

Prinordiel ond
Prirary Sperzatogonia,

R T L T rWE R F
|

|
Primary Sperrmatocytes|

}

Dianotor Diocmoter hmmter ' bidretcr'

of Cell of Nuocleun . of Cell ) of I‘:ucleuu

Hj_n;i,t“'lm 604/(,. 4 o8 /L.. - Boo/k o " 6’4‘/&
"z:azimum 946 . e e e...r:s/‘~
&VGI’&EQ I | 7.7/~ | 507/(-— . ghﬁ/(-’ - | 703 /f_,

IIo rednction in the mundber or chrcmao es hns ao fa.x' ~*
t.n],.cn placa. L !

Suffieient ntaa’ea of the raduction divinion havo teen

’obacrvcd to indicata that 1t 15 31 nomal meioaiu. L burdng
1ept.ot.eme the chromascmea Locome vinibla ag 1on~' t.hin 'ch:*caﬂﬂ-

H(ri Z s 5) mcy do not appaar to ba double but aza tho chromomerea

ar'e cloaer tobather B.nd not. as distinut a1 in o csrr'osr;onding

gtazo of z..itcsia, it-1s 1Wposmible to bo Oertain. ZY»”;Ot.anG hﬂ.a not. |

baon obacrved vory froquantly so t,hat 1t 80038 111:013' tbat tha

¥

**‘At puchytena, (5‘13. 7) which soems to last ! relatively
10:1:, tlme, t.he bivalenta becor:.a arran;ed as loapa with all thoir

£reo enda toget.her at one nido of the nuclaum " Aocor aingto Y‘hlt.e :

(1946) thm 13 r:. gmuine phenomenon and not a ﬁmtion arteract.
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' Spormatc meaia 1n G bathzcotxle (conm.) '1|

mg. 21. uparm&tad nusleuﬂ becaning cvold amd punhin:* out coll waf

B‘ig. £8, Sparmat.id nuuleua 6t111 woro olenpated and boccmi'zg rore

dengoly otaining, Tho nualel appear to protrude ttn'cuqh
| . 811 walle. . . , ﬂ

%

; £

1 % |
i
g

M. Tall of Bpmma.tozoon boing forrmed from opermatid nuslax a.
| J Uhronosomes 810 . ntill visible aa tulsted threado,

Piz.

A
. )
2 spema.tozcn. bezinning to coil within theo oytoplacmic mggﬁ

1?1:;. .35 Spermatozoa. tightly colled, atill lying on cytmlwmio m}

m;, .aa Bunch of frae Bpematczoa 1y1n§ in tho taatia.
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Bpormatojanasis in 3. bathycotyle

Fig;“h Btages of mitosls in cells of tho perlpheral layer from
vz.ricun BoUTCCs
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kti?i:?;. 0. Diplotcne
Fif’lt‘ e Dih.kineaiu

Fiqn. 10 &11 Firot mataphaaa. Two ﬂectiona mrou h the came .
S group of‘ primary npe"mtocytaa. X, X1 tho Bamo cell,

I*lg. 12. Polar v.to’a of four' prir:.ary ﬂpmamcyteu 1n firnt
. net.uphn.am S

erﬂ'mmﬂgiw.wﬁ'ﬂ '\-..rﬂ;-a_--gE!q ;Lli:*:ﬁ'#’:- _..Tﬁ"'.‘-'-. et B | Lo - -
1 %
— i- _

- *1?1;3.15. Early fir'ﬂt annphnae. Two bivalentu nt.ill rozoin
' | ccnnected amd are Btratched on the spindlo,

M Late ﬁf‘ﬂt anaphaae. Sevon cut of sizt.ean aacondary s
- ﬁparmtooytea ar'a ahown. -

|
:

h
L

m;-,. 15 Interplmaa. ' - , -

ma”. m. pomr viou of sacond mataphaae. Gevéh“out. of sixtoen
| . 09113 BPOWD.Q | | |

n't . t

Fiq. 1'7. uecond amphaae.

L Fee, 18, Ind of socond mturation division. Ohroncnes are otil)
P dlﬂtlnﬂto& | .

o Ma Gb.ro 5ON0EO3 i‘rem tho cell in Fia;. 9. o

Flee

+ Twolve out of uxirt.y-two pperpatid nuolei m tha reatiru
ata,;,e eftor the aeoond mturation divinion.
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*Tho shrorosonos ntill rata.in o. slightly wcolly appearanca whioh 19
not- lont. complotely unt.il the md of diakineaiu. condenaaticn

continues - during diplotene tha pn.ira Open out alight.‘.ly, romininp'

held tcgot.her only 128 cma.smata. and loae theix' 100ped appearance.
(Fl 'Y B) (Aemes mo e H:“*L*r s rm-&"}“ * -~ 57, h | - N

