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ANNA JOHANNA MARIA VERSTER

INTRODUCTION
Because the genus Frhinococcus Rudolphi, 1801 is of economic importance

from both the vetennary and public health pomt of view, it is not surprising that
it has been the subject of attention of many helminthologists. To date, 12 species
belonging to this genus have been described, four of these have been recorded
from South Africa.

In South Africa the sexual stage has been rccorded from the black-backed
jackal [Canis (Thos) mesomelas] (Gough, 1908; Viljoen, 1937); the lion (Panthera
leo) (Ortlepp, 1937) and the Cape hunting dog (Lyeaon pictus) (Cameron, 1926;
Ortlepp, 1934). Hydatid cysts have been recorded by Verster (1962) from the
warthog (Phacochoerus aethiopicus), the blue wildebeest (Gorgon taurinus) and the
zebra (Equus burchelli).

In Southern Africa there are relatively few records of the sexual stage in the
domestic dog (Ortlepp, 1934) or wild carnivores, and it would appear that this genus
is not very widespread. Verster (1961, 1962), however, found the cystic stage wide-
spread in domestic livestock. The incidence of hydatidosis varies considerabiy

anartac and hatwoan Aiffarant ahattnivg Tt wane ganarally Rich 1 -:“ enacias 11 the
lu ﬂl}\.{\-’lbﬂ ulu.l UULVVU\'IJ. uj,ll\‘].kdlll u.uul.l.ullo AL ¥Yilo 5\-‘“\_1“11: l.l.l X J.u i UPVULDD 114 Lldw

Eastern Province, e.g. King William’s Town had a 28-6 per cent 13-4 per cent and
13-5 per cent incidence in cattle, sheep and pigs respectively. At Welkom in the
Orange Free State 25- 6 per cent of the sheep, and at Worcester in the Western Province
32-1 ner cent of the pigs, were infested.  Verster’s findings indicate that Eehinococcus
Spp. are not only of economic importance but are also of real danger to man; and there-
fore warrant intensive study.

Experimental infestation of wild carnivores with hydatid cysts of bovine origin
resulted in specimens which resembled E. gramidosus (Batsch, 1786) ag described
by Rausch (1953). These parasites, however, differed from E. gramosus in three
aspects of the life-cycle as quoted by Lapage (1956).

(a) The cystic stage is fertile in cattle.

(A\ Tha noﬂn lﬁ“ﬂi‘inn ("nn- Ic MOra ClIgcary
W 4= WikLILLE LEVIY Guo

domestlc dog. _
(¢) A small percentage established themselves and attained sexual maturity
in the cat (Verster, 1961).

It was therefore necessary to determine whether there was any correlation
between their host preferences and morphology and to compare them with E.
granulosus (Batsch, 1786) from its type locality Europe, Germany.

From the literature it was apparent that the morphology of species of this
genus is influenced by various factors. Rausch (1953), investigating the reliability
of structures used in the taxonomy of the genus, showed that some characters, e.g.
length of the strobila, were dependent on the host-species, and that others, e.g. the
number of segments and size of rostellar hooks were subject to geographical variation.
Leuckart (1863) had found that the rosteilar hooks increase in size after ingestion
by the definitive host. This finding was confirmed by Rausch (1953), Yamashita
et al. (1956) and Vogel (1957). It was thus necessary to establish criteria which are
not infiuenced by the species of the definitive host, nor by the age of the infestation.

Queh oriteria conld only ba astahliched an mnfnriu] arioimatine fram svnarimantal
AFLAVIL WIILWwl L WS UAAAJ LAY AT LPILOlIWRE  LFLL llll—ll—\.’llui Ullalllul-lu& AANSLLL Ud\kvlllll\'uhul

infestations, of known age, from different species of carnivores. It is known that
the increase in size of the rostellar hooks of E. granulosus, as the worm ages, is due
to the development of the handle (Leuckart, 1881; Rausch, 1953); therefore it

wrae dacidad to invagticate the nagoihilitv of noine fhp lanath of tha hlada inctead af

decided to investigate the possibility of using the length of the blade ingtead o

the total length of the hook for taxonomlc purposes. L
The purpose of these investigations was three-fold: (@) to evaluate the variability

of characters used in their taxonomy; () to diagnose the specificity of the parasites

lndlopnnnc: to the ppnnhhr‘ f/-\ to datermine the role of domectic and wild carnivora

in thexr life-cycle.

infectation than ig the
niestation than 15 the
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REVIEW OF ECHINOCCUS SPECIES IN SOUTH AFRICA
PART I
VARIABILITY OF STRUCTURES
1. Review of the Literature

The variability of structures used in the taxonomy of this genus was investigated
by Rausch (1953). Vogel (1957) gave data regarding the variabiiity of certain
characters which are of value in distinguishing between Echinococcus gramulosus
(Batsch, 1786) and E. multilocularis Leuckart, 1863. Yamashita er al. (1958b)
confirmed Vogel’s observations.

The characters most commonly used heretofore for the diagnosis of species
are:—

{i) The length of the rostellar hooks (Cameron, 1926; Ortlepp, 1934, 1937;
Vogel, 1957, Rausch & Nelson, 1963).

(ii) The shape of the rostellar hooks (Cameron, 1926; Ortlepp, 1934, 1937;
Rausch, 1953; Vogel, 1957).

iy Tha numhbar and srranoamant of th mants Dl 10724 1077 Yaoal
Ully 118 NGOV a0 alilaliguiieiic vl © L85 L7ITy A7T¢

1957).

(iv) The number and distribution of the testes (Rausch, 1953; Vogel, 1957;
Rausch & Nelson, 1963).

(v} The form of the gravid uterus (Rausch, 1953; Vogel, 1957).

(vi) The position of the genital pore (Vogel, 1957; Rausch & Nelson, 1963).
(vii) The size of the cirrus sac (Rausch, 1953; Rausch & Nelson, 1963).
(viii) Hos 1speclﬁmty of the adult stage (Ortlepp, 1934, 1937; Rausch, 1953;

VUE 1y LIZJi)

Sweatman & Williams (1963) differentiate subspecies of E. granulosus on the
Dbasis of:i—

(i) The length of cystic and of adult rostellar hooks.
(i) The number and arrangement of the segments.
(iii) The size and shape of the seminal receptacle.
(iv) The size, shape and position of the cirrus sac.
(v) The position of the genital pore.
(vi) The number and distribution of the testes.
(vii) The ratio of the length of the mature to that of the gravid segment.

\Vlu) ﬂUbl. plUlClGLI.L.Cb Ul I.IIC Lybl.lb bl.d.gc

Vogel (1957) differentiates E. multilocularis sibiricensis Rausch & Schiller, 1954
from E.m. multilocularis on the basis of differences in the length of both the cystic
and the adult hooks, host preferences of the cystic and the adult stage and preferences

lannlizatinm ~F ﬂ-m ruretin otnoa
in a0CauzZaudn Or e CysiC Siage.

Size of the strobila.—The length of the strobila varies markedly, and is dependent
on the species of the definitive host (Rausch, 1953; Vogel, 1957).

10



ANNA JOHANNA MARIA VERSTER

Scolex, rostellum and suckers.—The scolex, rostellum and suckers are larger in
E. granulosus than in E. multlocularis (Vogel, 1957). Yamashita et al. (1958b)
found that the rate of growth of the rostellum was in the same proportion in both
species; but the relative growth of the suckers was greater in E. mudtilocularis than
in E. gramulosus. Vogel (1957) noted that the size of the scolex of E. multilocularis

is independent of the host species.

Number of segments.—According to Rausch (1953) this is uniform in any given
species and may be of value when it is used in conjunction with other characters
in sexually active individuals, In both E. gramulosus and E. multilocularis the
111;1;1%)& of segments is subject to geographical variation (Rausch, 1953; Vogel,

Position of the sexually mature segment.—The position of the sexually mature
segment has been used in conjunction with other structures by some authors. The

aaviinlle nfriwea oaseaan mamiiltinmata in E omasirdanoe W anal 10('!\ hard nuta
LrJi UL diiwe-

SCRuUaunY INatuic D\rElllUu.I- i3 poliuaimae in L. Erdnuiosus A v UECL,

penultimate in E. /yveaontis (Ortlepp, 1934), E. cameroni (Ortlepp, 1934] E. felidis
(Ortlepp, 1937y and E. muitilocularis (Vogel, 1957). Sweatman & Williams (1963)
found in E. granulosus the position of this segment dependent on the number of

aasmanta ~ramatitinting tha atrahila haf 14 mny diffar 1n fanr_caomantad omanimeans
ausluuutn uuunutuuué Pl OHIVUIME, UL I lll(.l] Willwl 111 AUuL—D\-éluUuLUU JHUUII.IIULI.D

of the same subspecies.

Rostellar Hooks: (a) Number.—Rausch (1953) considers the number of hooks
worthless for taxonomic purposes. In E. multilocularis the number of rostellar
hooks is dependent on the age of the cyst and on its location, as well as on the species

and variety of the intermediate host (Lubinsky, 1960). Sweatman & Williams (1963)

A mimabhoan Al hanla ta e the onmen 10 thaie fare onlhonaniag

fﬁuﬁd l.hC range Uf Lhc number of hooxks 10 be the samc in their four SU0SPCCICS uf
E. granulosus. They show significant differences in the number of hooks is
“E. g. granulosus ” from abnormal intermediate hosts; in E. g. equinus there is a
considerable variation in the number of hooks from different cysts. The scolicen

o Trmavan mitmhare AfF haalba cinsa larga and omanll hanl-o Aa nat manacon el
may 4dye Uneyen uuuj.uvla Of N0GKS SITICY 1ATEC and SThau GUOKS 48 NOT NeCCssari:y

alternate, but may be grouped in pairs. Uneven numbers of hooks were found
in all four of their subspecies of E. granulosus.

(b)Y Arrangement.—The hooks are usually arranged in two rows. Accessory or
supernumerary hooks, smaller than those of the second row, occur in E. granulosus.
They are approximately two-thirds the size of the small hook and their position
alternates with those of the second row (Vogel, 1957; Rausch & Nelson, 1963;
SWeatman & W11hams 1963; Williams & Sweatman, 1963)

Py A

{c) Size.—Cameron (1926) and Ortiepp (1934, 1937) use the size of the rosteliar
hooks, in conjunction with other structures, for specific identification. Rausch
(1953) concluded that this character is of value provided only gravid specimens are
considered and due account is taken of geographical variation.

Sweatman & Williams (1963) found highly significant differences in the cystic
hooks from different host-species, in individual hosts as well as in different cysts.
The adult hooks from different species of carnivores did not show any differences
in size. They conclude that the ultimate size of the hook is determined in the cystic
stage. These authors use the size of the cystic and adult hooks in conjunction
with other characters to create subspecies of E. granulosus.

(d) Growth—Krabbe (1865) and Leuckart (1881) drew attention to the fact
that the length of the hook of E. granudosus increases in the definitive host.

11




REVIEW OF ECHINOCOCCUS SPECIES IN SOUTH AFRICA

The hooks of E. gmnulosus increase in length up to 375 days after infcstation
{(Yamashita et al., 1956); in E. mudiilocularis they increase up to 280 days afier
infestation (Yamashita er al., 1958a). Vogel (1957) found that E. gramulosus shows
a 30 per cent increase in hook size, while E, mudtilocularis shows a 13 per cent increase,
by the time the worms are grawd Hutchmson & Bryan (1960) found no increase

P, SRR o A

lil IlUUl& blLC Ul E. granuwauo at Clg 1t WECKS alter 1 H:bl.d.l.lUl_l

(€) Shape.—Cameron (1926) considered the shape a reliable criterion for specific
identification. Rausch (1953) found the shape subject to minor variations but
considered these constant for a given species. Sweatman & Williams (1963) found

that tha chane of the adult hoole 1o subdect to axtreme variation even in hooks on the

LI DL LY Gl WS LS SwUj W il ¥ianadrealil WY sl saa axRSNANRE L2 2D

same scolex.

Poszt:on of the gemtal pore.—Yogel (1957) demonstrated a difference in the
Pualuuu of the genha; Ppoic il L. 5!’ui1hzua££a and £ msiltilociilaris. Sweatman &
Williams (1963) found that the position of this structure in E. g. canadensis Cameron

1960 differs from that in their other subspecies of E. granulosus.

1o A tra

Male genuaua (a) Number 0_}' restes.—Rausch \1333) and VClg (153!) consider
the nnmhpr of tegtes an 1mnnrtﬂnf' criterion for gnecific diaenogis. Sweatman &

oo Blaghisis

Williams (1963) use this character for sub-specific dlagn_OSIS in E. granulosus. On
the other hand, Huichinson & Bryan (1960) state: ** Because the number of testes

varies with the age of the worm, this character cannot be relied upon for species
identification *.

.n

(b) Testes distribution.—Both Rausch (1953) and Vogel (1957) consider the
testes distribution relative to the genital pore reliable for species identification.
Williams & Sweatman (1963) also use the number of rows of testes posterior io the

vitallaria far tha diffarantiafion of tha euhonaciee F o spuinuce
vavuallo 100 G QLUSISDUaUUn UL WIS SuUopPUatG e g SOl

(¢) Cirrus sac.—Rausch (1953) found that the size of the cirrus sac may be of
value if it is used in conjunction with other characters. Its shape and position both
relative to the genital pore, and to the longitudiual axis of the mature and gravid

i alsid £ ~AF I i1
Wslllﬁul, aic 1G5¢uuuu a8 4 vaiuQ \d.l.l.UJ.lULl 107 L«Lcauug BI-I-UDPC\ALD Of i Eluuutuaua

(Sweatman & Williams, 1963).

Female genitalia: (a) Ovary.—The structure of the ovary is of importance in
differentiating between E. granulosus and E. multilocularis (Vogel, 1957).

(b) Seminal receptacle.—The size and shape of the seminal receptacle may
differ in the subspecies of E. gramudosus (Sweatman & Williamg, 1963},

(¢) Uterus.—Rausch (1953) and Vogel (1957) use the structure of the uterus to
differentiate E. granulosus from E. multilocularis.

Host specificity.—Although much experimental work has been done on the
host preferences of the hydatid cyst, little has been done on that of the sexual stage.
Apart from a few ¢xperiments, most of our information regarding the host specificity
of the sexual stage, is based on natural infestations,

iz



ANNA JOHANNA MARIA VERSTER

E. granulosus has been recorded from a wide range of carnivora:—
Canis famiiiaris, the domestic dog, by Krabbe, 1865; Leuckart, 1886;
Hall, 1919; Ross, 1929; Ortlepp, 1934; Rausch, 1953; Yamashita
et al., 1956; Vogel, 1957; Lubinsky, 1959; Nelson & Rausch, 1963;
Sweatman & Williams, 1963; Williams & Sweatman, 1963.

C. dingo, the Australian dingo by Durie & Rick, 1952; Gemmell, 1959a.
C. latrans, the coyote, by Sweatman, 1952.

C. lupus, the wolf, by Riley, 1933; Erikson, 1944; de Vos & Allin, 1949;
Sweatman, 1952; Rausch, 1953; Rausch & Williamson, 1953;
Cameron, 1960; Rausch & Nelson, 1963; Sweatman & Williams, 1963,

C. (Thos) mesomelas, the black-backed jackal, by Gough, 1908; Viljoen,
1937; Nelson & Rausch, 1963.

C. (Thos) aureus, the golden jackal, by Witenberg (1933) and Dissanaike &
Paramananthan (1960).
Crocutia crocuta, the spotied hyaena, by Nelson & Rausch, 1963.

There is disagreement regarding the recovery of E. granulosus from the domestic
cat and from the fox. In experimeital infestaiions Southweli (1927), Lorincz (1933),
Nosik (1954) and Gemmell (1959a) found that althoungh this parasite may establish
itself in the dometic cat, it does not attain patency. In contrast to this it has been
recovered from a lion in Zoclogical Gardens; Porter (1943) in London and Badinin

(1947) at Samarkand.

Rausch (1953) recorded E. granulosus from Vudpes sp. and Alopex sp. in North
America. Malezawski (1961} succeeded in infosting 14 of 19 V. wulpes with E,

granulosus but found 31 Alopex lagopus refractory to infestation with this species.

Material from a natural infestation of a fox, Vulpes vulpes, in England, was
considered a new species, E. cameroni Orilepp, 1934, but Rausch (1953) considers
it to be syncnymous with E. gramudosus. Matofl & Jantscheff (1954) and Gemmell
{1959a, b), in experimental infestations, found that E. gremulosus does not attain
sexual maturity in the fox; Gemmell (1960) was therefore inclined to accept the
specific separation of E. cameront,

Vogel (1957) found that not only t 0
Alopex sp.) and the domestic cat may be experimentally infested wi
cularis.

A&
. ana

E. multilo-

Two species have been described from naturally infested felines: E. oligarthrus
(Diesing, 1863) Cameron, 1926 from the puma Felis concolor, and the jaguar, F.
yaguarondi, and E. felidis Ortlepp, 1937 from the lion, Panthera leo. Rausch &
Nelson (1963) consider E. ofigarthrus a valid species, but the status of E. felidis
uncertain.

2. Materials and Methods

Experimental design

This is summarized in Table 1*, The straing rafer to the infestation of definiiive

hosts with scolices collected at the same time from intermediate hosts of the same
species.

* For Tables 1 and 3 to 26 see pages 94 to 118.

11
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REVIEW OF ECHINOCOCCUS SPECIES IN SOUTH AFRICA

Source of infestive scolices

Hydatid cysts of bovine and porcine crigin were collected at the Pretoria, and
the ovine cysts at the Johannesburg Municipal Abattoirs.

The hydatid cyst of human origin was surgically removed from a Bantu patient
at the Preioria General Hospital.

In the bovine and ovine strains, scolices from hydatid cysts from a number of
animals of the same species were collected and pooled. The scolices of porcine
origin for the three porcine strains originated from a single liver in each case. Ova
from specimens removed from the dog infested with the Porcine II stram and
examined on the 48th day, were used to infest various intermediate hosis. A pig
infested with this material was slaughtered eleven months later. Scolices present in
the hydatid cysts in the liver of this animal were used to infest dogs and jackals,
thus yielding a second generation for further study.

Experimental infestations
nenial mfestations

The scolices were not counted, but the carnivores in each experiment were given
the same volume of scolices,

The carnivores were ki
Al VLI Y Ulvd N

tract removed.

Collection and fixation

The > gut was split open; immersed in 1 per cent trypsin in saiine and placed in

ad AT L £ 4 Th e
ain incubator at 37° € for two hours. The mucosa of the gut was smpped the

trypsin solution replaced with warm saling and incubated for a further six hours,
followed by refrigeration overnight. The worms were fixed in 4 per cent formalin
while still immobilized by the low temperature.

Number of worms recovered from each host

The scolices in two one-tenth aliquots were counted and the fotal number
estimated. If the total did not exceed an estimated 1,000 worms, all the scolices
present were counted.

Preparation of specimens for microscopical examination

(a) Hooks.—The rostella were detached and mounted en face in Hoyer’s modifi-
[PPSR ey | A

lelUll of Beilese 1V10'I.1ﬁt1ﬁg Medium. The hooks WETT Mitasurcd Unadct oil-immersion
phase -conirast with screw micrometer.

A maximum of 5 large hooks per rostellum and, where possible, 50 large hooks
from each host, was measured. A few small hooks were also measured. The
measurements carried out on the hooks (Figure 1) are as follows: total length A
to F and B to E; ventral blade length D to E; dorsal blade length C to E and handle
length B to C.

. (b) General morphology —The specnnens were stained with Lacto- Carmme
Aceto-Carmine, Mayer’s Haemaium and Luue-Mayer s Haemalum. When sufficieni
material was available at least 20 to 25 specimens from each host were examined.
However, this was not always possible, e.g. when few worms were recovered; or
they were refractory to staining; or their genitalia were not ‘Wwell developed.

1A
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m”

F16. 1.—Measurements carried out on rostellar hooks
Total length: A to F, and B to E
Ventral Blade length: D to E

1 o O P vl
Dorsal Blade length: C o B

Handle length: B to C

{¢) Size of the ova.—The ova were freed from the surrounding tissue and
mounted in glycerinc-alcohol. Three drops of Gurr’s Glyceel were placed on a
coverslip and allowed to dry before it was inverted ovar the ova.

(d) Oncosphere hooklets.—Terminal segments containing mature ova were

mounted in Hoyer’s Berlese Mounting Mcdium. Pressure was exerted on the
coverslip to flatten the hooklets, which were measured under oil-immersion phase-
contrast with a screw micrometer.

3. Reostellar Hooks

Number (cf. Table 2)
The number of rostellar hooks is based on the number of large and small hooks.

Accessory hooks, both anterior to the large hooks and posterior to the small hooks, .

are not taken into consideration.

TABLE 2. —Number of rostellar hooks

I . :
Strain | e’;al‘lnr:]if’l‘; | Range Mean
Boving I.........ooiviiiiinniain., 7 I 32-36- 34
Bovine H..........cciviiniiain.., 43 28-38 32-5
Ovine I......ooviiiiinnriiniianannnn, 1 32 32
Gviite Il i ittt it in i, 5 ; 26-34 30-8
Porcine I........c.ociiiiiiiii, 15 32-38 34-9
Porcine IT............cooooi i, 5 : 32-40 : 36
LV 2 ¥4 (o 2 ’ 34-36 35
15

4
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Discussion.—Rausch (1953) does not consider the number of rostellar hooks
of any valuc for specific identification. Sweatman & Williams (1963) found that
scolices of “ E. g, granulosus” from abnormal intermediate hosts have a greater
number of hooks than those from domestic animals. Williams & Sweatman (1963)
reported that the number of hooks varies from cyst to cystin E. g. equinus. Lubinsky
{1960} working with E, multilocularis, showed that the number of hooks is dependent
on the age and location of the cyst as well as on the species and variety of the inter-
mediate host.

In the present investigation the author is unable to draw any conclusion regarding
the variability of the number of rostellar hooks, as counts could be carried out on
only 2 negligible number of specimens. However, from the above authors’ findings
it appears improbable that the number of hooks would be of taxonomic value.

Size

Figure 1 illustrates the measurements taken: the total length was measured in
iwo ways, viz. A to F and B to E; the ventral blade length, D to E; the dorsal

n

blade length, C to E and the handie lengih, B to C.

Cystic hooks.—The various measurements are summarized in Table 3. In
these the total lengih, BE only, was measured.

Tortal length: The frequency distributions of ihe total length AF {Fig. 1) in the
various strains are given i Figures 2 to 9; while that of total length BE (Fig. 1)
are given in Figures 10 to 17. Range, arithmetic mean and standard deviation of
these lengths for each host are given in Table 4 and that for each strain in Table 8 (a).

FREQUEMNCY

SIZE IN MICRONS

FiG. 2.—Frequency distribution of the total length, AF, of the large hooks of the Bovine I strain.
All specimens 48 days oid.
—o- Cape haumting dog, MNo. 1
—x- Cape hunting dog, No. 2
—+— Dingo
— Dog
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FREQUENCY

SIZE IN MICRONS

FiG. 3.—Frequency distributions of the total length, AF, of the large hooks of the Bovine ii sirain.
From top to bottom the frequency distributions represeent that of material 35, 76, 118
and 135 days old respectively,

—— Dog
- ~~- Jackal
1~
g+ S T DN
S S D

SIZE IN MICRONS

Fi16. 4.—-Frequency distribution of the total length, AF, of the large hooks of the Ovine 1 strain.
All specimens 48 days old.

—o— Cape hunting dog, No. 1
-x- Cape hunting dog, No. 2

17
64033002
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Fic. 5.—Frequency distributions of the total length, AF, of the large hooks of the Ovine IT strain.
From top to bottom the frequency distributions represent that of material 35, 76, 95
and 118 days old respectively.
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Fig. 6. —Frequency dlstnbutlons of the total lengtm AF of the la:ge hooks of the Porcine I strain.
Dogs only were infested. From top to bottom the frequency distributions represent
that of material 48, 60, 109 and 135 days old respectively. .
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Fio. 7.—Frequency distributions of the total length, AF, of the large hooks of the Poicine 11 strain,
first generation, From top to bottom ihe irequency distributions represent that of materiai
48, 76, 95, 118 and 135 days old respectively.
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Fi6. 8.—Frequency distributions of the total length, AF, of the large hooks of the Porcine II strain,
second generation. From top to bottom the frequency distributions represent that of
material 48 and 95 days old respectively.
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Fig. 9.—Frequency distributions of the total length, AF, of the large hooks of the Human strain,
From top to bottom the frequency distributions represent that of material 35 and 76
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FiG. 10.—Frequency distribution of the total length, BE, of the large hooks of the Bovine I strain,
All specimens 48 days old.
—0— Cape hunting dog, No. 1
—X~— gpe hunting dog, No. 2
—r— LIHIEQ
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Fig. 11.—Frequency distribution of the total length, BE, of the large hooks of the Bovine II strain,
From top to bottom the frequency distributions represent that of the cystic hooks, and
adult hooks of material 35, 76, 118 and 135 days old respectively.

-/ — Hydatid cysts
— Dog
««-- Jackal




ANNA JOHANNA MARIA VERSTER

/\

A
! _ :%/ N

FREQUENCY
-]
I

P N L i 1 1 1
5N B 4 EX) 34 k1.3 EL) k7 38 k] 0 & &2

SIZE IN MICRONS
Fic 12.—Frequency distributions of the total length, BE, of the large hooks of the Ovine I strain.
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Fic. 13.—Frequency distributions of the total length, BE, of the large hooks of the Ovine II strain.
From top to bottom the frequency distributions represent that of the cystic hooks, and
adult hooks of material 35, 76, 95 and 118 days old respectively.
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Fic. 14.—Frequency distributions of the total length, BE, of ihe large iwouks of the Porcine I sirain.
Dogs only were infested. From top to bottom the rrequency distributions represent that
of cystic hooks, and adult hooks of material 48, 60, 109 and 135 days old respectively.
- —Hydatid cysts
— Dog
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FiG. 15.—Frequency distributions of the total length, BE, of the large hooks of the Porcine IT
strain, first generation. From top to bottom the frequency distributions represent that
of cystic hooks, and adult hooks of material 48, 76, 95, 118 and 135 days old respectively.
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F1G. 16.—Frequency distributions of the total length, BE, of the large hooks of the Porcine 11
strain, second generation. From top to bottom the freguency distributions represent
that of cystic hooks and adu]t hooks of material 48 and 95 days old respectively.
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From top to bottom the frequency distributions represent that of cystic hooks, and the
adult hooks of material 35 and 76 days old respectively.

-/~ Hydatid cysts
—— Dog
---- Jackal

Ventral blade length: The frequency distributions of this length (DE in Fig. 1)

in various strains are given in Figures 18 to 25. Range, arithmetic mean and standard
deviation are given in Tables 3 and 9 (4).
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FiG. 18.—Freguenc? distributions of the ventral blade length, DE, of the large hooks of the Bovine

straiin. All specimens 48 days old.
—o- Cape hunting dog, No. 1
—x— Cape hunting dog, No. 2
—-— Dingo
— Dog

FOR FIG. 19 SEE PAGE 28.
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Fi1G. 20.—Frequency distributions of the ventral blade length, DE, of the large hooks of the Ovine I
strain, All specimens 48 days old.

—o0— Cape hunting dog, No. 1
-%- Cape hunting dog, No. 2
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Fic. 19.—Frequency distributions of the ventral blade tength, DE, of the Bovine II strain. From
top to bottom the frequency distributions represent that of cystic hooks, and adult hooks
of material 35, 76, 118 and 135 days old respectively.
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Fi, 21.-—Frequency distributions of the ventral blade length, DE, of the large hooks of the Ovine IT
strain, From top to bottom the frequency distributions represent that of cystic hooks,
and of adult hooks of material, 35, 76, 95 and 118 days old respectively,
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FiG, 22.—Frequency distributions of the ventral blade length, DE, of the large hooks of the Porcine I
sttain. Dogs only were infested. From top to bhottom the frequency distributions
represent that of cystic hooks, and adult hooks of material 48, 60, 109 and 135 days old
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FiG, 23,—Frequency distributions of the ventral blade length, DE, of the large hooks of the Porcine 1T
strain, first generation. From top to bottom the frequency distributions represent that
of cystic hooks, and adult hooks of material 48, 76, 95, 118 and 135 days old respectively.
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Fig. 24.—Frequency dlstnbut:ons of the ventral blade length, DE, of the large hooks of the Porcine 11
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siuraiin, second generation. FProm top to bottom the frequency distiibutions represent

that of cystic hooks, and adult hooks of material 48 and 95 days old respectively.
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Dorsal blade length.—The frequency distributions of this length (CE in Fig. 1)
in the various strains are given in Figures 26 to 33. Range, arithmetic mean and
standard deviation are given in Tables 5 and 9 {a).
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Frc. 25.~Frequency distributions of the ventral blade length, DE, of the large hooks of the Human
strain. From top to bottom the frequency distributions represent that of cystic hooks,
and aduit hooks of material 35 and 76 days old respectively,
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Fie. 26.—Frequency distributions of the dorsal blade length, CE, of the large hooks of the Bovine I
strain. All specimens 48 days old.

-0~ Cape hunting dog, No, 1
—x— Cape hunting dog, No. 2
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Fig. 27.—Frequency distributions of the dorsal blade length, CE, of the large hooks of the Bovine TT
strain. From top to bottom the frequency distributions represent that of cystic hooks,
and adult hooks of material 35, 76, 118 and 135 days old respectively.
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Fic. 30-—Frequency distributions of the dorsal blade length, CE, of the large hooks of the Porcine
strain, Dogs only were infested. From top to bottom the frequency distributions
represent that of cystic hooks, and adult hooks of material 48, 60, 109 and 135 days
old respectively,
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FiG. 31,~~-Frequency distributions of the dorsal blade length, CE, of the large hooks of the Porcine T1
strain, first generation, From top to bottom the frequency distributions represent that
of cystic hooks, and adult hooks of material 48, 76, 95, 118 and 135 days old respectively.
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Fia. 33.—Frequency distributions of the dorsal blade length, CE, of the large hooks of the Human
strain. From top to bottom the frequency distributions represent that of cystic hooks,
and adult hooks of material 35 and 76 days old respectively.
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Handle length: Range, arithmetic mean and standard deviation of this length
BC in Fie. 1) ara oiven in Tahles 5 and 9 ((ﬂ

L L dge Lf Guw 5 a2l
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Statistical analyses: The results of the analyses of variance applied to the above
data may be summarized as follows:—

Total length: Growth of the hooks: Tt is not possible to determine the age
at which the growth of the hook is complete When the total length both AF
and BE, of specimens from dogs infested with the Bovine I sirain and examined
at 35, 76 118 and 135 days, is subjected to an analysis of variance, it shows highly
signiﬁcant differences beiween ages. The data of the 76, 118 and 135 days old
infestations (i.e. the 35 days old material is not included), also show highly
significant differences. In the jackal, however, analyses show highly significant
differences for all age groups, but no significant differences if only 76, 118 and
135 days old infestations are considered. Analyses of variance of the total
length of Ovine I1 from the dogs examined at 35, 76 and 95 days show highly
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significant differences; but when the 35 days old material is excluded, there is
no significant difference. The material from the jackals infested with this strain,
also shows highly significant differences when all the age groups are analysed
together; at 76 and 95 days the significance of differences persists. The analysis
of variance when applied to the Porcine I data (all age groups) shows highly
significant differences. These data were not analysed further as the mean length
of the hooks is smaller in the older infestations {i.e, 37-8, 36-5, 36-3 and 35-9
miicrons at 48, 60, 109 and 135 days respectively}. Analysis of variance of the
data of Procine II from the dogs (all age groups) shows highly significant
differences; when the 48 days old material is excluded, the significance of
differences persists. Highly significant differences were also shown by 35 and 76
days old material from the jackals infesied with the Human strain.

Influence of host species: Analyses of the data from infestations of the
same origin {i.e. strain) and the same age, but from different species of definitive
hosts, give inconsistent results. Comparison of the total length of the Bovine I
strain at 48 days irom the dog and the dingo shows no significant difference.
Analyses of the total length of the Bovine 11 sirain give inconsistent resuiis
when the dog is compared with the jackal: at 35 days no significant difference;
at 76 a highly significant difference; at 118 days no significant difference and
ai 135 days a significant difference.

The Ovine 11 sirain also yields inconsistent results: at 35 days a significant
difference; at 76 days no significant difference and at 95 days a significant
difference.

The human strain shows a highly significant difference when data from the
dog and jackal at 76 days are compared.

In contrast to the above, a comparison of the data from the two Cape
hunting dogs infested with Bovine I, examined on the 48th day, shows no
significant difference of total length. A similar result is obtained on the data
from two Cape hunting dogs infested with the Ovine I strain.

Successive generations: An analysis on the total length of the large hook
in successive generations of the same strain could only be carried out with
Porcine II. In both generations the intermediate host was the pig. An
analysis of variance of the total length (BE) of the hooks of the hydatid cysts,
used as infestive material for the two generations, shows no significant difference;
bui analyses of the totai iengths, BE and AF, of specimens 48 and 95 days old
from the dogs infested with the first and second generation respectively, show
highly significant differences.

Adult hooks of the same genotype: The parasites derived from the human
strain originate from a single hydatid cyst. An analysis of variance of the
total length of the large hooks from the three definite hosts, viz. jackal/35 days;
dog, jackal/76 days, shows highly significant differences. The total length of
material from the jackals shows highly significant differences between age
groups. The 76 days old material from the two host species also shows highly
significant differences.

Ventral and dorsal blade lengths: Analyses of variance on the dorsal blade
iength of hooks from hosts infested with Bovine I and Ovine I show no significant
differences when material from hosts belonging to the same or diffcront species
is compared. The dorsal blade lengths of the other five strains show highly
significant differences. The ventral blade lengths show highly significant

differences in all the strains.
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The highly significant differences obtained with the analyses of variance of
these two blade lengihs, are probably due to the small variability shown by the
iength of the blade.

Handle length: Analysis of variance of the handle length of the hooks in
the different strains corresponds with that of the total length, BE; thus indicating
that this is the part of the hook which increases in length.

Smali hooks: In view of the obvious variation in size of these hooks only a
few from each host were measured.

The total lengths, AF and BE, are summarized in Tables 6 and 8 (8);
dorsal and ventral blade and handle lengths are summarized in Tables 7 and
9 (b).

Discussion: Sampling method: The data presented may be questioned in that
the sampling method is biased and the size of the sample from each host possibly
inadequate. Only the largest intact specimens from each host were selected and
only those hooks lying in profile measured.

To determine the number of hooks to be measured to give reliable results,
initially 100 cystic hooks of the Bovine Il and Ovine 11 strains were examined (Table 3).
One hundred cystic hiooks of Bovine IT varied in length from 27-1 to 32-5 (mean
29:4 4 1-2) microns; the first 50 hooks varied from 27-5t0 31-5 (mean 29-2 1~ 1-1}
microns. One hundred cystic hooks of Ovine 11 varied from 21-5 to 29-5 (mean
26-3 - 1-5) microns; the first 50 hooks showed the same range, but the mean was
267 4 1:6 microns. Obviously no useful purpose could be served by examining
more than 50 hooks from each host.

Rausch (1953) advocated that hook size should be determined only on specimeas
with mature ova in the uterus. In natural infestations such a selection would ensure
that only sexually mature specimens are compared. Under experimental conditions
it was found that sclection could not be doue on this basts. The absence of mature
ova in the uterus of the worms when the animal is antopsied, does not necessarily
mean that the infestation was not patent in the past. This is demonstrated clearly
by Porcine II, first generation: the percentage of gravid specimens from dogs
examined on the 48th, 76th, 95th, 118th and 135th days post-infestation was 66-7 .
per cent, 17-4 per cent, 23-3 per cent, 73-9 per cent and 16-3 per cent respectively.
The total length of the large hooks of specimens from the 135 days old infestation
is greaier than that from younger infestations.

Further evidence of the unimportance of the presence of mature ova is provided
by Porcine II, second generation/jackal material. Unfortunately most of the
specimens from these hosts had lost their rostellar hooks; it was possible to examine
only 36 and 19 hooks from the two animals autopsied on the 48th and 95th day
post-infestation respectively. The 48 days old specimens were extremely small and
consisted of one or two segments only; neither mature nor developing ova were
present in any of the specimens. The majority of the specimens of the 96 days old
material contained ova in the uterus. Despite this marked difference in the stage
of developmeni and the age of infestation, there was very little difference either in
the range of variation or in the arithmetic means of the large hooks.

Growth: Yamashita et al. (1956; 1958a) found that the large and small hooks
of both E. granulosus and E. mudtilocularis continue increasing in length up to the
375th and 290th day post-infestation respectively. Vogel (1957) showed that the
hooks of E. gramilosus increase in size between 51, 64 and 81 days. Hutchinson &
Bryan {1960), however, found that there was no increase in the size of the hooks of
E. granulosus after eight weeks, i.e. 56 days.
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The present data show such extreme variation that it is difficult to determine
when the hooks have completed their growth. In some strains the arithmetic means
of the hooks of the older specimens “from the same host species increased as the
infestation became older, e.g. Bovine 1I/dog. Other strains, however, did not show
such a direct relationship between length and age. The lower limits of the range
in the different strains was nsually higher in older infestations; the upper limits of
the range did not show the same tendency. From this, and the results of the analyses
of variance, it would appear that the large hook has not compieted its development
35 days after infestation of the definite host, but it is not possible to determine at
what age, if any, the hooks cease their growth.