” M AR e o 3 oy iy e vE o SR
) . ) S $ -y
'l:_r .-"ﬂ-'-"l - .ﬁL ot - . ¥ i h ﬁ"., hF h }.'H" d‘-‘..'h" a”l d *,,_?'lr J:-} 'ﬂ- - s -(g ‘y" . -rJ] _ﬂ‘ 'r g‘ _T‘- J., 'IFH q.._‘; = ? !
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LR Tha pairn aprcad out. throu,h tho nualaua at. diakineaia. ;
: (Fig; 9)-:The. nuclear membrano disappaara a.nd o.‘,hepindlo 13 fomed. B

,.;In o few nuolei cantroao“eu ara diatinguiahnblo. 'but- t.hey nre

ext.rmely small u.nd At-1s imoaaible -40: noo u‘ the oentrioles hmre

. ~ S
divided. * o aatra.l raya hmre "baen obaervom i Akl Bt ;t;:-&-t

S chromoaomcs aro now ot thcir muzimtm density s,nd 113
- on. the equatorial plate of. the apindle 1n & - typioa.l mempha“ .

,manvement. (Flza,: 10.11 13) At thia sta. e -the bivalonta aro
| -..,widaly aepa.ratocl“from aaoh other and it in oompa.rativoly aa.ay to

-+ r |
I

a i B -

roount t.hem . There 1a no- widenoo of uny ohro oaomo romining
unpaired and f‘orming a unlvalent.

=k T TREERT e L

.%he homologaua pv.ira aepara.to
ma one ol.romoaome from ovory pa.ir pasnoarto eauh polo. (Figa.ls.m‘

T 'r;r 1!“' =
& *
¥ - #—.‘, H

1,.. The interahasa between the firat. and uaoond diviaion in

. BT TWEE RN - adinat il L Lol
1 +
- 1 '
r

o extremoly nhort. (P18, .15) ;- A8 aoon an- nmplmﬂo 13 °°WP1°“‘1’“*‘“7 -
L donuoleimuon or tho ohromoaomoa prooeod- until t.hoy rosemblo
thoae*in early pmphue of a- somauo mitosia, :'I’heu thbnw:

unzlerao a norml mitotic di.viaion nhioh renulta 1n the formation | t,
of thirt.y-t.vo nuoloi. ut.n the. haploid number or mromoaomeh

(Fign. 16, 17.13). mmm- mombrmn are reroma but t.ho oytoplo,m
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rozaing incompletoly divided so that tho eperratids do not separato
but rezain in a rosettaa (Fig. 20) ,. | :

Sperrmatozoa ore formed from the apermatida without further
-divﬂ‘;la?ion. After & short roasting stage, duriny wvhich the chromcacmea;
do not bocomo complotely invisible, the sperrntid nuolous bas;iriu to -
olonzate. (Fige 21) Tho side towards tho cutolde of tho cytOplaumic
ma.:m becomea pointed and pushes up ng,ainst t.he 0911 Walle It thnn
agppears to protrudo throuzh tho mll, but uhather the woll 4o

| actually mptured. or ntratches to. fcrm 8 thin membrane mmromﬂing

tho 'head! of the future sperratozoon, 1’0 io dzpossible to oay. -
(Figﬂt L&MS)o L ' ) . '5 R ‘ HLJ :-vl,,u Ceo

F *

'ma nucleua oontinuea to olongat.o and to tako Btain n:oro |

donsoly, snd ‘the individual chromcaorzea ‘becone 1ndmt1nguiahable.

A3 tho nuclous becones longer ard’ t.hinner, it coila within the cyto-
| piﬂ-pm{ (D‘igé; L4526)e Finally tho cpermatozos unooil, freo’ tham-

r T T TR '
n
r

‘golves fron ﬁhe cytOplaum tnd pass into the teatia vharo thoy lie
| in bundlos, gradually aeparating and entering the vas defer-ena.
(Fig. 26)s ' | *
.The apermtozoa are lon and throadlike » ¥ith o :r-:all

1ndiat1nct 'hcw.d' Thin ia more apparent in tho apermato oa to be

 found 1:1 t,ha ut,erun than in thoge 1:,'1ng in the teatiﬂ and venicum
aummalis. I o |

":'I.'_f"‘- ,:r\--u'l;l.“':ul. S g n

O It soexs that the whole aperma.tozoon 18 derdved fron.
B n{;clear mteri_al “~but_1t.*‘ is not impoasible fc.hé.t & mall arount of
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.13, the cago in Pﬁrmgonmu's ollicottl and Vicodhoad (1981) working
,on tho Bucophnlidae states thet the cjtoplo.am forma: tho (tnll of
'the operomatozZoon.

* Oogenbnia. (rigo. £7-34) . - . . TR

r—(Figa, .,..7 ""8). . The nuoclol of ths. oooyteu differ from thoae of

whm‘e they beoome nurrounded by vitelline celln .