Influence of the host species: Sweatman & Williams (1963) found that the species
of the definitive host did not have any influence on the total length of the large hook.
This finding was not confirmed in the present experiments; on the contrary, the size
of the large hook was found to be dependent on the species of the definitive host.
When the same infestive material was administered to more than one animal of the
same host species and examined at the same age, the size of the large hooks did
not show any significant differences as is instanced in material originaiing from Cape
hunting dogs infested with Bovine I and Ovine I respectively (Table 4). The size
of the large hooks of specimens from the dingo and dog infested with Bovine I
(Table 4) did not show any significant difference, but when the size of the large hooks
from the latter two hosts was compared with those of ihe Cape hunting dogs, highly
significant differences were found. Bovine II and Ovine II from dogs and jackals
gave inconsistent results (Table 4): large hooks originating from the same infestive
material and of the same age from these two host species showed no difference,
significant difference or highly significant difference in the total length (both BE
and AF).

The difference i11 the size of the large hook in different host species does not
appear to be due to “ crowding ”. The Cape hunting dogs infested with Bovine 1
harboured more worms than elther the dog or the dmgo yet the hooks of the worms
in the Cape hunting dogs were larger than those from either the dog or the dingo.

Successive generations: Due to the slow development of this parasite in the
intermediate host, a second generation of only one experimental strain was available,
viz. Porcine IT (cf. Materials and Methods). Two dogs and two jackals were
infested; one of each pair was necropsied on the 48th and 95th day after infestation,
The total length, BE and AF, of the large hooks of specimens from the dogs showed
a highly significant difference when hooks of the same age, but of successive gene-
rations were compared. The hooks in the second generation were larger than those
of the first generation (Table 4). Furthermore, with one exception (AF—48 days
old), the lower limit of ihe range of the second generation excecded the mean of the
first generation. In so far as the total length of the cystic hooks from the first and
second generation did not show any significant difference, this discrepancy in the
adult hook is unexpected.

Same genotype: The size of the large hook shows the same variability in materiai
derived from the same genoiype (Human sirain) as from pooled scolices from a
number of hydatid cysts originating from a single host (Porcine I and IT) or ori-
ginating from a number of individuals of the same host species (Bovine I and IT;
Ovine 1 and II).

It has been found that the size of the rostellar hooks is dependent on a number
of factors: geographical variation (Rausch, 1953); age (Vogel, 1957 and Yamashita
er al., 1956, 1958a, b). Despite these findings, taxonomic value has been and is
still being attached to these structures.
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Sweatman & Williams (1963) contend that the ultimate size of the rostellar
hook is fixed in the cystic stage. This was not confirmed. The size of the cystic
hooks in the first and second generation of Porcine IT did not differ, but the adult
hooks, in the same host species and of the same age, did differ rnarkedly in their
size. Furthermore, material with the same genetic constitution (Human strain) is
subject to influence by the host species.

Sweatman & Williams (1963) recorded a wide range in the length of the adult
large hooks in their different subspecies. In * E. g. granulosus ” it varies from 25
to 40 (mean 34-2) microns; in individual dogs the mean length varies from 29-4
to 37-0 microns, while the mean length in their various subspecies shows the same
range, the extremes being 34-2 microns in ** E. g. granulosus > and 418 microns in
E. g. borealis. It would therefore appear that the mean length in *“ E. g. gramulosus >’
i different hosts shows variations of the same magnitude as that between subspecies.
Despite the intra- and 1nter—subspec111c variations, and tne fact that the respectwe
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these structures.

The data presented above show that the identity of the definitive host also aflects
hook size, and {uriher thai hook size Is not constant in successive generations It
would therefore appear to be extremely undesirable that taxonomic significance be

attached to the size of the rostellar hooks.

Biade length: The present experiments show that both the venirai and dorsai
blade lencths annear ta ramain constant throuchont the ]TFF of the parasi f_, It
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is unlikely that variations in this structure are of taxonomic mgmﬁcance the vari-
ations within and between strains are small and there is an overlap between different
sirains.

Shape

Large hook: The shape of the large hook shows its greatest variation in the
handle and guard.

The blade also shows a certain variation in shape. The dorsal aspect of the
blade is occasionally notched a short distance above the point at which it joins the
handle ThlS notch may | be present or absent in the hooks of a single host. The

large hooks of the one Cape huniing dog infested with the Ovinc I strain show

such a variation (Fig. 34). The lower part of the dorsal aspect of the blade is slightly
concave in the top and bottom hook, but in the middle hook this same area is convex,

Variation in the curvaiure of the biade is iilusiraied in
from differant hosts are comnpared (Fia, 3 )" Furthermore it may vary in the same
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host (Fig. 34, 36).

Small hook: As in the case of the large hook, the small hook shows a similar
variati ima and chana of tha handle Both cize and shape may vary to such

an in tha
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an extent that small hooks may on occasion only be 1dent1ﬁed as such by their
position on the rostellum and by the ventral blade length (Fig. 37). Variation in

shape and size on a single specimen is illustrated in Fig. 38a and b. Similar varia-
tiong in ghane may ke found in small hooks adiacent to each other (FIQ 39)
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Fig. 34.—Variation in the shape of the large hook. Ovine I/Cape hunting dog, 48 days.
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G002 mm.

F1, 35.—Variation in the shape of the large hook of Ovine II, from the jackal (left) and the dog
(right).
The hooks from the top to the bottom are 35, 76, 95 and 118 days old respectively.
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Fic. 36.~~Variation in the shape of the large hook. Human/dog, 76 days.
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Fig. 38 (a).—Variation in the shape and size of the smalil hooks on the scolex of a singie specimen.
Qvine I/Cape hunting dog, 48 days.
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Fig. 38 (b).—Variation in the shape of the small hooks on the scolex of a single specimen.
Bovine II/dog, 76 days.
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FiG. 39.--Variation in the shape of adiacent small hooks, Huma /do
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Discussion: Cameron (1926), Rausch (1933) and voge1 (1857) consider the
shape of the large hook to be characteristic for a given species. Vogel (1957) found
that the shape of the base of the large hooks shows specific variations: E., muldti-
focularis forms a concav1ty where the handle ]oms the guard, this is less developed

oi absent in E. granulosus. The small hook of both species resembies that of the
large hook in E. multilocularis. Yamashita et al. (1958b) concluded that these

A LS00 LULINVAWUIRAL AL sy

wo species show only slight differences in the shape of the large hook.

In the present experiments the shape and degree of development of the handle

rotioan e badls Toca oo
and of the g""‘""] is inconsistent and shows extreme variation in both 1aTES and

small hooks. These findings therefore agree with those of Sweatman & Williams
(1963) who found that extreme variation in the shape of the large hook may be
encountered on the same scolex.
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Accessory hooks

The commonest type of accessory hook is smaller than, and posterior to, the
smalf hooks with which they alternate (Fig. 40). The total length (AF) and ventral
blade length (DE) of these hooks are summarized in Table 10; Fig. 41 (a) and (b)
illustrate the variation in the shape of these hooks,

The accessory hooks anterior to and alternating in position with the large hooks

were found in three hosts only, viz. dogs infested with Porcine II, 76 and 116 days;
the jackal infested with the Human strain, 36 days. These hooks differ from the
large hocks in that they have a longer blade and a very weakly developed handle
{Fig. 42).

Discussion: The small accessory hooks were described by Vogel (1957) in
E. gramilosus and by Sweatman & Williams (1963) in * E. g. granulosus . The
latter authors also described accessory large hooks from * E. g. gramulosus . The
present investigation confirms the findings of these authors.

Conclusion: The number, size and shape of the rostellar hooks are not reliable
criteria for taxonomic purposes.

(/

L/L)/_?_\
s

002 mm.

Fic. 40,—Position of the accessory hook relevant to that of the large and small hock. Human/dog,

5 days.
1 |

0-02 mm.
Fic. 41 (a).—Small accessory hook. Ovine I/Cape hunting dog, 48 days.
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- 5
002 mm
FiG. 41 (5).—Small accessory hook. Human/jackal, 95 days,

002 mMm.

Fi6, 42.~~Comparison of the structure of an accessory large hook (top) with that of a normal large
hook (middle) and normal small hook (bottom). Porcine II/dog, 76 days.
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4. Number and Arrangement of the Segments
Number of segments (cf. Table 11)

The number of segments, with the exception of Ovine I strain (vide infra), varies
from two to four, most have three. Two-segmented worms are in the majority in
six hosts; four-segmented ones in one host only If grav1d spec1mens oniy are
considered, tnree—segmentea wOoTrms are dgam in the majority; in one host foui-
segmented worms outnumber those of three segmenis (Table 11).

The Ovine I strain is not included in Table 11 as its number of segments varies .
from four to six. Twenty-nine specimens were examined: 13-8 per cent consist
of four, 82-8 per cent of five and 3-4 per cent of six segments. Eighteen specimens
were gravid, of these: 5-6 per cent consist of four, 88 8 per cent consist of five and
5-6 per cent of six segments.

Discussion: Rausch (1
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1953), Vogel (1957) and Yamashiia et al. (19580) found
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With the exceptmn of the Owvine I strain, all the worms have two to four seg- .
ments, In these strains the majority of the gravid specimens consist of three or
four segments. Most of Ovine I consist of five segments.

It is apparent from the present experiments that the number of segments is
dependent on the age of the infestation and also on the rate of development in a
particular host species. The variation due to the age of the infestation is shown by
Porcine I: the majority of the 49, 60 and 10% d"}’S old sywlmens consist of three
segments, but the majority of the 135 days old specimens consist of only two seg-
ments. The effect of the host species on this character is illustra.ed by Bovine I
Where the majority of the specimens from all the hosts consist of three segments;

whereas in the dingo, dog and silver fox a fairly large number consist of only two

segments, and no four-segmented worms occur in them.

Arrangement of the sexually mature segments (cf. Table 12)

As the specimens consist of varying numbers of segments, the position of the

aGXuauy mature segment, for the sake of cl-:n-ﬁ-y is desienated from the anfFrlnr end.

g designated from the posterior end.
In the majority of the specimens the penultimate segment is sexunally mature
but this is dependent on the degree and therefore the rate of development within the

particular host. In Ovine I (48 days), the antepenultimate segment is sexually
mature.

Discussion: Vogel (1957) found the penuitimate segment of E. gramulosus to
be sexually mature, while in E. multilocularis it is the antepenultimate scgment.
Sweatman & Williams (1963) reported that in  E. g. granulosus ”’, the position of the
sexually mature segment may be penultimate or antepenultimate depending on the
number of segments present,

The present findings show that when oniy gravid specimens are considered, it
is usually the penultimate segment that is sexually mature. Ovine I resembles
E. multilocularis in that there it is the antepenultimate segment that is sexually
mature. 'The position of the sexually mature segment shows only slight variation-
in gravid specimens; rather more variation is shown in specimens not yei gravid.

Conclusion: The number of segments constituting the strobila, and the position
of the sexually mature segment, appear to be valid criteria for specific and sub-
specific diagnosis,
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5. Size of the Strobila
Total length (cf. Tables 13, 14)

The Ovine 1 strain consists of four to six segments. FEighteen specimens have
ova in the uterus; the four-segmented worm is 4-69 mm long; the 16 five-segmented
worms vary from 4-38 to 7-54 (mean 5-72 4- 0-64) mm, while the six-segmented
specimen is 6-06 mm long. A total of 29 specimens was examined: the four four-
segmented specimens vary from 4-12 to 5:33 (mean 4-78) mm; the 24 five-
segmented worms from 4-38 to 7-54 (mean 5-70 1L 0-84) mm, while the six-

segmented specimen is 6-06 mm long.

The data of the remaining strains are summarized in Tables: Table 13 those
of the gravid specimens and Table 14 all the specimens examined.

The mean lengih of all the specimens examined is usuaily iess than that of the

nrf-:nnrl worms alone. There are three pvr-npﬂnno viz. Cane hnnflﬂg Hng No. 2

(Bovme I, 48 days) jackal (Ovine II, 95 days) and dog (Porcine I, 135 days).

L 4 g A gae ot am e o Tan cmamma cduaton mand aca

The total leﬁg,tu of the SPECIMCIIS of thie saimie strain and age varies inn the different
host species. The animals infested with the Bovine T strain were all antonsied
on the 48th day. The mean length and the upper limit of the range of the worms
from the Cape hunting dogs are higher than in the dingo, dog or the silver fox.

Discussion: The total length in the same host species, varies with the age of the
infestation and the stage of development of the specimens. This confirms Vogel’s

(193.!') observations on E, granutosus and E. muitilocuiaris.

The length of the strobila of the same strain and age, varies in hosts of different
species. This is most noticeable in Bovine I in which the specimens from the Cape
h‘liﬁ'iiilg Q0g aic larger than those from other hosts. L,a.pc u‘uﬁl.iﬁg uugb are not
only more susceptible to infestation but the worms are larger and their development
is more advanced than in other hosts. Variation in the rate of development in
different host species is also apparent in Bovine II. At 76 days three-segmented

amanimanmn Fenme tha 1aalral ara losoas +lha thron Frams tha AAans N8 aemd 110 Ao
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the opposite applies.

Rausch (1953) states: “ In general, the larger individuals occur in the relatively
large host species (e.g. wolf and dog), and the smaller worms occur in foxes (both
Vulpes and Alopex)”. The present experiments do not confirm Rausch’s obser-
vations, for although the Cape hunting dog is larger than any of the other carnivores
used and shows the largest worms, the blackbacked jackal is smaller than the majority
of domestic dogs and yet may have larger worms. Thus the total length is more
closely correlated with the susceptibility of the host species, and with the rate of
development of the worms within these hosts, rather than with the physical size

AP Aafeitiorm Lot
O e QCHOnitive rost.

Size of segments (cf. Tables 15, 16, 17)

The length of the terminal segment, and its length expressed as a percentage of
the total length of the strobila, is given in Table 15. The width of the last and
second last segment is summarized in Table 16. The ratio of the length of the mature
to the length of the gravid segment is summarized in Table 17.
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Discussion: Both the length of the terminal segment and its ratio to the length
of the strobila show a greater range of variation than deo those given by Vogel (1957)
for E. muitilocularis and for E. granulosus. The average length of the terminal
segment is above one millimetre, but the lower limits of the range may be under
one millimetre; the ratio of the terminal segment to strobilar length shows extreme
variation even in specimens from the same host.

The width of the last two segments also shows a wide range of variation in the
specimens from any one host. The mean width of the nltimate segment is greater
than that of the penultimate, but when these measurements are compared, they are
seen to overlap. The difference in the width of these two segments is greater than
that given by Vogel (1957) for E. granulosus or E. multilocularis.

Sweatman & Williams (1963) recognize differences in the ratio of the length
of the mature to that of the gravid segment for the distinction of their subspecies
P e p Thia fantura

o . .
of L. gramwosus. This feature, in the present expenments, is subject to extreme

variations not only in the mﬁerent strains, but also in a single host.

Size of the scolex, rostellum and suckers (cf. Table 18)

The size of these structires is summarized in Table 18,

Discussion: The scolex, rostellum and suckers also show a greater range ©
variation than was reported by Vogel (1957). These variations are probably due to
differences in the reaction of individual worms to fixation.

Conclusion: The size of the strobila and its constituent parts is subject to
extreme variation, and hence must be treated with reserve in species and subspecies
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6. Position of the Genital Pore (cf. Tables 19, 20)

In this investigation the distance of the genital pore from the anterior margin
of the segment is expressed as a perceniage of ihe lengih of the segment; resulis
are summarized in Tables 19 and 20.

The Ovine I strain consists of four or more segments; the antepenultimate
segment is usually sexually mature and in the penultimate segment the genitalia
have not completely degenerated nor. have the ova completed their development.
These penultimate segmenis are hereafter referred to as post-matuie segments. The
position of the genital pore in the mature segment (29 specimens) is from 38-9 to
63-5 per cent (mean 350 per cent); the post-mature (29 specimens) from 47-8 to
67-4 per cent (mean 60-6 per eent) and 1'11 24 gravid segments from 51-4 to 65-5
per cent klur:du 58-4 per Cﬁi'il._; of its Lpuéa.u from the anterior margm In the 18
gravid specimens the position of the genital pore in the mature segment is 38-9 to
625 per cent (mean 545 per cent); the posi-mature 47:8 to 66-7 per cent {(mean
60-3 per oent) and the gravid segment 51-4 to 63-5 per cent (mean 58-8 per cent)

~ T~ Fromn
of its u..uébu from the anterior margiu

Discussion: The distance of the genital pore from the anterior margin of the
gravid segment shows a greater variability in the different strains than “has been
recorded for either E. multilocularis (Vogel, 1957; Yamashita ef al. 19582} or for
E. gramulosus (Nelson & Rausch, 1963). However, the usual position is at, or just
posterior to, the nrm-(pmnf of the segment in all the experimental strains. This

corresponds with the position of this strgc'ta}e‘;n‘ﬁ' granuloSus as given by Nelson &
Rausch (1963).

Conclusion: The position of the genital pore appears to be of value only at the
species ievel.
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7. Male Genitalia
Testes number and distribution (cf. Table 21)

The number of testes and their distribution relative to the genital pore is sum-
marized in Tabie 21.

Bovine I strain (Fig. 43): The range and arithmetic mean is higher in the material
originating from the two Cape hunting dogs than in material from the other hosts.

In 92 specimens (35-2 per cent) there are more testes in the anterior than in the
posterior half of the segment; in 10 specimens (9-2 per cent) the testes are approxi-
mately equally distributed in the two halves of the segment; in six specimens (5-6
per cent) there are more testes in the posterior than in the anterior haif of the segment.
The usual testes disiribuilon in this strain is iliustrated in Fig. 43.

Bovine II strain (Fig. 44): In 195 specimens examined, all but one have more
testes anterior than posterior to the genital pore.

_ Bovine II differs from Bovine I in that testes are absent posterior to the viteflaria
(Fig. 44}; in one specimen (0-5 per cent), however, one testicle is present in this
part of the segment,

Lh
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Analyses of variance show similar results to those obtained for Bovine L

Ovine I strain (Fig. 45): There are more testes in this strain than in any of the
others. Furthermore, the lower limit of the range is higher than the higher limit
in any other strain. The number varies from 58 to 80 (mean 08-4 4 7-1); the
greatest number of testes in any other strain is 55 (Human/dog, 76 days).

The greater number of testes are situated in the anterior half of the segment
(Fig. 45). In one instance (4 per cent) the testes are equally distributed in the
two halves of the segment.

An analysis of variance shows a highly significant difference in the number of
testes anterior to and posterior to the genital pore.

FiG.745.—Sexually mature segment showing number and distribution of testes. Ovine L
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Ovine II strain (Fig. 46): In all these spemmens the majorlty of the testes are
n the anterior half of the segment (Fig. 46).  They differ from Bovine I in that the

mean number of testes is greater than in Bovine I. The range of the total number

and that of those anterior and posterior to the genital pore do not differ markedly
from Bovine 1.

This strain also
testes relative to the mtal pore.

gnificant differences in the
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F1c. 46.—Sexvally mature segment showing number and distribution of testes. Ovine IE.

Porcine I strain (Fig. 47): With the exception of four specimens (98 per cent),
the testes are either equally divided in the two halves of the segment or the greater
number is in the posterior half (Fig. 47). In 9'8 per cent of the specimens the

f nf tha
“""j’“"‘t}’ of the testes are in the anterior half Ol il m.«EJ.u\.ul..

An analysis of variance of the testes distribution in this strain as a whole shows
significant differences. However, the individual hosts gave inconsistent results.

The 49 days old specimens show no significant difference in the number of testes
RanT]nT' and hostf_‘r]@r to the Dt’nifﬂl nore. The 60 and 100 dave old gnecimeng

woall VS Lay Lia il d Al

show highly mgmﬁcant dlfferences in the 60 days old specimens thlS is due to them
having a greater number posterior o the genital pore; in the 109 days old specimens
it is due to four specimens having more testes anterior to the genital pore.
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FiG. 47.—Sexually mature segment showing number and distribution of testes. Porcine 1.

Porcine II strain. First generation (Fig. 48): With the exception of two speci-
mens (2-9 per cent) the distribution of the testes resembles that of Porcine I. In
two specimens the majority of the testes are in the anterior half of the segment.

The 118 days old specimens of this strain show a significant difference in the
testes distribution due to two specimens having a greater number of testes in the
anterior half. The remaining five hosts show no significant difference. When the

& - - 3 3 . . . H
strain is analysed as a whole, significant differences are obtained, due to the majority

of the specimens having the greater number of testes in the posterior half of the
segment.

WKW Z-0

FiG. 48.—Sexually mature segment showing number and distribution of tesies. Porcine II, first

generation,
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Second generation (Fig. 49): These specimens correspond with those of the first
Qeneratmn in the m]mher and distribution of the testes, In all the epnﬂsmnne

examined the testes were either equally distributed in the two halves of the segment,
or there were more testes in the posterior than the anterior half (Fig. 49).

The festes distribution in this generation shows significant differences. The

95 days old specimens show no significant difference, but the 48 days old specimens

show a hlghly significant difference which is due to a greater number of testes in
the posterior half of the segment.

WW 0
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generation.

Human strain (Fig. 50): Six specimens (12-5 per cent) have more testes in the
anterlor than in the posterlor half of‘ the segment. The distribution of the testes
in the remaining specimens (Fig. 50) resembies that of the two porcing sirains.

An analysis of variance of this strain as a whole shows no significant difference
in the testes distribution in the two halves of the segment. The 35 days old speci-
mens, however, show a highly significant difference. The 76 days old specimens
from the dog show no significant difference, but that of the same age from the jackal
shows a significant difference. The significant differences in the testes distribution
are due to the greater number of testes in the posterior half of the segment.

)
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W 20

FiG. 50.—Sexually mature segment showing number and distribution of testes. Human strain.

The data suggest the following divisions on the basis of testes distri-
bution:—

(a) Testes equally distributed: This applies to the Human and Porcine T and II
strains.  Only 12 specimens (6-1 per cent) of all the worms examined in thesc strains
have more testes in the anterior than in the posterior half of the segment. It is
accepted that in some species of Echinococcus the testes in the posterior half of the
segment develop before those in the anterior half, therefore the testes posterior may
outnumber those anterior at a certain stage of development. Thus it is to be expected

that within limits this criterion may be subject to some variability.

(b) More testes anterior than posterior; The remaining four strains have this
distribution and may be divided into three subgroups:—

(1) Bovine I and Ovine I with the majority of the testes anterior. abhout one

_________ , about one

third being posterior. Only 16 specimens (7- 8 per cent) of these two strains
do not conform.

(i) Bovine II with no testes posterior to the vitellaria.

(ili) Ovine I with more testes than the other strains.

Discussion: The number of testes is considered to be relatively constant by both
Rausch (1953) and Vogel (1957). These authors concluded that the number of
testes in both E. granulosus and E. multilocularis is not dependent on the host-spacies

Da

This conclusion is confirmed by Bovine T, in which the ranges overlap in the different

P S .

host-species.
Hutchinson & Bryan (1960) consider the number of testes worthless as a specific

character. Those authors state: * Because the number of testes varies with the

age of the worm, this character cannot be relied upon for species identification ™.

If by the age of the worm, these authors refer to its chronological age, this is not in
agreement with the findings of Vogel (1957) or of the present investigation. The

results (Table 21) prove that the mean number of testes may vary but that the range
shows only slight variability despite differences in the ase of the wo

1n e
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Testes distribution is regarded as constant by both Rausch (1953) and Vogel
(1957). The testes in the anierior and posterior halves of the segment arc approxi-
mately equal in E. granulosus (Rausch, 1953}, while in E. multilocularis, few of the
testes are situated anterior to the genital pore (Rausch, 1953; Vogel, 1957). Testes
distribution is one of the characters used by Sweatman & Williams (1963} for the
differentiation of their subspecies of E. gramuiosus.

The present experimenis show that the testes distribution remains constant for
any given strain; it is neither affected by host-species nor by successive generations,
and shows only a slight dependency on the degree of development. Thus it is a
reliable character for both species and subspecies differentiation.

Size of the cirrus sac (Table 22)

The results are summarized in Table 22, The range of the length of the cirrus
sac in the mature segment overlaps that of the gravid segment. With three excep-
tions, the arithmetic mean is greater in the gravid than in the mature segment,

The increase in the length of the cirrus sac from the mature to the gravid segment
is particularly clear in Ovine I. (Data not included in the above table). The cirrus

sac in 22 matuie Segmema varics in lcnsth from 02.7 10 1974 ("“""'“ 158-0 —|— 14. 7\

microng, in width from 44-8 to 108-1 (mean 78-2 - 14- 2) mlcrons In 22 ost-
mature scgments it varies in length from 154-0 to 225-0 (mean 1946 4 18 -8)
microns, in width from 67-2 to 98-7 (mean 85-6 -1~ 6-9) microns. In 12 gravid
segments its length varies from 182-0 to 294-0 {(mean 217-9 -~ 30-2) microns, and
its width from 50-4 to 940 {mean 79-0 4 13-5) microns.

The width of the ¢irrus sac is also usualy greater in the gravid than in the mature

11aly
L
segment, but this difference is not as great or as clearly marked as it is in the length.

the taxonomy of cestodes. Rausch (1953) states: *‘ Cirrus sac dimensions may
have value in combination with other characters *. Sweatman & Wiiliams (1963)
used its size, shape and position relative to the genital pore, and the extent to which
it overlaps the midline in the mature and in the gravid segment in the differentiation
of the subspecies of E. granulosus.

The present experiments show the length of the cirrus sac to be subject to con-
siderable variation. Althoutgh the range of variation of this organ in the mature
overlaps that of the gravid segment, the mean length of the latter is usually the greater.

Discussion: The size of the cirrus sac is generally considered of some value in

Conclusion: The testes distribution and number are reliable criteria for species
PR P T Py Vraaan

and subspecies differentiation. The size of the cirrus sac for taxonomic purposss,
is of doubtful value.

8. Female Genitalia
The ovary and the seminal recepracle
The ovary is usualy a compact bilobed structure, but in some Bovine I the fobes
have radiating branches.
The seminal receptacle is a slight dilation of the vagina in all the sirains.

Discussion: Sweatman & Williams (1963) found the structure of the ovary
variable in “ E. g, granulosus ’ and in E. g. borealis. Tn both these subspecies it may
be either compact or provided with radiating branches. In E. g. canadensis it is always
compact.
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Sweatman & Williams (1963) reported that the seminal receptacle in < E. g.
granulosus ” is a large, round structure; in the remaining subspecies merely a dilation
of the vagina,

The gravid uterus

The specimens of the present series have sacculations proximally but branches
distally.

Discussion: Rausch (1953) and Vogel (1957) point out that this structure is of
yalue at the specificlevel. In the present experiments no differences could be observed

i +
in the varicus strains.

Size of ova and oncosphere hooklets

The greatest and smallest diameters of the ova, as well as the size of the oncosphere
hooklets, are summarized in Table 23; the lengths of the three pairs of oncosphere

hocklets in & single ovum are listed in Table 24.

Discussion; The summary of the measurements shows that the size of the ova
aid that of the oncosphere hookleis are variable. The variation in the size of the
ovum is greater than that recorded by Vogel (1957) for E. multilocularis

I
TR OCHNAN LY,

Conclusion: Should any variations in the structure of the ovary, seminal recep-
tacle and uterus be found, they would be reliable criteria.

9. Host Specificity (cf. Tables 25, 26)

" The number of worms recovered from the different hosts is summarized in Table
25 and the percentage of worms with ova in the uterus in Table 26.

Bovine I strain

The different carnivores showed a marked difference in their susceptibility to
infestation, the Cape hunting dog being the most susceptible, the cat the least.

Sixty-three excysted scolices were recovered from a cat which died three days
after infestation. The other cat, examined 48 days after infestation, only had six
worims of witich one was intact. Those worms contained immature ova (Fig. 51).

The percentage of worms which became gravid in 48 days varied in the different
hosts, in the two Cape hunting dogs 88-6 per cent and 50-0 per cent; in the dog
29-4 per cent; in the dingo 13-3 per cent and in the silver fox 12-5 per cent

R N e T ¥ L

Bovine II strain

The animals in this group were examined at different infestive ages. The
1 number of worms recovered from the dogs was 22,002 and from the jackals
28,981, The number of worms per individual recovered from the five dogs varied

L S BAY ) A ~ 50 Ydlivld

from 324 to more than 16,000; only two had less than 1,000 worms.

fatn
wina

Four cats each dosed with the same nuraber of scolices vielded two worms in the
cat examined on the 35th day; the other three animals were negative.

The percentage of worms which attained patency did not differ markedly in
dogs and jackals. In the 118 days old infestations the percentage patency in the
jackal exceeded that in the dog by 26 per cent; in the 135 days old infestations,

however, the percentage patency in the dog exceeded that in the jacka! by 20 per cent.
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F1G. 51.—Ova: 48 day old specimen from cat. Bovine 1.

Ovine I strain

With the exception of two of the three Cape hunting dogs, which showed heavy
infestations, few or no worms were recovered from the other carnivora.

Ovine I strain

A striking feature is the large number of worms at all ages recovered from
jackals when compared with dogs. The count for the jackal killed on the 95th
day should be ignored, however, as this animal was accidentally given an overdose

of scolices. Two cais were negative but iwo worms were recovered from the cat
killed on the 35th day.

Porcine I strain

The five dogs infested with this material showed extreme variation in their
susceptibility. These animals were not bred at the Institute and their ages were
unknown. The negative animal was extremely old, which may have influenced
the result.

The percentage of patent worms in the 48 60 and 109 davs old infeg

d infestations
was fairly uniform at about 50 per cent. At 135 days, however, only 125 per cen
of the specimens recovered were patent.

o 0

Porcine IT strain

Firct oonoratinn: Tha fiva dnoe chawad same varintinm in
Aleree GURETRGGDN. 400 LVO UCES SAuyywl SUMNC VAllaudi in

recovered, but the take was more uniform than in Porcine 1.

The dogs infested with this strain show a marked fluctuation in the percentage
of gravid worms at different ages of infestation.
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Second generation: The scolices used for this experiment were removed from
the liver of an experimentaily infested pig {cf. Materiais and Methods p. 13-13).
As relatively few scolices were available, these carnivores vielded fewer worms than
those infested with the first generation. As in the first generation the percentage
of gravid worms fluctuated markedly,

Human strain

Only a few scolices were available; jackals appear to be rather more susceptible
than are dogs.

The number of scolices used to infest each animal could not be accurately counted
as the scolices adhered to the glass containers used for making the necessary dilutions.
The only practical method was to give the animals in each experimental group the
same number of scolices by volume. The possible slight inaccuracy of the scolex
dosage alone could not account for the difference in the numbers of worms recovered
from the different hosts (Table 25).

e g P U PTIp [apny

As the number of carnivores available was 11ii‘[‘|itt":d, the results obtained cannot

ubjected to a statistical analysis. However, j‘[ is seen that carnivores of different
species as well as those of the same species differ in their susceptibility to infestation
with the various strains.

Echinccocci were recovered from cats infested with three of the four strains used;

Ovine 1 did not estabiish itseli. One of the specimens recovered from the cat

Jmfagtad it R M T +ai A 3 " .
infested with Bovine I contained ova in the terminal segment; these, however,

were not yet fully mature. Despite the fact that a few worms were capable of
establishing themselves and attaining sexual maturity in cats, they did not appear
able to maintain themselves in this host for any length of time, being present only
un to AQ Auvc and ahoant at '7’; r‘-;:uc -:nﬂ fhprnﬁf‘fnr

s alils auSvlic au [ 2y Leld

These findings for the cat therefore partially confirm those of Nosik (1954)
and Gemmell (1939a) who found that very few worms were recovered from cats
after four weeks. The observation that ova may develop in specimens from the
cat, however, differs from the findings of Southwell {1927), Lérincz (1933), Nosik

I o Ay | 11 FINEN-N
kJ. 73‘!‘) dand JeiIrluecil [17.}74}.
Conclusion

It is clear from these experiments that some of the strains do exhibit a marked
degree of host specificity; that the number of patent worms is related to the rate of
development in a particular host species and therefore also to the age of infestation;
that the more susceptible host yields not only larger numbers of worms, but as a
general rule, more of these are patent at any particular time,

10. Summary

It is clear that no one character alone may be used for the specific identification
of Echinococcus.
Strobila

(i) The number of segments and the position of the sexually mature segment

are relatively constant. These characters may be used in conjunction with other
characters.
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(ii) The size of the strobila and its constituent parts, as well as the ratio of these
parts to one another, are subject to extreme variability. Tt is dependent not only on

the fixation methods employed, but also on the age of the parasite and the identity

of the definitive host. It is therefore inadvisable that taxonomic significance be
attached to it.

Rostellar hooks

The size of the rostellar hooks is dependent on the age of the infestation and
the identity of the definitive host and further shows variability in successive generations
as well as-in material of the same genotype. It is therefore undesirable that taxo-
nomic significance be attached to either the size or the shape of these structures.

Genital pore

a4 PO (S T U SR |
Ut Ildalily dl LN SPOaIes icvel,

Male genitalia

(i) The number and distribution of the testes show but slight variability; these
characiers may be used in conjunction with other characters.

(ii) The actual size of the cirrus sac differs in the mature and gravid segment;
therefore it is not of value in the taxonomy of this genus.

Female genitalia

The structure of the female genitalia in the present experiments d

in parasites showing other morphological differences. Variations in
of the female genitalia would therefore be of taxonomic significance.

nas nat diffar
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he structure

Host specificity

The degree of host specificity exhibited by those parasites varies, being marked
in some strains, but less so in others.

Host specificity may be used in conjunction with the number and arrangement
of the segments, as well as the number and distribution of the testes.

o
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PART 2

IDENTIFICATION OF MATERIAL

1. Review of the literature

The cystic stage of this parasite was described by Goeze in 1782 as Taenial
socialis granuiosa (Braun, 1894) Batsch (1786) subsequently identified similar
material from the liver of a buccy as uyua'fcgt’:‘iia' granulasa In 180" Zeder united
hydatid cysts of human origin with coenuri of ovine origin in the genu : Polycephalus.
The genus Echinococcus was erected by Rudolphi in 1801; in 18C. he separated
the genus Coenurus from Echinococcus. Laennec in 1804 created the genus Acepha-

| R £ il 41 + Tt
{OC)3EES 10T 3iCTiic u_yuauu Cysis, oui Wilson in 1845 showed it to be synonymous

with Echinococeus Rudolphi, 1801 (Braun. 1894). Other synonyms are Liococcus
Bremser, 1819; Splanchococcus Bremser, 1819; Discostoma Goodsir, 1844; and
Echinococcifer Weinland, 1858; (Stiles & Stevenson, 1905).

Hartmannus in 1694 was the first to observe adult echinococci in a dog (Braun,
1894). Rudolphi in 1808 identified these parasites from a dog as young 7Taenia
cucumering (Leuckart, 1881); Roll working in Vienna in 1852 identified them as
young Taenia serrafa {von Siebold, 1852; Braun, 1894); while von Siebold (1852),
working in Breslau, found that Echinococcus veterinorum developed into small, three-
segmented tapeWOrms in the dog. Hc proposed that the name of thus parasite be
changed o Tueriu echinococcus with the diagnaosis: ** Corpus triarticulatum. Caput
subglobosum. Rostellum rotundatum corona duplici uncinularum 28-36 brevium
armatum, Collum longiusculum in posteriore parte stricturem gerens. Ambo
artlcull androgym oblongl et apertura gemtall margmah ajternante mstructl
Longitud. 1} lin. ITabitat in intestino tenui Canis familiaris 7. This parasite had
been described by van Beneden in 1850 as Tuenig nana, but as the description was
published only in 1858, Taenia echinococcus Siebold, 1852 has precedence (Leuckart,

1886).

In 1863 two other species belonging to this genus were described: FE. multi-
locularis Leuckart, 1863 from hydatid cysts occurring in the liver of man (Leuckart,
1886; Braun, 1894), and the adult stage of Taenia oligarthrus Diesing, 1863 from
Felis concolor (Braun, 1894; Cameron, 1926).

In 1882 Huber pointed out that the 56 known cases of E. mudtilocuiaris all
originated from southern Bavaria, Wiirttemburg and northern Switzerland; he
also raised the point as to whether or not the sexual stage of E. multilocularis was
identical with Taeria echinococcus. In 1892 Mangold drew attention to the difference
between the shape of the adult rosteilar hooks of specimens derived from the artificiai

i Factotine ~F A~ .
inigstation Of ao0gs with u}’StS of E. mﬂ!f{!{}C‘d!&'ﬂS and those of adult Tyenia eching-

coccus (Braun, 1894). Mangold's finding, however, was not generally accepted by
his contemporary or by subsequent workers. Some of them adopted the unitarian

view maintaining that the cyst of E. multilocularis was merely another form of an

E g}‘a}’z&o’uuuu cyst; others adopted the dualistic view as indicated by Mangold

maintaining that two different spec1es gave rise to the two iypes of cystlc stage
1t was not until 1955 that Vogel confirmed Mangold’s finding and showed that the
sexual stage derived from an E. mudtilocularis cyst differed from that derived from.

an E. granulosus cyst.

67




REVIEW OF ECHINOCOCCUS SPECIES IN SOUTH AFRICA

In 1926 Cameron transferred Taenia oligarthrus Diesing, 1863 to the genus
Echinococeys Rudolphi, 1801; he aiso described two species, £, minimus from
Canis lupus in Macedonia and E. longimanubrius from Lycaon pictus, as well as E.
granulosus from the fox, Vulves vuipes, in England. Ortlepp (1934) considered
Cameron’s specimens from V. vulpes a new species, E. cameroni. 1n the same year
he described: E. fyceontis from L. pictus and in 1937 E. felidis from Panthera lev.
Rausch & Schiller (1954) described E. sihivicensis from Alopex lagopus from St

Lawrence Island, Alaska. rom Al

Recently this genus has been reviewed by Rausch (1953), Vogel (1957) and
Rausch & Nelson (1963).

Rausch & Nelson (19583) accept the validity of three species: E. gramulosus
(Batsch, 1786); E. multiloculgris Leuckart, 1863; E. ofigarthrus (Diesing, 1863),
They consider four species, E. cameroni Ortlepp, 1934, E. [ycaontis Ortlepp, 1934,
E. intermedius Lopez-Neyra and Soler Planas, 1943, and E. orileppi Lopez—Neyra

and Soler Planas, 1943, synonymous with E, gramdosus leaving the status of E. feli-
dis Ortlepp, 1937 and E. patagonicus Szidat, 1960 uncertain.