«]Du

- ‘cytoplaen 1u involvod. This gocis unlikely, however, in view of

-tho fect that the vhelo spermetozoon penotrates the occyteo prior

to fertilisation. A similar gtoteo of effoirs is doscribed dby
Cable (1931) in Cryptocotyle linzua, Andergson (1937) in Proterometrs

racrestorna, Rees (1929) in Parorchio acanthug, end 1arkell (1043)
- in. Probilotroma californicnss. Pin DJL Chen is uncertain if this

00¢onia end primary oooytaa only ore :t‘ound 1n tha ovnry,

t ~t.ho spermtooytou in that thoy contuin a diatinct. karyoaome. Thin

i X uauany upherical but. dooo not appear to bo ho ogenaoua. ‘fho .

poripheml part stains very doeply and 'aithin thia there B.ppeur

to be two or threa bodieu vhich do not utain 80 intonoely. Tho

,oogonin and aocytea are: lorger t.han the correapomlin:, atawea in

aperme.tc;;onania: oogonial divisiona are norcal mitonea. :

" Tho. primary oooytea paos aingly 1nto the oviduc.t whera it
48 sooumed that they are penatratcd by @ epermatouoon althcush c }

-thisg haﬂ not boon obaerved a.nd my not be the oas0. " The . oooytaa l

N trrwel down the oviduct to t.he central. ohanbar of x.'ohlia g;‘.land

The vitolline ~ dﬁ _
00113 than give up theo drops of nhon-foming ﬂubstances from theu"
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- 002 enesié in 3. bathz'ootzle.

R M%cyw ulth fortilisation membrane.
M,, First mntaphane of tho primary ococyte vith tlree

- ris:',. 30. Pricary oocyte - vitollins cells and shall omitted -

<

L Ble, 7. Oogonia in ovary.
R Fim. £3. Primary cocyten 1n ovary.

 Piz. 204 Shell formation. Oocyte end vitelnno cells in the
- .. central chamber of Nehlis gland. o e

£
!
H

5

with spormatozoon in cytoplasme A spermatozoon which hac
falled to penetrate can be neon lyin3 on the surface op
‘the oocyte. The karyosone of the occyte nucleus ﬂppaaz-.
‘denaer then in unsenotrated cells and tho cytoplagnm

beﬂcmaﬂ Lors finﬂly mmllap 1n appmrame‘ ™o ferti._ %t

lisatlon membrane has not yat. been forrced,

bivalents on t.hu mpindle and the epcarmto‘.oon beooming
I'Dunied. . 5 .

| Fir,. 33.  Beoond ma.t.uration dlviaion, with t.ha mmleua of t.he
i‘irnt. polar body in anaphane.

w‘fm:!;. 34 Orgnniantion af the mlo and fermalo pronuclah
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m; 5. Fert.illaed ovum wit.h fusmn nualeum

Fi3. 36. Firat. olw.vaga divisicn. mataplmaeu e
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o33 hao ‘pasged into tho ut.erua.

| falthou _,h o fow nuclei were t‘ound :ln matnphaao.

* cymplc.sn &nd theao drops poos to the cutalde of tho group of 39119
N mmro they conlesco to form tho choll., (¥ig., 29). AL thio atage
tl.J ahall is very plastic.

-

A fou wvitelline. cella Ty rcmn.in out-

Uithin the o33 thc cytoplasm of the vitellim celln
'bmaka down but the nuclel persint for o conuidcrabla tir::e.

oldo tho 030

in the oot proximal part of‘ tho utarua o fcrtiliaation
membmne nppcam around tho cocyte nnd t.he long threadliko

apormatozocn can bo saen within the cyt.c:plaam. (Fim. .so &r 31). It

neems probably t.hat. 1£' tho coayte 1o penotmted ‘by o aperwato”oon

1n the oviduct. t.he fertiliaution r:embrano would be fcrmed ther'a.

N Im, horiever, it ia not npparent. until the oge; 13 in tho utcrua 1t
1u pomsible mat apermtozoa. a.ve enclosed wlthin the ahell and t.Irmt.

pcnatrauon doea not. tako plaoo until later. Thiu mombrane only

peramta for a uhort. t.ine and dlsappeara by the tirzethe epirdle

of tha £irat maturation dlviaion is fomed. (Fig. 32).

| The primary oocyt.e nucleua re:naina unchanzed until the

‘rha aperratozoon mthin tho cyto- -
plaam ‘becomea anorter a.nd broader but reraino a denmly atainimr

compact body for aoma time. | t'ihen the aparmtczoon haa reaohad this

' astage the firat. diviaion of the oocyto nucleuﬂ takea place very
- rapidl}'o‘

None of the e&r‘ly atases of pmphaae have baen ohset'ved,

'A npindle 1s fomod

’a.nd ﬂix bivalentﬂ, ronemblin 3 thoso oi' primry apematocytea, appear

‘*cn the equatoria.l plﬂ»t.a. Anapnaae f‘ollowa an:l tho firnt polur body
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is extruded; this ray, or may rot, divide again, but in ono case -

r....a ohscrved in anaphaso. 7Zhoaro 1s no Mterphano > t.ho secand

divlsion followin,, irmediately aml o secomd polar body 1:1 glven offs
(Pim 33).