Vogel (1957) created the first subspecies of this genus when he sank E. sibiri-
censis Rausch and Schiller, 1954 to E. multilocularis sibiricensiy; differentiating it
from the nominate subspecies on ihe size of the rostellar hooks, on differences in
host preferences of the cystic and the adult stages and on the predilection sites of
the cystic stage.

E. granulosus canadensis Cameron, 1960 was originally distinguished on sero-
logical differences of hydatid material from reindeer in Canada as compared with
material originating from domestic animals i New Zealand (Cameron, i960), and
on differences in iis host preferences (Cameron, 1960; Sweatman & Williams,
1963). The diagnosis for the sexual stage of this subspecies was only given subse-
quently by Sweatman & Williams (1963). In 1963 Sweatman & Williams and
Williams & Sweatman described three further subspecies of £. gramufosus, basing
their subspecies diagnosis on differences in the size of the rostellar hooks, on the
distribution and the number of the testes and on host preferences.

The nominate subspecies E, gramulosus gramulosus of Sweatman & Williams,
1963 utilizes sheep, bovids and domestic pigs as intermediate, and dogs as definitive
hosts; the type locality is New Zealand. E. g. canadensis Cameron, 1960 utilizes
reindeer (Rangifer tarandus) as intermediate and dogs as definitive hosts; the type
locality is Aklavik, NNW.T., Canada. E. g. borealis Sweatman and Williams, 1963
utilizes moose (Alces alces) and other cervids as intermediate hosts; the sexual
stage occurs in the timber wolf (Canis lupus), the coyote (C. latrans), and the domestic
dog; the type locality is Northern Ontario, Canada. E. g. eguinus Williams &
Sweatman, 1963 is derived from the experimental infestation of dogs with cysts
from horses in Great Britain,

2. Materials and methods

were exainined. The South African material was obtained from natura
experimental infestations.

Echinococcus spp. from Germany, Alaska, Australia, Canada and New Zealand

The material was prepared for microscopy as described on pages 13 to 153 in
Part 1.
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3. Proposed taxa

On the basis of criteria established as valid in Part 1, the definition of the two
best known and most debated species of Echinococcus Rudolphi, 1801 may be modified
to read as follows:—

Echinococcus granulosus (Batsch, 1786)

Cestodes varying in length up to 9-2 mm, consisting of two to seven segments.
Genital pore near midpoint in both mature and gravid segment. Cirrus sac hori-
zontal or tilted anteriorly. Testes 25 to 80; from slightly less than half to more
than half anterior to genital pore. Uterus with lateral branches or sacculations.

Echinococeus nuliilocularis Teuckart, 1863

7 oo am e Sadd e trms s B

Cestodes varying in length up to 3-7 mimn consistinig of two to five segm

Genital pore in anterior third of

h
tilted posterlorly Testes 12 to 31; 0 to 6 anterior to gemtal pore. Uterus without
lateral branches or sacculations.

]
matare and gravid segment. Cirrus sac

On the basis of criteria established as valid in Part [ (i.e. the number and arrange-
ment of the segments, the number and distribution of the testes, and host specificity)
it is possible to distinguish:—

A. Valid species:
Echingroccus granulosus (Batsch

1
L

E{'kinnr-nﬂﬂ: o mul‘f}’fnf“]ﬂﬁ‘l(' ] 1r'1(.':|r‘r
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B. Valid subspecies:

Qonrmmdinnnin amAd Wil
£ g. boreglis Sweatman and Williams, 1963,

E. g. canadensis Cameron, 1960.
E. g. newzealandensis Sweatman and Williams, 1963, nom. nov.

C. Sink to subspecific rank:

E. felidis Ortlepp, 1937,

E. Iycaontis Ortlepp, 1934

E. ortleppi Lopez-Neyra and Soler Planas, 1943.
D. Create the subspecies:

E. g. granulosus nominate subspecies novum.

£, g. africanus subsp. nov.

The South African subspecies which have been studied in detail are:—

E. g. granulosus nom. subsp. nov.

E. g. gfricanus subsp. nov.

E. g. felidis Ortlepp, 1937 n. comb.

E. g. lycaontis Ortlepp, 1934 n. comb.

E. g. ortleppi Lopez-Neyra and Soler Planas, 1943 n. comb.

Available comparative material from countries other than South Africa is:i—

E. g. granufosus nom. subsp. nov. from Germany,

g. borealis Sweatman & Willams, 1963 from Canada.

g. canadensis Cameron, 1960 from Canada and Alaska.

g. newzealandensis Sweatman & Williams, 1963, nom. nov.

by by
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E. multiloculgris sibiricensis Rausch & Schiller, 1954 from Alaska.

E. ohgarthrus (Diesing, 1863) Cameron, 1926 from South America. (As
omly four specimens were available, this is considered a species inqui-
rendae).

Species and subspecies not studied are:—

E. g. equinus Sweatman & Williams, 1963.

E. cameroni Ortlepp, 1934.

E. intermedius 1.opez-Neyra and Soler Planas, 1943.

E. longlmanubrms Cameron, 1926,

E. minimus Cameron, 1926,

E. patagonicus Szidat, 1960,

4. South African material
Echinococcus granulosus granulosus nominate subspecies novum
(Nec: E. g. gramulosus Sweatman & Williams, 1963)

In the assumed absence of type specimens, the nominate subspecies is repre-
sented by specimens from dogs piaced at my disposal by Prof. Vogel, Hamburg,
Germany, The South African specimens were derived from the experimental infesta-
tion of dogs and jackals [C. (T.) mesomelas] with scolices of porcine and human
origin. This material is fully described in Part 1.

Neotype (German material)
Thirty-seven specimens were examined; seven of these are 50 days old, the re-
maining 30 being of unknown age.
The sirobila varies in length from 1-70 to 292 mm (mean 2-51 + 0-9 mmj},
- h

e mam JUTTY
The segments are three in number, the second being Dexua‘.ly matu

the length of the mature to that of the gravid segment varies from 1:2:9 to 1:4-2
(mean 1:3-5). The gravid segment varies from 1-008 to 1-872 (mean 1 600) mm
and constitutes from 39-1 to 70-3 per cent (mean 63-1 per cent) of the toial lengih.
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FiG. 52.—Sexually mature segment of Echinococcus granulosus gramulosus nominate subspecies
novum, Neotype, Europe.
(a) Testes equally divided in the two halves of thesegment.
(b) Majority of testes posterior to genital pore.
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The position of the genital pore in the mature segment varies from 42-9 to
55-6 PEr ceitt uucau 48-4 per UCUL) of its wuglu from the anierior mdl‘gln, n ihe
gravid segment it varies from 53-6 to 70-0 per cent (mean 58-0 per cent). The
testes number 32 to 45 (mean 37-9 4 3-2) and are present posterior to the vitellaria,
extending forward to Just behind the anterlor margm of the segment In 15 speei-
mens the number of testes yuou.uux to the Ecuucu poie is c\.iucu to the number anterior
to it (Fig. 52a). In the remaming 22 specimens there are more testes posteriorly
than anteriorly (Fig. 52b). The number anterior varies from 12 to 24 (mean
16-9 4 2-3); and posterior from 17 to 27 (mean 21:0 4 2-5). The cirrus sac in
33 mature segments is from 56-0 to 110-4 (mean 83:4 + 11:6) microns long and
from 336 to 59-8 (mean 43-4 4 6-4) microns wide, In 11 gravid segments it is
92-0 to 138-0 (mean 111-7 4 11-5) microns by 50-6 to 69:0 (mean 58-8 { 5-7)
microns.

Metatype (South African specimens)

The strobila varies in length from 2-62 to 6-41 mm (mean 3-53 + 0-94 mm).
The majority (82-5 per cent) consist of three, 6-7 per cent of two, and 10-§ per
cent of four segments. The ratio of the length of the mature to that of the gravid

geement varies from 1:2.0tp 1:3-2 (mpgn 1:2. "-'u\ The aravid seoment varies
segment vanes rom ¢ ANe gravig segment varies

from 0-850 to 2-380 (mean 2- 140) mm 1n length and constitutes from 35-2 to 78-2
per cent (mean 56-5 per cent) of the total length.

The position of the genital pore in the mature segment is from 43-8 to 66-7
per cent (mean 51-0 per cent) in the grawd segment from 50- 6 to 80-9 per cent
chdu 607-4 per ceit ) of their | J.cug,ul fromi the anterior umtgul The fesies number
from 28 to 50 (mean 41-3 4 5-7). The testes extend posterior to the vitelline
gland; anterior to the ge enital pore they vary from 12 to 29 (mean 20-2 - 3-1)
and postenor from 12 to 30 (mean 21-1 4+ 3- 5) (Flg 47, 48, 49, 50) The cirrus

sac in the mature segment varies in length from 70-0 to 169 2 (lucau 109-6 4+ 18-8)
microns and in width from 39-2 to 98-0 {mean 633 J- 9-8) microns; in the gravid
segment its length varies from 103-6 to 224-0 (mean 132-0 - 15- 4) microns and its

width from 50-4 to 98-0 (mean 67-8 & 8-0) microns.

Discussion

The description of Hydatigena gramudosa Batsch, 1786 is based on the hydatid
cyst only. The type locality of this parasite is not given, but it is more than likely
that it was collected near Batsch’s home, i.e. Jena or Halle (Vogel, 1964). Further-
more, as the first description of the adult worm is based on material from Breslau
{von Siebold, 1852), the type locality of E. granulosas (Batsch, 1786), by implication,
is Europe (Germany).

Since the type of a species is also the type of its nominale subspecies [Article
61 (a) International Code of Zoologica] Nomenc]ature, 1958] the type locality of

ihe Specws IS also that of the nominaie SUUSpeclcb iiis generduy d,u.t:pl,t:u ihat ihe
“ first reviser * may designate the type locality where it is not given (Mayr et al.,

195‘?;,. ];v 25;) Such ;UHeetéHatte‘n is, vh(h);eﬁ\:t;r eltﬁ)‘jevct"tc;cl(;n;:lltlons laid down by
Recommendation 72 E of the International Code of Zoological Nomenclature, 1958.
This recommendation states:—

Ar niithar wha atthar dacignafas Ar roctrmiote ot
1L GRULLIEVSL FY LIS willlivl uthElluLUJ L LWOLL vl 4 L

his action on one or more of the following criteria:—
(1) the original description of the taxon;
(2) data accompanying the original material;
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(3) collector’s notes, itineraries, or personal communications; and
(4) ag a last resort, localities within the known range of the species or f

which specimens identified with the species have been taken.

If a type locality was erroncously designated or restricted, it should be
corrected .

rom

It therefore follows that the type locality of the nominate subspecies of Echino-
coccus granufosus (Batsch, 1786) must be Europe (Germany) and cannot be New
Zealand as designated by Sweatman & Williams (1963).

In the present investigation the specimens of German origin agree with the
description given by Vogel (1957).  The specimens are smaller than those deseribed
by Vogel, but have the same number and arrangement of segments. The mean
number of testes is lower, but the range of variation of their number (33 to 45) does
not differ significantly from that of Vogel (38 to 52). Vogel found that two-thirds

of the testes are situated anterior to the ovary, the number anterior to the cirrus sac
of the testes are situated anterior to ry, the terior

bt UYL Livliivwl e AU LN WLy O

varying from 9 to 23. In the present investigation the distribution of the testes
was determined taking the opening of the genital pore as the dividing line between
the anterior and posterior halves of the segment. It is therefore difficult to compare
the actnal number in each half of the segment with the data given by Vogel. How-

ever, one of his illustrations shows the testes equally distributed in the two halves

while the other illustration shows the greater number in the posterior half of the
segment.

The South African specimens differ from those from Germany in that they show

a1 3 3 o —~ A ctmaleils maad Taa SRS, RN . S
& greater variation in the length of the strobila and in the number of its segiments.

The number and the distribution of the testes correspond closely. The size of the
cirrus sac in both the mature and the gravid segments shows a greater range of
variation and mean in the South African material.

The material designated the plesiotypes of the nominate subspecies by Sweatman
& Williams (1963) does not taily with E. granuiosus from its type locality, r.e. Europe
{Germany). They differ from the German material both in the number and arrange-
ment of the segments and in the number and distribution of the testes. The New
Zealand specimens usually consist of four segments, but vary from three to five,

40 to 70, the majority situated in the anterior hall of the segment. This New
Zealand material, hence, cannot be designated as the type of the nominate sub-
species, and it is therefore proposed that Echinococcus granulosus newzealandensis

nomen novum replace Echinococcus granwlosus granulosus Sweatman & Williams,
1963,

Revised diagnosis of Echinococcus granulosus granulosus momiinate subspecies novium

Strobila usually three segmenis, second segment sexually mature. Testes 32
to 52, either equally distributed anterior and posterior, or ma

.......... ajority posterior, to the

genital pore. Genital pore at midpoint of the mature segment, posterior to mid-
point in gravid segment.

Host: Intermediate: Primarily sheep, pigs, goats and cattle.
Definitive: Dog and other Canidae,
Type locality: Europe (Germany).
Neotypes: Onderstepoort Helminthological Collection, and Helminthological
Collection, Tropeninstitut, Hamburg,
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Echinococcus granulosus africanus subsp. nov.

This subspecies is based on two of the experimental infestations viz. Bovine I/
Canidae and Ovine 11/dog, jackal, including specimens from a jackal [Canis (Thos)
mesomelas] experimentally infested by Dr. N. Viljoen in Bloemfontein in 1936.
A few representatives of this subspecies were also collected from a naturally infested
dog, locality unknown. Bovine I/Canidae are selected as syntypes; these worms
are given precedence over Ovine Ii/dog, jackal as they were coliected from a larger
number of host species. The specimens of the other two experimental infestations
(Ovine I1/dog, jackal and from the jackal infested by Dr. Viljoen) are regarded as
metatypes.

Syntype

The strobila varies in length from 1-83 to 4-84 (mean 3-16 4- 0-2) mm; consists
of two to four. but usually three, segments. Usually the penultimate is sexually
mature, but in 3-5 per cent the antepenultimate is already sexually mature., The
ratio of the length of the mature to that of the gravid segment varies from [: 1-6
to 1:4-5 (mean 1:2-7). The length of the gravid segment varies from 1-105 to
2:934 (mean 1-794) mm and constitutes from 43-3 to 72-4 per cent {mean 57-6
per cent} of the strobilar length.

The position of the genital pore in the mature segment varies from 38-6 to
615 per cent (mean 49-8 per cent); in the gravid segment from 38-5 to 63-0 per
cent (mean 53-6 per cent) of their length from the anterior margin. The total
nuirmber of festeg varies from 2510 49 (mean 34-3 L 5-8).  The testes extend posterior
to the vitelline gland. Those anterior to the genital pore vary from 14 to 30 (mean
19-4 + 3-4) and those posterior to it from & to 22 (mean 14-9 - 3-1) (Fig. 53).
The cirrus sae in the mature segment varies from 64-4 to 114-8 (mean 87-9 4 12-2)
microns in length and from 33-6 to 75-2 (mean 49-5 4+ 8+1) microns in width;
in the gravid segment it is 78-4 to 131-6 (mean 997 4+ 12-9) microns by 39-2 to
84-6 (mean 55-6 4 6-8) microns.

HWW ZG

FiG. 53.—Sexually mature segment of E. granulosus africanus subspezies nov,
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Metatype

The strobifa varies in length from 2-12 to 6-13 (mean 4-12 4 1-01) mm. The
segments number from two to four, but usually three; the penultimate being sexually
mature. The ratio of the length of the mature to that of the gravid segment varies
from 1:1-5 to 1:3+1 (mean 1:2-1). The gravid segment varies in length from

1-152 to 3-658 (mcan 2 U558} mm and constitutes from 40-3 to 60-7 per cent (mean

:n & nar rantl Af tha tatal lanath
-~ })Ul \-r\.olll-} L Ml LL/LGL l\.«llsl.ll

The position of the gemital pore in the mature segment varies from 45-5 to
64-5 per cent (mean 55-6 per cent), in the gravid segment from 47-1 to 69-7 per
cent (mean 58-5 per cent), of the length from the anterior margin. The resfes
which extend posterior to the vitellaria, vary from 29 to 54 (mean 42-7 1 4-5);
from 17 to 37 (mean 27-2 + 11-7) are anterior and from [0 to 25 (mean 15-5 -~ 2-8)
posterior to the genital pore (Fig. 46). The cirrus sac in the mature segment varies
from §2-0 to 220-9 (mean 161-3 4 30-3) microns in length and from 460 to 100-8
(mean 77-3 4+ 9-1) microns in width; in the gravid segment it is 115-0 to 224-0
(mean 179-2 4+ 9-0) microns by 59-8 to 108-1 (mean 83-9 + 10-7) microns,

Natural infestation

Only four of the parasites from the naturally infested dog were complete. The
strobila varies in length from 2-81 to 3-46 (mean 3-02) mm. It consists of three
segments, the penultimate being sexually mature. The ratio of the length of the
mature to that of the gravid segment varies from 1:1-9 to 1:2-6 (mean 1:2-1),
The gravid segment varies in length from 1-440 to 1-728 (mean 1-594) mm and
constitutes from 50-0 to 56-4 per cent (mean 53-0 per cent} of the total length.

The position of the genital pore in the mature segment varies from 52-0 to 58-8
per cent (mean 556 per Cent) d,Ild in the grawd segment from 52- 3 to 577 per cent
chau 55-4 per cem; of the 16115L11 from the anterior 111:115111 The testes {sevcu
specimens) number from 32 to 47 {mean 39-4 L 5-3). Those anterior to the genital
pore vary from 19 to 28 (mean 23-0 + 3-4) and those posterior from 13 to 21 (mean
16:4 - 2-7). The cirrus sac could be measured in one mature segment only; it is
89-6 by 42-0 microns, in two gravid segments it varies from 117-6 to 1232 (mean
120-4) microns by 61-6 to 70-0 (mean 65-8) microns.

Discussion

Although the number of testes in the syntype material differs from that of the
metatype material and that of the natural infestation, the respective ranges do not
vlradls,

diffar Furthar ag all thraas show the same tvpe nF tactag Hu:-frvknhnn
QIS MmarkKedry. rurtngr, as an umree W0W e Samné Lype 58S

they can be considered conspec1ﬁc. These specimens resemble *“ E. g. granulosus ™
Sweatman & Williams, 1963 in testes distribution, but differ in the number of testes
and in the shape of the seminal receptacle.

Southwell (1927), Lorincz (1933) Nosik (1954) and Gemmell (1959a) found
that £, granulosus may establish itself in the domestic cat, but in no instance were
ova produced. The results obtained with E. g. africanus differ from the above;
six worms, 48 days old, were recovered from a cat infested with Bovine I; the ova

mn these specimens although not yet fully mature, however, appear to be very close

e . omm e A rrm mmemem o wem i rOm e PPN

LU ulau.uu_y' (l 15 .Jl} Jll VICW Ul LllC Dllld.ll lJ.l.l-lU.UClD O1 WOTITS T€COVTica flUlll LhU
cats, these animals do not appear to be the normal hosts of this parasite. These
animals may, however, play some role, at present still undetermined, in the dis-
semination of this parasite.
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Diagnosis

Strobila two to four, but usually three, segments. Penultimate sexually mature,
Genital pore at midpoint of mature-, but beyond midpoint of gravid-segment.
Testes 25 to 54, majority anterior to genital pore. Seminal receptacle dilatation

of vaoina
Vi Yagiiia,

ai
fiosi: Iniermediate: cattie and sheep.

Definitive: Canidae.
Type locality: Transvaal, Orange Free State, South Africa.

Syn- and Metatype: Onderstepoort Helminthological Collection.

Echinococcus granulosus lycaontis Ortlepp, 1934, n.comb.
Syn: E. [ycaontis Ortlepp, 1934.

This subspecies is based on the syntype specimens of E. Iycaontis Ortlepp, 1934
and on Ovine I/Cape hunting dog; included are some specimens collected from a
Cape hunting dog, Rustenburg district, Transvaal.

Syntype

The strobila is up to 5-29 mm long. Tt has from four to seven segments, the
usuali number being five. The third or fourth segment, i.e. the antepenuitimate,

ie eexnally mature Tha ratin of the lenoth of the mature tn that af the oravid
18 sexually mature,  1ne rafio of ne &ngin o6 ne mature o nal of the gravig

segment could be determined in two specimens only; this varies from 1:3:8 to

1:4-4 (mean 1:4-1); the length of the gravid segment (two specimens) is from
2-480 1o 2-520 mm (mean 2-500 mm); il consiilutes from 44-9 to 50-0 per cent
{mean 47-5 per cent) of the total length

The position of the genital pore (five specimens) in the mature segment varies
from 52-6 to 60-0 per cent (mean 56-9 per cent} of its length from the anterior
margin; in the post-mature segment {(defined on p. 55, Part I) it varies from 53-3
to 667 per cent (mean 58-3 per cent), and in the gravid segment from 50:7 to 586
per cent (mean 54-6 per cent), The festes (six specimens) number from 41 to 44
{mean 42-5 -+ 1-4). There are from 24 to 31 (mean 28-2 + 2-3) anterior and from
13 to 17 {(mean 14-3 4 1-6) posterior to the genital pore (Fig. 54). The cirrus sac
in the mature segment (seven specimens) varies from 95-2 to 110-4 (mean 100-7 |-
5-5) microns in the length and from 55-2 to 69-0 (mean 60-2 4 5-3)} microns in
width; in the post-mature segment (four specimens) it is 92-0 to 128-8 (mean 113:9)
microns by 59:8 to 69-0 (mean 65-5) microns. In the gravid segments the size
could not be determined.

Homotype

The strobila varies in length from 4-12 to 7-54 {mean 5-68 £ 0-80) mm. There
are from four to six, usually five, segments, the antepenultimate being sexually
mature. ‘The ratio of the length ot the mature to that of the gravid segment varies
from 1:1-6 to 1:3-3 (mean 1:2-1). The gravid segment varies in length from
1-334 to 2-667 (mean 2-055) mm and constitutes from 22-3 to 45-2 per cent (mean
36-4 per cent) of the strobilar length.

=1
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HW Z0

The position of the genifal pere in the mature segment varies from 389 to
62-5 per cent (mean 54-5 per cent) of its length from the anterior margin; in the
post-mature segment from 47-3 to 667 per cent (mean 60-3 per cent) and in the
gravid segment from 51- 4 to 69-5 ' per cent (mean 58-8 per cent). The number of
wowo varics llUlll JO I.U OU \ummu Uy ‘f j: .' J}, LIIC JIldJUllL_y airc ::uunu,d Cull.\-llUl L\J
the genital pore. Those anterior vary from 34 to 53 (mean 41-5 4+ 5-1); those
posterior from 21 to 34 (mean 26-9 - 4-1) (Fig. 54). The cirrus sac in the mature
segment varies in length from 92.7 to 197-4 (mean 158-9 + 14-2) microns and in

0 1t~ 1AC.1 TR 114, +n thao mAao

Yl Frenin Ad - o i _miatnre ceo-
VVlulll 111l == W luvo 1 \lll\.all 1O L T L= /.a] 1111\11\}113 111 uilw lJULJL lllubulu e s

ment it s 154- 0 to 225-0 (mean 194-6 = 18-8) microns by 67-2 to 97-8 (mean
85-6 4- 6-9) microns; in the gravid segment it is 1820 to 294-0 (mean 217-9 +30-2)
microns by 50-4 to 94-0 {mean 79-0 4+ 13-5) microns.

Natural infestation

The material collected at Rustenburg consists either of immature specimens
or of specimens in which the terminal segment(s) had been lost.

The strobila consists of four segments, the third being sexually mature and the
last segment post-mature.

The genital pore (six specimens) in the mature segment is 44-4 to 61-2 per cent
(mean 52-5 per cent), in the post-mature from 54-0 to 62-2 per cent {mean 5§84
per cent) of the length from the znterior margin. The number of festes (ten speci-
mens) varies from 41 to 59 (mean 47-6 + 5-5). Those anterior to the genital pore
vary from 28 to 40 (mean 31-5 &+ 3-9); and those posterior from 13 to 19 (mean
16:1 4 2-1). The cirrus sac in the mature segment (three specimens) varies in
length from 73-6 to 92-4 {mean 84-4) microns and in width from 41-4 to 56-0
(mean 46-2) microns. In the post-mature segment (four specimens) it is 92-4
to 128-8 (mean 108-2) microns by 56-0 to 39-8 (mean 58-8) microns.

Dicruvcion

AT G AR

The specimens collected from the Cape hunting dog at Rustenburg correspond
closely with the type specimens. Those from Ovine I/Cape hunting dog, however,
differ in the number of testes, and in the size of the cirrus sac.

T6
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Four or more segmenis are described in three other species, viz. E. felidis
(Ortlepp, 1937), E. cameroni (Ortlepp, 1934) and E. granulosus (Wright, 1962),
E. felidis usually consists of four segments, but five may occur (Ortlepp, 1937).
Were the subspecies E. lycaontis identical with E. felidis it would seem reasonable
to expect that the cats infested with the experimental strain would have harboured
at least a few specimens; they, however, were completely refractory. As attempts

tn nfact ailvar 'an:m { 1ulnee rhamn)y ware alen nincuececacefnnl it ie untikaly f]'\';lf fl’\lQ
WUELLIUOL syl TUASG 7 wiple DAL WRID GGV BHLULALGSI WL L S WALy

material is identical with E. egmeroni Ortlepp, 1934 from Vulpes vulpes in England.

In the experimental infestation appreciable numbers of worms were recovered
from only the Cape hunting dogs; this subspecies appears to exhibit a marked
degree of host specificity.

Diagnosis

Strobila usunally five segments, but from four to seven may occur. Antepen-
ultimate segment sexually mature. Genital pore just beyond midpoint in mature,
more posterior in post-mature and gravid segments. Testes not less than 41, majority
anterior to the genital pore.

Host: Intermediate: Sheep.
Definitive: Lycaon pictus.
Locality: Transvaal, South Africa.
Syn- and Homotype: Onderstepoort Helminthological Collection.

Syn: E. ertleppi Lopez-Neyra and Soler Planas, 1943.

The diagnosis of this subspecies is based on specimens identified as E. gmnulosus
by Grﬂep‘p (1934); Lopez-Neyra & Soler Planas U:ﬂ-r.)j consider it to be a new

species, £. ortleppi. The helminths derived from Bovine 11/dog, jackal belong to
this subspecies, as also specimens from three dogs with natural infestations.

St vne

Syniype
Oinlvy ceven of the gnecimenc identified ac E oraniudoce by Oirtlenn 1034Y ~anld
HLY 5CVET Of 1R SpeCimenls 1IGCNUNCA a5 L. granuiosus oy UTrepp (1534) CoWwd

be re-examined.

The strobila varies from 2-99 to 4-11 {mean 342 4 0-48) mm and consists of
three to four, but usually three, segments. The penultimate segment is sexually
mafture. The ratio of the length of the mature to that of the gravid segment varies
from 1:2-5 to 1:4:8 {mean 1:3-0). The gravid segment varies in length from
1-620 to 3-600 (mean 2-119) mm, and constitutes from 51-8 to 87-5 per cent (mean
61-1 per cent) of the total length.

The position of the genital pore in the mature segment is from 50-0 to 609
per cent {mean 55-0 per cent), in the gravid segment from 55-0 to 60-0 per cent
(mean 57-2 per cent), of the length from the anterior margin. The festes number
from 31 to 39 (mean 33-2 + 3-5). The majority of the testes are situated anterior
to the genital pore with no testes posterior te the vitellaria. The number anterior
varies from 18 to 25 (mean 20-6 4 3-0) and posterior from 11 to 14 (mean 12-6 -
1-1} (Fig. 55). The cirrus sac in the mature segment varies from 101:2 to 119:6
{mean 112-0) microns in length and from 55-2 to 69-0 (mean 60-7) microns in
width; in two gravid segments it is 115-0 microns long and 69-0 microns wide.
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Fig. 55.—Sexually mature segment of E. g. ortleppi Lopez-Neyra and Soler Planas, 1943, n, comb.

Syntype.
Homotype

Natural z'nfestatiom From three dogs with natural infestations 11, i4 and 20
worims respectively were examincd. The strobila varies in length from 2 03 tc 4-25

{mean 2-92 +0-2) mm. They consist of three segments, the second one bemg
sexually mature. The ratio of the length of the mature segment to that of the
gravid varies from 1: 1-710 1: 4- 3 (mean 1:2-8). The iength of the gravid segment

romn 0-864 to 2- Qn {mean 1-70% mm, and constitutes from 42-6 to 66-1 per cent

L,
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{mean 57-0 per cent) of the 1ength of the strobila.

The genital pore in the mature segment is situated 43-8 to 611 per cent (mean
523 per cent) from the anterior margin; in the gravid segment it is 54-1 to 74-4,
per cent (mean 60-9 per cent). The testes number from 28 to 42 (mean 34-9 4+ 3-2),
from 19 to 28 (mean 22-0 £ 2-0) anterior to and from 9 to 18 (mean 12-9 + 2-1)
posterior to the genital pore. The testes distribution resembles that of the syntypes,
The cirrus sgc in the mature segment is from 69-0 to 128-8 (mean 108:6 + 16-7)
microns long and from 33-6 to 7§-2 (mean 5874+ 9-7) microns wide; in the
gravid segment it is from 86-8 to i38-0 {mean 105 3 4 i7-0) microns by 41-4
to 69-0 (mean 55-3 £ 8-5) micromns.

Experimental infestations: The strobila of the specimens resulting from the

cxperimental infestations (Bovine 11/dog, jackal) varies in length from 2-59t0 7-01

(mean 4-90 + 0-7) mm. The strobila consists of two, three or four, usually three,
segments, the penultimate being sexually mature. The ratio of the length of the
mature to that of the gravid segment varies from 1:1-0 to 1:6:1 (1:3-3). The
gravid segment varies from [-250 to 5-080 (mean 3-190) mm in length and consti-
tutes from 39-4 to 91-4 per cent (mean 64-6 per cent) of the total length,

The position of the genmital pore in the mature segment is from 40-0 to 67-6
per cent (mean 49-4 per cent), in the gravid segment from 46-9 to 68 per cent {mean
55+9 per cent), of their length from the anterior margin. The festes number from
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25 to 47 (mean 32- 2 + 4 0) those anterior vary from 13 to 28 (mean 20-2 -+ 2-7)

and those posterior from 8 to 19 (mean 12-0 - 2-3). The cirrus sac in the mature
segment varies in length from 36-0 to 182-0 (mean 91-9 - 20-9) microns; the
width from 28-0 to 92-4 {mean 59-1 4 11-1) microns; in the gravid segment it is

89_-6 to 154:0 (mean 125-2 4 14-4) microns by 56-0 to 81-2 (mean 65-9 4- 5-3)

miorang
IHCTONG,

Discussion

E. g. ortleppi and E. g. africanus resemb]e one another in the number and the
to the vitellaria. This appears to be a valid criterion as only 0-5 per cent of the
specimens derived from the experimental infestation did not conform. A further
difference between these subspecies is that the dog and jackal appear to be equally
susceptible to infestation with E. g. ortleppi but the dog appears to be less susceptible
to E. g. africanus than is the jackal.

Diagnosis

trobila two io {our, usually three, segments; penuitimate sexually mature,

ila
Teste s 25 to 47; majority anterior fo gﬂmtal pore; none posterior to vitellaria.

Host: Intermediate: cattle.
Definitive: Canidae [domestic dog, C. (T.) mesomelas].

Locaiity: Transvaal, South Africa.
Syn- and Homotype: Onderstepoort Helminthological Collection.

rtlepp, 1937, n.comb.

Syn: Echinoceccus felidis Ortlepp, 1937,

This subspecies is based on the type specimens of E. felidis Ortlepp, 1937 and

additional specimens from four lions, collected in the Transvaal (Kruger National

Park and Louis TT’IChardt\ and in Southern Rhodesia (Ka?lba} The author is

indebted to Dr. Roth, Veterinary Department, Southern Rhodesia for the Kariha
material.

Syntype

The sirobila in fifteen heiminths varies in length from 3-42 to 5-33 (mean
4-21 + 0-6) mm, consisting of four or five, but usually four, segments. The third
segment is sexually mature in all the specimens.  The ratio of the length of the mature
to that of the gravid segment Vanes froml:1-6t01:3-4 (mean 1:1:9). The gravid

NANQ 4~ N TNS

segment is 1-008 to 2-196 (mean 1-836) mm long and constitutes from 41-1 to
48-8 per cent (mean 44-1 per cent) of the total len

The genital pore in the mature segment is situated from 38-5 to 70-4 per cent
(mean 56-2 per cent), in the post-mature segment from 53-5 to 64-1 per cent (mean
59-3 per cent), and in the gravid segment 615 to 72-2 per cent (mean 66-6 per cent)
of the fength from the anterior margin. The festes number 30 to 46 (mean 366 +
4-2), They extend from posterior to the vitellaria to close to the anterior margin
of the segment, the majority being anterior to the genital pore. There are from
19 to 29 (mean 22-9 4 2-5) anterior and from 10 to 18 (mean 13-7 4 2-3) posterior
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to the genital pore (Fig. 56a). The cirrus sac in the mature segment is from 115-0
to 174-8 {mean 148.2 L 15-5) microns long and from 55-2 to 92-0 (mean 77-3 -
13-3) m1crons wide; in the grav1d segment it is 142-6 to 207-0 (mean 1769 + 21-7)
microns by 64:4 to 96:6 (mean 83-2 -+ 10-2) microns.

—
\,

/0

Wi S\-0

F1G. 56.—Sexually mature segment of E.g. felidis Ortlepp, 1937 n. comb.
a. Syniype
b. Specimen from Kariba

Homotype

Natural infestations: The strobila varies in length from 2-124 to 5-220 (mean
3:239 + 0-3) mm. It consists of three segments in 18-35 per cent, of four in 47-0
per cent and of five in 34-5 per cent of 64 specimens. The penultimate segment
was usually sexually mature but in 20-3 per cent of the worms the antepenultimate
is sexuallv mature. The ratio of the length of the mature to that of the gravid
segment varies from 1:1-1 to 1:3-0 (mean 1:1-7). The gravid segment varies
from 0-684 to 1-980 (mean 1-381) mm in length and constitutes from 30-4 to 51-1
per cent {mean 40-4 per cent) of the total length.

ot

P -~ & cen $ad ganaen 4
The position o e genital pore in thu mature segment varies from 38-0 to

£ 4+ ra o o
A W v owplliviii ya
63-2 per cent (mean 51-8 per cent) of its

L.

ength from the anterior margin; in the
post-mature segment this varles from 41- 4 to 67-4 per cent (mean 56-3 per cent)
and in the gravid segment from 45-4 to 65-9 per cent {(mean 63-2 per cent). The
festes mumber from 28 to 45 (mﬂan 35.9 1 - 3 5), the number anterior to H"P Uenltﬂl
pore varies from 18 to 32 (mean 23-3 + 2-8) and posterior from 9 to 17 (mean
12-6 + 1-9). The cirrus sac in the mature segment varies in length from 82-8 to
2024 (mean [29-4 -+ 24-0) microns, in width from 46-0 to 1058 (mean 64-9 - 9-9)
microns; in the gravid segment it is 147-2 to 188-6 (mean 164-3) microns by 64-4
to 82-8 (mean 71-6 + 5-9) microns.

In those specimens in which the antepenultimate segment is sexually mature, the
cirrus sac, in the post-mature segment, is 147-2 to 184-0 (mean 1599 4 13-7)
microns by 56-0 to 782 (mean 71-7 &+ 9-3) microns.
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Specimens from two of the hosts, collected at Kariba and in the Kruger National

Park, differ in that there are no testes posterior to the vitellaria (Fig. 56b).

Discussion

With the exception of the difference in testes distribution in two of the hosts the
specimens from the five lions show very little variation, Although some specimens

(20 per cent) resemble E. g. lycaontisin the position of the mature segrnent E, g Jfelidis
differs from it in having three to five instead of four to seven segments,

Diagrosis
Strobila three to five, usually four, segments. Penultimate or antepenultimate

scgment sexually mature.  Geniial pore just posterior to midpoint in mature, more
postenor in post-mature and gravid segments. Testes 28 to 46 in number, majority
anterior to genital pore, may or may not be present posterior to the vitellaria,

Host: Intermediate: Unknown,
Definitive: Panthera Ieo,
Locality: Transvaal, South Africa.
Syn- and Homotype: Onderstepoort Helminthological Collection.

Key to South African subspecies of Echinococcus granulosus (Batsch, 1786)
1. Testes equally distributed, or majority posterior to the genital

PO . e e granulosus
Testes mainly anterior to the genital pore................. 2
2. In felines; three to five, usually four, segments............ Jfelidis
In canines; two to seven segments...............c.c.oou.n.. 3
3. Four to seven, usually three, segments; antepenuitimate sex-
uwally mature.......... ... e Iyecaontis
Two to four, usually five, segments ; penultimate sexually mature 4
4. Some testes present posterior to the vitellaria. ... ... .. .... africanus
No testes posterior to the vitellaria............_.......... ortleppi

5. Extra-African material

Echinococcus granulosus borealis Sweatman & Williams, 1963

Prof. T. W. M. Cameron, Canada and Dr. R, Rausch, Alaska, provided speci-

mens from domestic dogs, the specimens from three of the dogs being from experi-
mental infestatione,

Experimental infestations

The strobila of 27 parasites varies in length from 2-952 to 5-720 mm (mean
4-081 £ 0-8 mm). The gravid specimens consist of three segments, the second

o +1 bt Af tlha lam et Al dlin s ntizws oacos At
bemg sexc.aﬂ_,' matugre. In4s SyyCLmCﬂS the ratioc of the WCikEUL O1 the mature BCENICHL

to that of the gravid is from 1:2-1 to 1:3-8 (mean 1:2-2). The gravid segment
varies from 13584 to 3-348 (mean 2-412) mm; and constituies liom 51-2 to 69-8
per cent (mean 56-5 per cent) of the total length.
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The genital pore in the mature segment is from 35-7 to 60-0 per cent {mean
533 per cent) of 1ts length from the anterlor margin; in the gravid segment 51 9
o 7i-2 per cent kmean 57-1 per Lcnl) The fesies 1 48 SPECIineiis nuimber from
32 to 51 (mean 39-1 4+ 5:0); 16 to 30 {mean 21-6 + 2-9) are anterior and 11 to 26
(mean 17-5 + 3-0) posterior to the genital pore. The ¢irrus sac is round. In the
mature seoment it varies in lcngth from 96 6 to 196 0 (mean 135 2 4+ 22-3) microns

and in widih from 53:2 t0 98-0 Ullcau 765 4 11- 1) IMICT OIS, in the 51av1d acgmuuu
it is 106-4 to 196-0 (mean 162-3 + 17-7) microns by 56-0 to 103-6 (mean 83-8 &

9-1) microns.