Whilo theoo divisions aro taking pltme, tho apermt.ozoan

roun:ia up to forn tho ralo pronuclous and chro"oscml thra“dn

bacomo diatm_miembm. Zhe clmomoaomoa of the aocendo.r,r toocyta

pasa int.o A reatin,, ut,aga el o nuolaar' nambrano iu fcrmod. Thiﬂ

13 tha fe:mla pronucleun. Both pronuclai posneas X oin,:;le karyoaome

and are 1nd1at1n¢uiuhnble fron. one a.nothor. (Fig. 54).

. S #

Funion of the pr-onuclei hag not. been oba ervcad 'but ;1 nuwber

of calln show a aimlo large nualaua 1n n roatin;:; condition, whioh
fi

i oontains two l-:aryosomea, nnd it. 1u aasumed t.hn.t. thiu in o t‘uaicn
| nuoloua. (91 3o 35). -

2 ‘ r
b ]

S ‘I‘a.mzinu or the egg; uhall talmu plaoe graduﬂlly alons; the
o

t:hole 1en_,th of the uterus. Then fir-at. f'ormed, tho thll in not

birefrinoent but bccomea incroa.aingly ao aa 1t travela up the
utarua. (Phot.oamphn 1 & 2). | *

CHRO“O owns (Fi ? 19).,f~u
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It. ia not pcﬁsibla to mko nocurato ccuntu or descriptiona
or the clmcmoaomea nt any ptage before dinkinssie n.nd rat&phaag or

%— mcioﬂiaa At this ataga a1z biva.lenta aro distinmiuhable; 11: is
i thorofore concluded t.hat. tha diplold number of chro caomaa f.‘or thia
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apeciea 18 twelvo, the complezont being made up of oight ahcvt. and

four lona chromosonos, It 1o diffiault to dictinguish 1ndividu:11

chromosomea. '

Tho cnly other menmber of tho family Poramphintorn 1daa *

which haa been gtudied cytologically io Diplodiscus temporatus,

Iin thic fora the cwcmééoﬁe hixnber' mﬁs;r,ivan aa sixteon (Cary, 1009).

OLEAVA3E (Figso, 36-38)

Tha firat clea.vma div1uion 13 a ncrmal mitosia and givaa ﬂ

rige to t.v*o oenu of unequal size, (Fig. 56)e 'meaa probably

and ‘propaaatory' oella deacri‘bed
by Iahii (19:54) in the davolopmf.mt. of Fanciolonals 'bualri. Gimllar

ccrrcapond. to t.he 'ootodemal‘

. collo h.:wo been report.ed in Pa.ms;onimua mllicotti by Pin Dji Ohen

Tho Iurger of ﬂhe

g t o colla then dividoa amin, the propwatory' 0011 remalning

unoh&nued. (Jiga. 37 & aa).

Oﬁin;r, t.c the difficult.y 1n g;ettinﬂ' i‘imtivos to penatra.to

, tha em ahell and the extreme brittleneaa of the nhon which

% reaulta in tearin_s ancl diatortion in tho aeoticna, 11’. hc.a not yet.
. ‘bcon poaaiblo to follow oloavago any further.

SV DRI nrsaussmn-’

The number of p&pCPG on gametcgemaia :ln tre-ntodoa m?

not large. The earlier mork el been a.dmiro.bly raviewed by Brooka

uinca then deacriptd.ons hzwe been publichnd by ca'blo (1031)



in Cryptocotyle tnzus, Weodhead (1031) in tho fanily Bucechalidas, '
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Penn}macl::er (19'*5 'and 1940) in Pnew-onoecsoes nm‘iioplexua nnd P nimili.

‘plexus, Andorson (1937) in Prot.em-mtra nacroatcwa, Ghen (1937) in

Parw,onimua Iallicotti, Reso (1639) in Paror'chis noanthua s ONnA

| "Iiarl..all (19*13) in Prodilotrora californionm.
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“definitinn cf t.e.rma. variationa in appeammeu cauaed by tho urm
| 1iteratura on cytclogy. Tha only aoacunt mich nec o to contain
_;‘thowanpmmm. e T B

. Jt.udiea thn.t tha chromoaomeu am, nt. nny nta e, :I.n the fcm of &

| ccntinuoua apirma Em da.scribed by T’codlwaﬂ, chen and :mderson.

homolosaua chromoacmaa have urxierg,one pairj.ng;.

ihera aro a nucbor of difforenses in thcmo accounts whioh

Boen t.o hnvo arisen from threo ::a.in cauuaa, mmly, & lack of

S e
;o

af differemt. fixativaa and dirrerent mtorpmtationa haaod on enrly

really fmdmcnwl difrerenoea 19 that c,iven by ?Ioodhead (1931) in

It. aamn unlikely in tha 11;;1‘11:. oI‘ recent cytolo::;ical

{ They cm‘tainl,? do not mpoar to he in Glsantocotvm bathzootvlm
Cable atat-ea thnt tho filnment r:ay ko’ o“ntinuoua, but that nuch