Natural infestation

These pr\.u‘ﬁeﬂs had either lost their last seg‘l“nt of were immatuic The
strobila consists of two or three segments, the last one being sexually mature One
specimen, 2-700 mm long, appears to be complete; it consists of three segments,

the second one being sexually mature.

The genital pore in the mature segment (ten specimens) is from 40-0 to 65-4
per cent (mean 505 per cent) of its Tength from the anterior margin; in the one
gravid segment 59-35 per cent. The fesfes number (seven specimens) from 2§ to 35
(mean 31-7 4 3-2), from 16 to 20 {mean 18-0 4 1-9) are anterior and from 12 to
15 (mean 13-7 4 2-0) posterior to the genital pore. The cirrus sac in the mature
segment (nine specimens) varies from 92-0 to 1i9-6 (mean i06:3 4- $-3) microns
by 55:2 to 78-2 (mean 64-4 4 7-6) microns.

Discussion

The above two sets of speeimens differ from the deseription given by Sweatman &

Williams (1963) in that the cirrus sac is larger and the ratio of the length of the
mature to that of the gravid segment is 1:2-2 instead of 1:3-0. The lower limit
of the range of variation of the number of testes is 28 and not 36; however, the
distribution of the testes relative to the genital pore is the same. In all other respects
ihese worms agree with the descripiion given by ihem,

Proposed revised diagnosis

Strobila three to five, usually three, segments. Penultimate segment sexually
mature. Testes 28 to 55, majority anterior to genital pore. Cirrus sac round.

Host: Intermediate: Cervids, pariicularly moose {Alces alces).
Definitive: Canidae,

Type locality; Northern Ontario, Canada,
Plesiotype: USDA. Specimen No. 59724 (Sweatman & Williams, 1963).

Echinococcus granulosus canadensis Cameron, 1960.

Prof. T. W. M. Cameron kindly provided specimens from an experimental
infestation of a dog with maierial of reindeer origin, and of & naiural infesiation
of a wolf, Canis lupus, from Canada.

Experimental infestation

The specimens from reindeer/dog are not suitable for study. They consist of
two segments only; the first is not yet sexually mature while the terminal one contains
immature ova.
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Natural infestation

The specimens from the wolf are incomplete, consisting of only two segments,
the last being sexually mature. The genital pore in the mature segment (eight speci-
mens) is 50-0 to 57-1 per cent (mean 53-0 per cent) of the length of the segment
from the anterior margin. The number of festes (six specimens) varics from 28 to
36 (mean 316 + 3-2) and they are equally distributed in the two halves of the
segment. Those anterior to the genital pore number 13 to 18 (mean 15-8 - 2-0)
and those posterior 14 to 18 (mean 15-8 + I-5). The cirrus sac in the mature
segment (eight specimens) varies from 114-8 to 168-0 (mean 139-1 4 17-9) microns
in length and from 560 to 92-4 (mean 80-3 = 12-1) microns in - sidth,

Discussion

The specimens from the wolf differ from the description given by Sweatman &
Williams (1963) in that the complete strobila wonld apparently consist of thiee
segments. According to Sweatman & Williams (1963} the strobila usually consists
of two segments, but three may occur. Sweatman & Williams found that the
majority of the testes are posterior to the genital pore, but in the specimens from
the wolf the testes are equally divided in the two halves of the segment. It has
already been pointed out, however, that this difference in testes distribution is also
encountered in E. g. gramdosus and is related to the degree of development of the
genitalia. The genital pore is situated at or just posterior to the midpoint of both
the mature and the gravid segment, while Sweatman & Williams found it to be
anterior to the midpoint. The cirrus sac in the specimens from the wolf is longer
ihan that reported by Sweatman & Williams. In Part 1, however, it has been shown

that the length of the cirrus sac is variable and that no significance can be attached
to it.

Strobiia usually two, sometimes three, segments. Penultimate sexually mature.
Testes 21 to 40, either equally distributed anterior and posterior, or majority posterior
to the genital pore.

Host: Intermediate: Reindeser (Rangifer tarand;

IR Al . Relncoor

-~
s

Type locality: Aklavik, NNW.T., Canada.
Plesiotype: USDA. Specimen No. 59725 (Sweatman & Williams, 1963).

Echinococcus granulosus newzealandensis rnom. nov.
Syn: E. g. gramulosus Sweatman & Williams (1963)

Specimens from New Zealand were made available by Dr. L. Whitten, New
Zealand, and by Prof. T. W. N, Camcron, Canada, and specimens from a natural
infestation of two dingos, Canis dingo, from Queensland, Australia by Dr. R. Rick,

Australia.
New Zealand specimens

The strobila of 20 specimens vary in length from 2520 to 4-320 (mean 3-398 4+
0-5) mm. The segments are three or four in number, the penultimate one being
sexually mature. The ratio of the length of the mature to that of the gravid segment

']
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varies from 1:1-5to 1:3-2 {(mean 1:1-9), The gravid segment is 0-936 to 2-160
{mean 1-728) mm long and constitutes from 43-5 to 55-7 per cent (mean 48-9 per
cent) of the total length.

The genital pore in the mature segment is 43-8 to 61-5 per cent (mean 57-3
per cent) of its 1ength from the anteriOr margin, in the gravid segment this varies
from 53-2 to 660 per cent Ullcau 58-5 per cem; The testes nuitiber 34 to 52 { Jncan
43-0 L 4-7); those anterior to the genital pore 21 to 33 (mean 25-0 4 2-8) and
those posterior 11 to 25 {mean 18-0 i 3 -9). The cirrus sac in the matyre segment
is from 112-0 to 184-0 {mean 147-7 4 24-4) microns long and 598 to 92-0 (mean
76-7 4+ 24-4) microns wide; in the gravid segment 112-0 to 207-0 (mean 174-1 L+
25-9) microns by 59-8 to 92-0 {mean 77-7 + 8-7) microns.

Australian specimens

The strobila of nine complete specimens varies in length from 2-520 to 7-200
(mean 4-G78 - i-7j mm. It comsists of three or four scgments, the penultimate
one being gexually mature. The ratio of the length of the mature to that of the
gravid segment varies from 1:1-1 to 1:2-0 (mean 1:1-6). The gravid segment
varies in length from 1- 008 to 2-556 (mean 1-646) mm and constitutes from 30-0

it fanae A1 aoT oan
jo 48-3 per cent {(imean «1- -5 pcer bblll.} of the ! ngth of the strobila,

'The genital pore in the mature segment is from 47-1 to 64-9 per cent [medn
56-2 per cent) of its length from the anterior margin; in the gravid segment this varies
from 56-9 to 59-2 per cent (mean 58-1 per cent). The festes (18 specimens) vary
in number from 40 to 60 (mean 50-8 + 6-3); from 25 to 41 (mean 32-7 4 4-5)
anterior and 14 to 22 (mean 18-1 4 2-5) posterior 1o ihe geniial pore. The cirrus
sage in 12 mature Segments varies in 1#{1(7”1 from 112-0to 1004 (mp:m 137-4 + 26 1\
microns and in width from 42-0 to 78 4 (mean 67-4 4+ 10- 4) microns; in three
gravid segments from 168-0 to 207-0 {mean 183-5) microns by 64-4 to 96-6 {mean
%4-3) microns.

Discussion

The above specimens tally well with the description of “ E. granulosus granu-
fosus” Sweatman & Williams (1963). As already pomted out the Australas1an

material cannot be considered ihe nominale subspecies hence it is proposed that the

name be changed to Echinecoccus gramulosus newzealandensis.

Praposed revised diagnosis

Strobila three to five, usually four, segments Penultimate or antepenultimate

segment sexuauy mature. Genital pore just pUbLt.uUI to uuupuhu in mature, more
posterior in gravid segment. Testes 34 to 70 in number, majority anterior to genital
pore. Seminal receptacle large and round.

Hogt: Intermediate: Primarily domestic sheep, bovids and domestic pigs.
Definitive: Dog, dingo.

Type locality: New Zealand.

Plesiorype: USDA. Specimen No, 59723 (Sweatman & Williams, 1963).
Echinococens multilocularis sibiricensis Rausch & Schilier, 1954

Prof. T. W. M. Cameron and Dr. R. Rausch kindly provided specimens from
six dogs; specimens from three dogs were from experimental infestations.
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The strobila in 86 specimens varies in length from 1-080 to 3-096 (mean 1-887 -
0-6) mm. The number of segments in 75 specimens varies from three to five; 280
per cent consists of three, 69-3 per cent of four and 2-7 per cent of five, segments.
The penultimate or zntepenultimate segment is sexually mature. In the 41 days
old specimens the penuftimate segment is sexually mature in 955 per cent, in 62 and
73 days old specimens the antepenultimate segment is sexually mature in 80-0 and
84-8 per cent respeciively. The railo of ihe lengih of the mature to that of the
gravid segment varies from 1:1-2 to 1:3-8 (mean 1:1-6). The gravid segment
varies in length from 0-324 to 1-152 (mean 738-0) mm and constitutes 220 to
46-0 per cent (mean 34-0 per cent) of the total length.

The genital pore in the mature sezment is from 20-0 to 42-8 per cent (mean
34-2 per cent) of its length from the anterior margin; in the post-mature segment
this varies from 208 to 47-6 per cent {mean 33-3 per cent) and in the gravid from
25-0 to 45-5 per cent (mean 33-8 per cent). The festes number from 12 to 22
(mean 17-4 - 2-4); from O to 6 (mean 3-4 + 1-7) anterior and from 9 to 19 (mean
14-0 + 2-1) posterior to the genital pore. The cirrus sac in the mature segment
varies in length from 50-4 to 1092 (mean 74-0 £ 15-6) microns and in width from
28-0 to 536-0 (mean 401 -+ 8-2) microns; in the post-mature segment from 58-8
to 92-0 (mean 77-8 4- 8-7) microns by 32-2 to 61-6 {mean 42-5 + &-8) microns;
in the gravid segment from 72-8 to 112-0 (mean 8§-% - 15-4} microns by 36-4
to 50-4 (mean 44-1 4 1-6) microns.

Discussicn

The specimens studied agree with the description given by Vogel (1957) in
the number and arrangement of the segments, the position of the genital pore and
the structure of the ovary and the gravid uterus. They have fewer testes, 12 to 22,
mean 17-4, but the range does not differ significantly from that given by Vogel,
14 to 31, mean 22. In this Investigation the testes distribution was determined
relative to the genital pore and not relative to the cirrus sac, as was done by Vogel,
which accounts for the discrepancy in the number of testes anterior to the genital
pere and cirrus sac. In the present investigation 0 to 6 (mean 3-4) are anterior
to the genital pore while Vogel found 0 to 5 (mean 2-3) anterior to the cirrus sac.

=

Echinococcus oiigariirus (Diesing, 18637 Cameron, 192

Prof. T. W. M. Cameron and Dr. R, J. Ortlepp each made two specimens of
this species available for study in the present investigation.

The strebila of three specimens varies in length from 1-80 to 2-48 (mean 2+ 06) mm.
There are three segments, the second being sexually mature. The ratio of the length
of the mature to that of the gravid segment varies from 1: 1-9to 1: 2-4(mean 1:2-1).
The gravid segment varies in length from 0-90 to 1-26 {mean 1-07) mm; it consti-
tutes from 50-0 to 347 per cent {mean 51-8 per cent) of the sirobila length.

The genital pore in the mature segment is from 33-3 to 38-9 per cent (mean
35-2 per cent) of its length from the anterior margin; in the gravid segment this is
from 40-0 to 43-3 per cent (mean 42-3 per cent). The festes (four specimens)
number from 21 to 33 (mean 26-5); from 7 to 16 (mean 9-5) are anterior and from
12 to 23 (mean 17-0) posterior to the gemtai pore. The cirrus sac in the mature
segment varies in length from 55-2 to 70-0 (mean 62-6) microns and in width from
36-8 to 39-2 (mean 38-0) microns; in three gravid segments it is 50- 6 to 72-8 {mean
62-6) microns by 46:0 to 47-6 {(mean 47-1) microns.

oz
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Discussion

The four specimens described above vary in their testes distribution, Three
specimens with a total of 21 to 30 (mean 24-3) testes have seven to eight (mean
7-3) anterior and 13 to 23 (mean 17-0) posterior to the genital pore. One specimen
has 33 with 16 anterior and 17 posterior. Three of these specimens therefore show
the same type of distribution as does E, mu!ri!ocuiaris, but they have more anterior

Al

to the genital pore than has E. mudiilocularis.

According to Cameron (1926) the genital pore is just anterior to the midpoint
of the segment. Rausch & WNelson (1963) also found it anterior to the midpoint,
but did not specify its exact position. In the above specimens it corresponds with
that of E. multilocularis where it is well anterior to the midpoint.

The testes number and distribution together with the position of the genital pore
suggest a close relationship between £. oligarthrus and E. multifocularis. Further,
there seeris io be resemblance between the two in their host pret‘erences E. ah‘-

FeeT) iy I
Qﬂrfh”!.f has heen recoversd from felines O"‘l}’, while E. mudtilocularis utilizes IUA,

the domestic dog and the domestic cat. Cameron (1926) considered E. cruzi Brumpt
& Joyeux (1924) from Dasyprocm agouti in Brazil conspecific with E. ofigarthrus
{Diesing, 1803}, but this has not been proved experimentaily.

DiscussioN

Diagnostic criteria

and number of the testes and host specificity, as criteria in the taxonomy of £.

granulo.sus have possibly been over-estimated. These criteria will only be con-
clusively validated if they prove constant in subsequent generations of ail the strains,
as they have been shown in Porcine 11, It is on the basis of thc above criteria that
E. granulosus specimens from South AfTican carnivores are placed into five sub-
species; until these criteria are invalidated the separation of subspecies based on them

must be accepted.

The reliability of the number and arrangement of the segments, the distribution

The criterion most suspect is the absence of testes posterior to the vitellaria.
The specimens derived from the experimental infestation (Bovine 11} show but little
variation in {his respect. Naiurai infesiations of E. g. feiidis, however, show more
variation. Should subsequent generations of E. g, ortleppi show a similar variation,
it would then have to be considered conspecific with £. g. afticanus which consistently
shows testes posterior to the vitellaria,

E. g. granulosus new designation may be separated from the other four sub-
species described in this paper in that in it the testes are either equally distributed
in the two halves of the segment, or the majority are in the posterior half, whereas
in the rest the majority of the testes are in the anterior half. These four subspecies
may be differentiated from each other either on other morphological criteria and/or
on their host specificity. Thus, although E. g. ortleppi and E. g. africanus differ
morphologically only in the presence or absence of testes posterior to the vitellaria,
they also differ in host preferences; the domestic dog and the blackbacked jackal
being equally susceptible to E. g. ortleppi with the domestic dog the less susceptible
i0 E. g. africanus. E. g. Iycaontis may be diagnosed on the number and arrangement
of the segments, but also on its marked specificity to the Cape hunting dog.
E. g. felidis may be diagnosed on the number of the segments and its marked host
specificity for the lion in which it is common, usually being present in great numbers.

Qr
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Geographical distribution

Sweatman & Williams (1963} are of the opinion that £. g. newzealandensis (their
E. g. granulosus) is more or less cosmopolitan in its distribution. This subspecies
as yet has not been found in South Africa. The only subspecies which proved
common to Southern Africa and another continent, is the (new) nominate sub-

cnaniac B oo oe
species L. g. gramulosus from Eurcpe.

In South Africa the cystic stage of E. g. granulosus novum designation has to date
only been recovered from pigs and man. The neotypes from the type locality are
derived from hydatid cysts from pigs but it is not known whether in Europe other
domestic livestock may not act as intermediate hosts. Batsch’s (1786) record of
Hydatigena granulosa from sheep suggests that they may do so; experimental proof,
however, is still wanting. The maintenance of the subspecies in South Africa (a
direct introduction from Europe?) is probably due to the ease with which the cycle
between pigs and domestic dogs can be completed. Its maintenance through other
channels is problematical The parasites from the Blackbacked jackal resulting
from experimental infestations with scolices of human origin (Human strain, Part T}
appear to develop extremely rapidly; at 35 days these parasites, besides being larger,
contalned a]most mature ova; they were more advanced in their deveiopment than

............. A aga \C‘.,-,\m thn Anmmantia Cimilarly thoay davalaned
willinany iy Geveiopia

more rapidly than did E. g. gfricanus and E. g ortleppz examined at the same age.
It is thus apparent that the blackbacked jackal would be a suitable host for
E. g. granulosus.  Were it to become infested it could be surmised that a sylvatic as

cunln ranld ha actahlichad n Qnufh A'Fﬂnq LI(‘\\‘J’P"TPV' thls 1:' |'\11i' a

11 vl b2
WeEll ds an urodain \._y\.uu uuuu.l L LOoLalULIOLIN il £ x1EX

remote possibility in that pig and/or man are unlikely prey for this small carnivore.

E. g. afvicanus has been recovered from the Transvaal and the Orange Free State.
The Cape hunting dog and the blackbacked jackal appear to be more suitable hosts
for this parasite than is the domestic dog. The Cape hunting dog undoubtedly
piays some roie in its dissemination in ihe Transvaal, bui the blackbacked jackal
probably plays the more important role in its total dissemination, The wider distri-
bution of E. g. africanus may also be due to its ability to utilize both cattle and sheep
as mtermedlate host, whereas E E ortleppz apparently only utilizes cattle. Under

naiural condiiions the blackbacked jackal rairely hias access to cattle viscera but as
it preys on sheep it can p l ay a major role as a disseminator in sheep-rearing areas.

E. g. ortleppi has been recovered from the Transvaal only. As the domestic
dog and the blackbacked jackal appear to be egually susceptible to infestation, it
seems reasonable to assume that this subspecies also occurs in other parts of the
country. The apparent restriction may be more apparent than real since almost
all of the dogs examined were from the immediate vicinity of Pretoria. Should
E. g. ortleppi prove to be restricted to the Transvaal this may be the consequence of
its host preferences. Its cystic stage was collected from the Pretoria Abattoir from
cattle, originating from the Transvaal Bushveld. This area, together with the
Northern Cape, forms the main beef-rearing area of the country. If cattle were the
preferred intermediate hosts possibly more widespread collections would show a
greater recovery from the beef-rearing, than from purely dairying areas.