_“cantinuj.ty hos not beon tracod. . He alao mtea tha dcuble nppoarance

oi‘ t.ha threuda beforo lcc:ap fcrmation (pﬂ@hjtﬁnﬂ) ehowin.t, tlmt tha » ;

3

ma a.c.count of thc proceas in t.na Buoe-shalidaa viven by |
F.codre...d :I.a mt very olear but, the following dif.'fermces from ot-ht:r

= n...count.a &ro appnrent! B .

| ok

(a.) grcoupn of npcrrntog;onia. mmo befcro tholir nuclei .
- mﬂﬂr&o reduot.ion diviaion. -



(b) The nuolei of the opormatocytes becoze azaller
befcre division takes pleos,

(¢) Tho 6yt0plasm forzs the tall of the sperratozcon.

%oodhoad doos not cay if the wholo of the spermatozZoon perntratos
thé O0CY L0,
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SULMVARY
1. 7Tho anatony of tho genitalia. of quantecotvlo

bathycotylo 1s deacribed,

2e¢ - An cecocunt 1a glven of gamatomneaiu, o3 v;-mhell |
formaticon, and the first wo oleavaga diviaionn.

e Tho orromooone nu:nber 13 given o8 n=6, ’ en=12,

- Acr:r:omﬁmmms |

Tha a.uthor ia 1ndebt.ed to Profoaacr R.E. .;hort.t. for

o ._,al.ing 4t pcuaible ror this work to be oa.rried out o.t tho Lorﬂon
itschcol of Hy;,iena o.nd Tro;:ical Mndicino, and 1o Proraanor .

J J.c. Buckley for conatant advioe ard encoumgcmant. |
. Lmy t.ha.nku arc nlco dua t.o Dr. Ililury cruaz a.nd
Lr. Dlaaamike of tha Univeraity of Ooylon v:ho provmed tho

“ﬂ.tcriu.l, erd t.o Izr. Peater of the Lorﬂon Bchool of nyzgiene and
"‘rOplca.l Ladioinc for toehnical asaiatanoe. =
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THE SPECIES OF THE GENUS PARAUPHISTOMUM FISCHOEDIR 1901

WEICH OCCUR IN THE BaiTIsH ISLES, WITH HOTES ON SOUE
HATERIAL FROM THE NETQERLANDS AND TRANCK.

INTRODUGTION «

It han hithorto been assumed that tho only perarphlatome Q;

porasitising ruminants in the Eritich Isles 1s Paramphistorus
cervi (Zeder 1700) Fischoeder 100l. Tho incidence 1o alight

and only three records of its occurrense havo boen found in tho

1itoraturoc. It was rocorded by Plllers (1922) from a cow in

Choshiro, by Craig and Davies (1037) fronm ﬂhéap in Cheohire and

by Kolly (1948) from cattle in soveral distrlicts in Lire. In

o gpito ¢f this thcre havo bson & nucber of unconfirxed roports of
its bolng round in verious dlastricts. Two vet.erinary sur goon3
atata that they have found paramphiatomaa in the Tunen of shecp |
in Herofnrdshiro. Tho auther hao also ‘ooen wm of" theirboim

fourd in t.ha runon of a cow in this count!w und 1t ma au‘;.:,as’c.cd
tnat. t,he paraait.oa had boen introduced into uerefcrdnhira 'by
Gunadmn Bt.oro cattle. ‘I‘hero dcen not r.ppaar tn 'bo e.ny definite
evidenco for this e.nd 1n viow of tho apecifiaity*fs of the nira-
- cidia for part.icular anail hoata %::hich aeveml workera have
reported it soens mprobablo that - the tromtode wculd bﬁm 'bnan
- ablo to eata‘blinh 1tnelf, Durin;, tho nutum of 1946 the &
E nbe.ttoira at Beretord and Leominat.ar were viaited but. although t

L Li.-h—-ri..—.—;.j temp K A - OO I



rany hundroedo of checp and cattle from the surrocunding distriocts

iore oxamined no paraszphistoman woro found,

iho firast spoclimens of paramphictones fronm this ocountry

vhich wero nsnt to tho suthor woere collactod from £ o0owW in the Isle
of 1ulls During a visit to the island only two beants out of the

tvo herdos whose facoos wore oxamined proved to bvo infected. 7The

faecos of twenty choep which had beon grazed ovor tho sare area
wero aloo exaxined but all vero froee of pararzphiatomo ogzs,
‘Unfortunatoly the infected boasts haé not bocn bred on the island
but bbus;ht. on tho mainland threo or four years proviously. A very

lorgo nuzboer of sncilo of various Bpeoles wore collectod but none
were 1nron1t'.ed." It thorefore seens probable that the right spocios
of ornall to act as intermedlate hoot was rot prescnt am that t.hp
parasite had boen unable to establlsh 1taelf,
Two visits wore paid to the Luniclpal Abatt.oir 1n Glesgow,.

On tho firat occaslon t.braa ruzen o n'om Irich cattlo wore found to
bo infestod and on the gocord out of soneo rivo hundred rumena of

ot.tiah cattle axaminad only one wan fouml to ba 1nfect.ed. M.l the
infoctiona wero haa.vy.t A third collection, bolieved to be from
Scovtish cattile, and throa Colleationa from Eire wore aent. t.o tha

- author.\ It lma nlso boan poaaiblc t'.o emmme tﬁo colleauong frcm
the ﬂet.herlanda and wo fron Framo. ‘

‘Rhilo co*'pa.ring aeations of spacimena from t.ho vm'iouah
eourcea it becovnmo obvioua t.hat t.here uara t.hrea differ'ont apecies |

preaant.. Ona or meae can be mentified accm'dinz to llaamrk'

. 4 =T "-itlll MML}MM'&L Byl A d a2 waid &t r
. m . Ce . - ) . A
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pyatexn of clasolficaticn as P. cervi but the othor two both

phow & nuzber of characters which are differont frou thouso of any
nitherto describod cpecies. Thoy arc therofore rezarded as now,

and nanod ard deasribod boelow,

A vory short account of gamoto3y encnis aml the carly
dovelopmont is also glven.

MATEQTAL AND UETHODS

The poterial collected fron the abattoir, Glasgow, wan

£izcd in 107 forzalin, Bouin's fluid cr Cornoy (6:3:1). The
gpecinea from tho Isle of Hull h2d been fized in 104 formalln,

thoss from Eiro in foumol salino, b7 formalin or 705 clcohol,
thooo fronm the NHetherlamls in 703 alcchol or 10% forralin ard

thooe fron France in 104 formalin,

Bpeaimens for goctioning were cleared in cedorwcod oil and

;}enbedded in peraffin wax with cercsin, conzealing point abaut

G470+ | p
| 'Iransvcrao, horimntal and sagittal) goctiono wero cut,

tho thicknana varyins fron 4- - -10/_, e 7%hoso O - -8/- in thick-

hrnoaa proved moat aatinfa.otory.‘ Thick hord nootiona weroe 0lao
cut. anl o number of ncms diaaeated under tha hinocumr nicroacom

4n order to ahcw the appmmnco 29 tna teates,

Sarial :mc.t.iona wore a:t.a.ined with Ehlich'u h&e'ﬂatonylin |

ei*erts :I.ron hnemto:ylin without. ccunternt.ain or

count.eratainad. with van Gieson'a pluroaaumrucham a.nd

HJH.:F;- mm ru il # s B iy ,fﬂ';"',-’h-*'
e N N ﬂﬁﬁwwm
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KEY LDTTERING.

8 - acstabulum

bcm = basal ,circular muscle

O o gut. capcun .

co = central” chnmbor of. Hehlis gland

co = circular, nuscle’ RO Sl

CU = CULIClE ~ 7 v v R AT e L

do 1l - doraal ezterml circular r.:unole firnt ooriog

do £.«"dorsal oxternal circulaer: muacle,mecond oeries

di - dorsal internal” clrcular musele
‘s = excretory bladder " -

acn - oxtornasl circular muacle

ed - excrotory duct =

cln « oxtornal lonzitudinal ruscle
‘ep - gxcrotory pore

- epithelial coll of teatls wall
£ « fortilisation pentrane

£ « £ibrcus ticsue of teoatis wall
£ - gland cell

£6 = gonital atrium

1 = intracollular dusts

icm = internal circuler rusclo

1ln - internal lonzituiinal muacle

L = Lauror'a canal

Lo « opening of Laurer's camnl to extoricr
1 « Jongitudinal puscle

H - Mehlln gland

- ncn - plddle- olrcular xuscle

n « nerve
nt - nonfidbrous luyer of teatiu wa.ll

. O = Qvary

00 =« gegophasu

- On = oocyte nuoleua

pé ~ papllla
pal - parenohyma
pli = pharynx
pm = para musoulosa
pp =~ pars prostatica
™ - radial muscle
sp - opermatozoon
'st = gpormatogonial tiasue
t = taates -
Y' o— rcservo;r-




K\

-
-
L]
L
L]
-
L
L]
L]
L
L]

Fam A




Heidenhain's iron haomatoxylin without countorstaln, Hard oestions 1
were otalned with Borax-carmine, |
Drawmsé were mado with the aid at‘_e. cemera lusida, Tho
sagittél gections of the two new species are componlito dmﬁings.
Joaguramonta wero taken on whole werma, and on scctiona,

~ Typo patorinl of tho two now spocies is doposited in

ar
4 Sy, e e L

the collection cof the Dopartmont of Parsasitology of the Londan
School of liyziena and Troplcal yodioine.,

Paramp; hiotormm hibarnine NeBD

il i

&eoamghical diatr:lbuticn Iramm s Scotlami, Tho Letherlandm
Hont. Bos taurua. ' S ‘

Hab.tt.nt. Rumen

Eip eeifio dim,noaia . . |
| Lensth 4.0 m, braadth 1.9 m, dorml-vnntrn.l 1.9 Ime. !

|

?

|

~ Dersel 11:16, vary. alightly curg,,}d.
Aaetabulum, interml diametm‘. 0.95 m.

Prcportion t-u beﬂy lenath, 185#7& T?Dﬂp Pﬂ-!"t-‘ nhiatom

o Phﬂrm*z, len;stb. 0‘71 T, Prapm-tion to body lmz_;th, 1:7.7,;.
Typa. mcdiﬁad 1mmhm. SO T

Oeaophama :lem;th u.w m. :

m “9"1"”'1 "-*—"1“«"*’-' Tmn Johikavat on a 1ave1 mm the -
ocaophagua. | ; e s 5312: o S

...
—,
Foa




o Diamoter of opening

A oy b MATETE AR

wDBe-

Testes ono behind the other, small, almost spherical,
extrexoly highly lobed with a puaculer sheath,

Ovary ovoid to aphoericul, posterior to tostea,
Excrotory duot short.

DoegCrintion

jiablt Deforeo fixaticn the worms were pinkich to red,

Thoy were found in large nuzbera at tho botion of tho oeao;:ha;;enl
groove and botwoon tho villl of the rumon. Tho body is straight

cr with on oven slight curvo,

' 8ize Uoasurements taken after fixatioen.

Lonstht - 4man = 7o0 7 ¢ Average 4.9cn
Brcadth: 1.5 - Zo221 Average  1.9um
Dcraal-Ventral le0om = S.8om Avoraze 1.9

Acam'bulum Paragnhintomm typa.
ueaaurementa wcr'e t...kan on aa.git.tal nsoctiona,. 'The

torml dia.metor 15 taken rrom the membrana which delir::itn the

tiasue of the acatabulum from tha body pnrenchymn: the interna.l

| dmzeter 5_3 tlm dlamater or tho cmrit.y of tho a.cam'bulum.

o ;mtgrml diumeter S 1,5;@ - 17 Avem:re l.BEam )

 Intornal dozeter 0.0m = 10m Averaze 0.95m

Int.ernal diam./body 1/5.0 - 1/6.2 Averaze 1/5.7
length -

0.21::: - O.ISm - Avem e O.wm |
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Circular rusclea lHo. of units Averase
dorsal external 1 15-23 190

dorsal oztornal 2 L8390 | o0
dorsal internal : - 4C=48 | 40
ventral intoernal 4758 50
vontral external 0 17-22 - 19

T Phar'xgg (Fig. lb)
‘ Lodified 1icrchin typo.

The middle and axternal circular musocle layers ore

bottor dovoleoped in theo posterior two-thirda of the pharynz, At
tho anterior ond thoy are quito indistinot, The papilise are
| r:a.irly ‘long round tho opening of the pharynxz to tho exterior but

~ 'booome pro;raaaivoly msoller towards the oescphageal end, where

| ‘t.hoy ero inconcpic.uoua or lacking. - Undcr an:oll 1m:éeruicn L*
*objecti.vo it-1o pcasible to diotinguish otramis running into.tte
papillaa :from azon3ot the tand of longdtudinal and radial

: muac].ea.r Tnaao aro boliavad to Yo nervos and tho paplllae to
| heve o sernaory funotion (Pig.: 4) 'Iher'e are also a nuzber of
';,*;,-.*wlur;;e upinuoleuta cells with cloor cyt.oplaam which are boliwed
.~-t.o have o glandulur mmtion. Simuar cenu can bo aeen 1n the
e'altheliun aurromﬂin:; the oesophag.um n
© Length o.s4m - 00m Awrase o'.vmn* -
Lm.-,th/eody len ith 1/5.4 --1/3.3 Average 1/7.7
o’mcavgmsg* - o |
' Thia .m fairly atmight, ﬂhort. *
Lm.,th 0.451:!:1 -O.Etlm Avera:ra Ogﬁﬁm
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Genitel atriun (Fig. la)

Ichikawal typo, with very strongly rarked rodisl
ruaclegs The atriun doos not lle very far snteriorly and is sbout
on tho lovel of tho middle of tho cosophagus.

Tostes (Figs. 1,2,%)

Thezo arc axnll oand sphoriocal ond 1ie ono boshind the
othore. Both &re about tho came oizo and thoy aro usually oome
distance apart. Tho ovoraso moasuroments argi- the enterior
teatls, 0.02rm X 0.80mm X 0.60mm end the poaterior 0.60 rm X
Q.07zn XN 0.08rme  Thoy are ext.romqu deeﬁly lobed, ‘bgth in lengl-
tudinal and transverss baotion snd have o vé:ry fibrowa rwall in‘
vhich both circuler and longitudliml muscle olenﬁxﬁn are prosent,
(Fizs. 2 & 8).. _ |

Tho cpcreatogoninl colls are orall and onlyicoi;vpn.rativ*oly
fow npercatozoa are produced at o _time. Thia 15 ahown by the
very fou cpornatozoa which are present in tho vaglcula sominaldn
nlthougn thoy aro often nuxerous in tho uterus, Thajyeculiar
dovcl?pmant of tho teotls cannot bo auo to 1:3::&&&#.& f:mﬂ in oome
gp0cinens tho uﬁeri"ape? pa‘&:pd with o530, h
ovary (Fig. 1) S ,

B Thc*qvé.ry 1tea hetﬁaéfxﬁtha "ﬁonteriov tostis and the
hd.cet.abultm.s It la roug‘hltyﬂ cpherionl and oﬁdnt.air”m:'oo_@ﬁiauangl |
ji;rima;y ooqytgﬂ. The éiriduotlmwa tho oiva‘ryﬂ.on t}mjantwiorl

/ border and runs doreally end slightly posteriorly round lehlia



Wl S-0

Fize. 2. Pe hiberniae transverse section of testis.

Fize. 8. P. hiberniae higher maznification of testis wall.




‘dersally and Opena' to tho oxterior a short distanoo behind thro

glond until 4t joins Lourer'o canal, It thon runa dnto Mohlio glund
cnd 4o Joined by the vitelline duot, forming tho cerk ral chzmbore

ychlio e¢land (Fig. 1)
This lies very olose to, ond slwool on tho sons lagvel oo

Thereo 1s o dletinot region of intracellular ducio,

'tho CVLrY e

vory similer in dzt.ent. to that doseribed feor Gicantocotyle

bathycotyle. Laurer's conal runs £rom 4t and 1s Joimod by tho
ovidust Jualt. cutoide iochlio glami.

It thon turna peoaterlorly and

oPcnln»,, of' the emratory pOrd. Althcugh nolther vitellino Fatcrial
n:ar colls tmro found in Laurcr'n cannl, they were visibm 1n ono
seriocs in that part of the duct totwesn the omtral chanber and
tho Junotion of the miduat wit.h Laurcr s crmal. This irdicotos
that Laurer'a ccnal zay aarvo 03 & way throur'h which mmplua

vitellina mterial rmy 'bo p&aaed to tha axtcricr au lum boen ‘~

fnussaated-

3 Utemg In npeoimana with only a. faw e n the uterus m nmow

h and t:nly very ulightly rolded. Aa 1t becomea paomd with e330 |

\

1\‘.. uproada t.o occupy almcat. t.ha wholo body botwean the oencphagus
le.n-.i the teﬂtam | '

1ta11m'1a5 Theae are follicular and exterﬂ rrom th@ level of the

’ ’pharynx c-lmoat to the poatm:'ior crd of tha vmrm. Thers are a pc.iz- '~

of vitelnna duot.u which join hatmen ;..ehuu gland and tha

f aoetnbulum t.o form & mall vit.ellina reaewoir- From thia ] Bhort |

1 4 4 . - - '_h ) - -
el ol ety Ll M ainiarall L ke g e s PR TN TR TN Ty - b Tmiih A e AL RS bt Tl R o s
. - g Mg P ot K 4 ad ok £ — i x
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Pe hiberniae

phar

&

Jngeal papillae.



Fiz. 5. P, hiberniae primary oocyte in central chamber.of

Mehlis gzland.



duct runs into tho central chanbor of lchlis pland,

Excrotery bladder (Fige 1)
Thioc 1o cuite large and 1ios dorsally to the acetabulum

but does not oztend far entarlorly. It opons to thoe oxterier by
o very shert duct, tho porn being abmt tha oano leovel as tho

< ﬂ"u b g -ﬂ‘ah vzh *-F:ij”!?”

:‘:J“"- !..; f i‘ h;: y
ovm. ;r_‘_:: :h i@::f ) h,:, :
gdorotozenosia e
Sporratogenocios. ’ *"““‘**-ﬂ,*‘

Owing to the omall oize of the sparf-atogonial colln end

/
tho sloimess with which divisions tako plnco operomatogmosio :I.u

Az far a3 1t 1}1301:311013 to ooy at prosont

- Aifficult to follow.
it proceeds in on Bﬁétly}fémnar mannecr to that dasoﬂbod foy

Gigantocotyle bamzcotzle. A rosette 1o formed in whlch t.hez'o

oro t.hirt.y-wo spermatid molei, indicatinz that t.here aro t.he
“usual threo sporzatogonlel divisions followed ‘by t.wo reduction

divmions. Vm'y few nuolei could bo pioked out in ntmea of

mitoaea or mciosis a.n:!. it %o impoauible to atate with cartaintyf

how many chronosomos there ares In thoane cells rhore muclear

divisiona could bo oecen normal opindles are formed and the |

ohromoaomes bocome orienteted upon then ot mataphasa. (Flm. 5o &b

o omtrosomea have boan 866Ns

Tho hnploid nunber of ohromcnoman is mt loso than aix

and mt zorae then eight., ois_r.ht. occurring moat froquantly.
Oogeneaiu.

Only oot,onie.l divinions tako place 1!'1 tho CUALY, 'I'he

L* Hl—.l-t I:_ﬂ.-"--."‘-?'-:-. = A i
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