E.g. felidis and E. g. lycaontis do not occur south of the Transvaal, a
hosts, i.e. lions and Cape hunting dogs respectively, are absent from these regions.
The lion and the Cape huntmg dog, however, occur in parts of South West Africa
and the a.djacent Northern Cape; it is therefore possible that these two subspecies

amm vy wrnd lan Fmvren A o oo
may yoi o 1ounda in thesc areas.

W

g

87



REVIEW OF ECHINOCOCCUS SPECIES IN SOUTH AFRICA

Indigenous carnivores as disseminators of hydatidosis

In view of the host specificity shown by some of the subspecies of E. granulosus,
and of the variety of the indigenous carnivores in South Africa, the relatively large
number of subspecies recovered during this investigation is not wholly unexpected.
North America also has a varied carnivore fauna from which E. multilocularis as
well as two subspecies of E. gramulosus (i.e. E. g. horealis and E. g. canadensis) have
been recovered.

The domestic dog undoubtedly is the most important source of infestation of
domestic livestock in this country. It is susceptible to infestation with £. g. granulosus,
F.g. africanusand E. g. ortleppi. 1t is less susceptible to infestation with E. g, ofricanus
than is the blackbacked jackal, but nevertheless is one of its dlSSGI‘IllIldtOI‘S Tt
probably plays a more important role than does the blackbacked jackal in the dis-
semination of E, g. gramulosus. It does not appear to be a vector of any significance

of F. g. lycaontis.

The domestic cat does not appear to be important in the dissemination of any

of the South Afr1can subspecres This ﬁndmg must, however, be confirmed experi-
mentally, as a small number of E. g. africanus have become patent in it. Further,

a few specimens of E. g. ortieppi were recovered from a cat 35 days after infestation,
]‘ulf none mukmmnnpnﬂy

~

The blackbacked jackal |C. (T.) mesomelas] is common and widespread through”™
out South Africa. It was proved a suitable host for . granulosus sensus latus by
Gough (1908) and Viljoen (1937). The present investigation also shows it to be a
Su1table host for E. g. granulomv E, g a]’mmnus and E. g. 0rtlepp1 it undoubtedly
plays an important role in nucmng domestic livestock with hydatidosis. its role
as a vector of E. g. granulosus in Southern Africa is difficult to assess as the cystic
stage of this parasite has so far only been recovered from pigs (and man) and under
normal circumstances, this animal wou]d not have access to pig viscera. Likewise
under natural conditions the blackbacked jackal would Td,rcly g4in access (o cattle
viscera, and therefore probably can play but a small role in the dissemination of
E. g ortleppi.  As it preys on sheep it plays a major role in the dissemination of
E. g africanus in sheep-rearing areas.

The Cape hunting dog, Lyeaon pictus, formerly had a wide-spread distribution,
but is now aimost entirely restricted to two National Parks and adjacent areas.
In these areas, i.e. the Transvaal Bushveld, Northern Cape and South West Africa,
it would play a major role in the dissemination of E. g. africanus and E. g. lvcaontis.
Since Cape huntmg dogs are not readrly available it was not posmble to determine

cxperimentally the suitability of ihis carnivore as a host for F. g. ortleppl and
E. g. granulosus.

The lion, Panthera leo, like the Cape hunting dog, formerly had a wide distri-
bution, but is now restricted to the same areas as the Cape hunting dog.  As no
lions were available it was not possible to test them with any of the experimental
strains; it is therefore not known whether this animal is susceptible to infestation
with any subspecies other than E. g. felidis. The cystic stage of this parasite is
unknown, but wild herbivora probably are its intermediate host. Hydatid cysts
have been recovered from the blue wildebeest (Gorgon taurinus) and off the zebra
(Equus burcheiii) in the Caprivi Strip, South West Africa (Verster, 1962); both the
lion and the Cape hunting dog occur in this area. 1t is thus possible that cysts may
represent the cystic stage of either E. g. felidis and/or L. g. lvcaontis. Lions and
Cape hunting dogs from this area have not yet been examined for the sexual stage.

Q0
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Numerous hydatid cysts were present in the liver of a warthog (Phacochoerus aethio-
picus) from Northern Rhodesia (Verster, 1962); these cysts may represent the cystic
stage of either E. g. felidis or E. g. Iycaontis as both the lion and the Cape hunting dog
are m(lilgenous to Northern Rhodesia and there is a close association between these
animals

The silver fox, Vulpes chama, occurs in most pa_rfq of Sonth Africa, but, unlike
the blackbacked jackal is comparatwely rare. It is possible to infest these animals
experimentally with £. g. africanus, but only a few parasites become established and
their development is retarded. TFurther, as this animal does nol prey on sheep,
but primarily feeds on small mammals, it can but play a negligible role in the dis-

semination of hydatidosis of domestic livestock.

Cameron & Webster {1959) recorded Echinococcus sp. from an unidentified
hyaena in East Africa; Nelson & Rausch (1963) recovered ** E. granulosus ** in Kenya
from three of 19 spotted hyaenas (Crocuta crocuta). As yet no E. granulosus sub-

ics have been recovered fro hyaenas in South AFnrvu

maria i
pUrLivs iave [ Sy rom ffyallicn 1 S0

Eckmococcus Spp: have not yet been retovered from the side- stnped Jackal
Canis Unu.)) ddusing \1‘461501‘1 and l\a'LiSL“,ﬂ 17&).3} This animal is Juauu_y LLUplbal,
hence in South Africa restricted to the lowveld of the Transvaal. It is unlikely that

it is a vector of any importance, as it mainly preys on small mammals, and further,
in South Africa does not occur in sheep-rearing areas.

The bat-eared fox, Otocyon megalotis, has not yet been found infested with these
parasites, but as it preys mainly on small rodents and large insects, it is unlikely
to be exposed to infestation by any of the presently known South African subspecies.

The aard wolf, Proteles cristatus, also is not likely to be incriminated as a vector
as it feeds mainly on termitea An attempt to infest this animal with Echma coccus Sp.

(Verster 1964).

Nelson & Rausch (1963) concluded that * the main cycle of transmission in
Kenya is between dog and domestic livestock 7, and that cycles involving wild
carmivores and herbivores are relatively ummportant These investigations have
shown that in South Africa, however, wild carnivores are important veciors. The
blackbacked jackal may play but a suborinate role to the dog in the dissemination
of these parasites, yet 1t is an important source of infestation to domestic livestock.
The Cape hunting dog with a restricted distribution, is of lesser importance. Should
E. g. felidis prove capable of utilizing domestic livestock as intermediate hosts, then
the lion still would not be an important vector as, like the Cape hunting dog, it has
but a restricted distribution.

In South Afrira domestic livestock are undoubtedly the most important dis-
seminators of echinococcosis, their relative importance probably varying in the
different regions. In restricted areas wild herbivores are probably important. As
the size of the rostellar hooks cannot be used for specific identification, the various
herbivores cannot be related to the subspecies of the parasite. For example,
E. g. ortleppi has cystic hooks of the same size as has E. g. granulosus of porcine origin
and the mean of these differs from that of E. g. africanus by only 3 microns.
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At present it is impossible directly to assess the role of wild herbivores in the
life-cycle of the subspecies of E. granulosus. The blue wildebeest, the zebra and
the warthog are all incriminated by single records of cysts in South Africa (Verster,
1962). Nelson & Rausch (1963) found one blue wildebeest infested in Kenya

Tha frmaeala ol meio) r-f:f'l1fnn 25 ner cent of the nrev of the
11g |1|11qua. [A(:i/yl.,t’ru.) FHEdn W f NSHTHeS 62 Pol Ll v uide privy |.1:

Cape hunting dog (Bourliére, 1963) and 2 9 per cent of that of the lion (Brynaard &
Pienaar, 1960) “However, to date no hydatid cysts have been found in them in a
very large sample of records (Pienaar, 1964). Between 550 and 600 impala are
killed annually for game management purposes in the Kruger National Park, but
no hydatid cysts have been found to date.

According to Brynaard & Pienaar (1960) the blue wildebeest is the most important
prey of the lion, constituting 25 per cent of the kills made by them in the Kruger
National Park. The zebra constitutes 13 per cent. Despite the fact that the records

OI ndeII(] CySIS 11’1 Inese iwo nerD]VOer are [rUIﬂ das ldr dllelu as Lllf.«' \_/d,pll\fl DLllp,
it seems reasonable to assume that the records are representative for South Africa

as a whole and that hence one and/or the other is “the source of infestation of
E. g. felidis in the lion.

The only record of an intermediate host of E.g. [ycaontis is the experimental
infestation with cysts trom sheep; however, it is possible that the cystic stage
also occurs in wild herbivores. The feeding habits of the Cape hunting dog are not
as well known as are those of the lion. However, like the lion, the Cape hunting
dog inter alia preys on blue wildebeest, zebra and warthog.

The smaller antelopes such as steenbuck and duiker are preyed on by both the
Cape hunting dog and the ubiquitous blackbacked jackal. These small herbivores,
unlike the blue wildebeest and zebras, are not restricted to National Parks, Game

Reserves and Game farms, but still occur randomly on many farms throughout

Southern Africa. Should they prove suitable intermediate hosts, they would be
important sources of infestation to carnivores,

The warthog, preyed upon by both the lion and the Cape hunting dog, although
restricted to the Transvaal, to parts of the Northern Cape and South West Africa

aen drrman wdtosat anttwnn o S factation A0 s Fer il d o

------ 2V H v o~
llla)‘ plGV\' Lo OC an lllllJUIl.alll JUULLe Ol lIllLDLallUll [o]1 Lllbbb W3 Wi Cainivorcs,

The present state of our knowiedge of the validity of the morphological criteria,
of host specificity and of geographical distribution, either as seen in naturally
acquired burdens, or in experimental infestations, opens up a wide field for further
research. It is obvious that further work must be done on the validity of morpho-
logical criteria in subsequent generations, on the host preferences of the cystic as
well as the adult stage of the different subspecies, on the serological differences, if
any, between the subspecies and on the geographical distribution of the subspecies.

P
SUMMARY

—

The noiminate subspecies of £, granulosus (Batsc
type localnty, Europe.
2. Five subspecies of E. gramdosus are described from South African carnivores:
E. g. granulosus, E. g. africanus, E. g. felidis, E. g. lycaontis and E. g. ortleppi.
3. E.g. gramulosus has so far only been recovered from the Transvaal; E. g. ortleppi
appears to be restricted to the Transvaal; E. g. afficanus occurs in the Orange
Free State and the Transvaal; E. g, lycaontis and E. g. felidis like their definitive
hosts are restricted to the Transvaal
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4. The domestic dog appears to he the most important source of infestation fo
domestic livestock.

5. Wild carnivores are important disseminators in various parts of the country;
the blackbacked jackal is probably as important as is the domestic dog in sheep-
rearing areas; the lion and the Cape hunting dog are of importance in restricted
areas only; while the importance of the siiver fox is negligible.

0. Domestic livestock are the most important source of infestation to carnivores.
The role of wild herbivores as disseminators is not known, but they are probably

AF dmmmsamtoiaina mam e T en e loao A o
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TABLE 1.—FExperimental design

Strain Bovine Qvine ‘ Porcine
SRR R E— Human
Age of infesta- I I I l 1 . II
tion in days | : ‘ i [st Greneration | 2nd Generation
35 ‘ Dog Dog | Dog
C.(T.) mesom. C.A(T ) mesomn. ! C.(T.y mesom.
. Cat Cat :
L. pictus L. pictus ! Dog Dog ‘ Dog
L. pictus L. pictus i Dog C.(T.) mesom.
C. dingo L. pictus
Dog C. dingo
48 Dog Dog
o V. chama Dog
V. chama V. chama
Cat* V. chama
Cat* Cat*
Cat*
60 Dog |
. Dog i Dog ; . Dog Dog
76 I O A(T.) mesom. C.(T.) mesom. C.AT.) mesom. C. (T) mesom.
‘ Cat Cat ‘
Dog ‘ Dog Dog Dog
95 €. (T.) mesom. C.AT)ymesom. | C.(T.)me.-:om.‘
| Cat ! Cat ! ! 3
109 Dog
| Dog ! Dog Dog
118 i C.(T.)mesom. | | CAT.ymesom. i
" Cat ‘ \l | ‘
135 ' Dog i Dog

—_—————— L

C.(T.ymesom.

Dog ‘

Lycaon pictus: Cape hunting dog

Canis dingo: Dingo of Australia

Vulpes chama: Silver fox

Caniz {Thos) mesomelas: Blackbacked jackal

* Half the number of scolices given the other animals.
T Accidentally overdosed
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{a) Large hooks

TABLE 3.—Size of cystic hooks (in microns)

Total Length, BE Dorsal Blade Length, CE | Ventral Blade Length, DE Handle Length, BC
Strain No, |— — | —- - _— = — — -
Range Mean+5.D. Range I Mean4-8.D. Range Mean+8.D, Range : Mean4-S.D
i |
Bovine IL............. 100 | 27-1-32:6 | 29:441-2 | 21-5-29-0 | 25-7=1-3 | 12:1—16-8 14-24-0-9 1-8—6-2 3-7+0-8
Ovine II.............. 100 21:5-39-3 | 26-3+£1-5 | 18:-6—27-4 | 23:311-3 9-8—151 13-241-i 1-3—6-3 3-1+1-0
Porcine I............. 50 | 27-3-32-1 29-6.1-1 | 22°6—28-8 | 25:-4+1-5 | 12:7—15-7 14-3 L0-7 2-1—7-1 4:241-0
Porcine II, 1st Gen.... 50 |27-0—31-6 |29:341-3 | 19-2—26-8 | 24-0+1-5 | 12:0—15-9 14.340-8 4:2—7-6 53408
Porcine I, 2nd Gen... | 50 ~ 25-1-33-2 | 29-8+1-3  I8:6-28-3 | 24-0+1-7 | 12-5—16-4 14-440-9 3-4-7-7 5-84.1-1
Human............... 50 .25-4-29-3 | 274210 . 21-2-25'5 | 23-3.41-2 | 11-8—15-0 13-320-§ 2:7-6-6 4:140-8
- _ : S — ! .
{(h) Small hooks
! Total Length, BE Dorsal Blade Length, CE E Ventral Blade Length, DE ! Handle Length, BC
Strain No. |— -_ —_— o — -
Range Mean+S.D Range Mean +S.1D. Range Mean+8.D. Range | Mean+S.D.
Bovine TL.........,... 50 | 22:5-28-3 | 254-1-5 | 16:9—23-2 | 196116 | 8-4—11-9 | 10-240-8 3-5-74 5-841-1
Ovine IT. ............. .47 | 194-26-5|22-8L1-4 | [3.7-21-8 | 18-61-8B | 7-6—11-9| 95110 2-0—-9-1 4-241-6
Porcine I............. 25 | 16:9-27-6 | 24-522-3 | 13-9-23-2 | 18-942-3 ; 7-8—12-6 | 10:441-0 1-8—-9-3 56415
Porcine I1. Tst Gen.... | 25 22-5-26:9 25541-1 |15-0—20-4 | 18-0+1-2 o %6—12-2 | 10-840-7 55—-9:5 7-541-1
Porcine II, 2nd Gen... | 25 | 18:3—28-2126-141-9 |15.5-20-9 | 18-4L1-5 ! 9:-1—11-9 110406 2:3-12-0 | 7-7L1-9
Human............... 20 | 19-6-25-7 | 23-241-5 | #5-3-21-0 | 17-8+1-5 8-7-10-8| 99406 3471 5-547-1
| .
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{in microns)

TaABLE 4.—Total length of large hooks

BtoE Ato F
Sirain Age Host No. _ —_—
Range ‘ Mean 4-5.D. Range Mean4-8.1D.
Bovine L.......ovvervennnn. 48 Lo pictus, Eoooet ool 50 342452 395624 149459 412414
£ pictus, 2o 50 37-2-46-3 357521 3§-8 474 41121
Clidinge... LT 50 34-1—401 364411 15.0-30-4 37-6+0-9
DO s nnennnoninn 50 32:1-38.9 360418 34-2-40-6 376315
Bovine 11.......ooovon.. .. 33 50 33-5-413 372418 15-0-42-7 194117
50 32-1-40°2 3€-912-0 35-7-42-2 389117
7% 30 339 441 358124 37.5-47-0 1214204
50 37-3-46.3 40-241-9 10-2-49-4 437523
118 30 366443 396417 36.4-47-7 430118
50 362425 39-901-8 38:1—46'5 423523
135 50 36-1.-43-7 107422 35-9-46-6 43-542.1
50 34:3-42.8 3-971-7 10-7--47-4 44-0%1-8
Ovine T 48 Lo ictus, 1ooosusnennsnnons 50 33-4—41-1 37-242-0 34-1-42-4 388417
L pierus, 2., ol 50 31-0-42'8 37-0:24 34.6-44-2 392433
Ovine IL.......oooooenn... 35 DOZ. i 50 29-3-34.7 332414 33-1-39-9 352418
C. (T)mvsom('l'as ....... 50 296353 28117 31-0-38-5 356416
T6 I DOBureneennel 50 30-7--38-5 344219 33-2-40°8 373410
C. (T)mfsomeias 50 31-4-37.9 Si- -7 35-3—-41-4 38-541-%
95 Dog..u e 30 30-3-38-3 2519 31-2-42.0 38-211-0
C. (T.) mesomelas 30 28-2—41-0 0245 321431 385132
118 €. (T} mesomelas. ... .00 30 51-2-39-6 57017 1.8 -42-7 391308
Porcine To..oooooneennen.. 48 S DOg....o i 50 | 34-5-40-3 37-84.1-4 36-0- 42-8 39-9.-1-3
50 50 325406 36-542-0 33-7—43-7 385424
109 50 32-5-40-1 36-341-5 35.4_42-4 350014
135 50 30-2—39-0 359113 33-1.42:2 388416
Porcine IT.. .- nvvernonene . 48 Tso | 321389 357415 350414 38715
1st Generation............. 76 50 30-4—-39-2 35-341-5 33-3—41-0 387416
50 32.5-39-2 361416 34.4 -42-2 39-011-9
95 50 34-2-39-6 367114 34-0—42-6 389716
1§ 50 31-1-39-5 59422 34-1-42.9 387420
135 50 34-1-39-0 1111 37-8—42-0 400110
Poreine ... .......... el s DOg. ornooroiiooinerein Ty 37-4-43-4 40-4£1-6 384462 42-1):1-4
2nd Generation (T) mesomelas 36 34-9—41-3 37T-4+1-8 36-0—42-4 39-241-%
95 o8 : 50 37-4—44-0 0719 40-3—45-8 42-741-0
C. (F.) masomeias. .. ... 0 19 35-3-40-2 FBII4 | 370-420 39-540-9
HOMman coooee oo 35 | C. (T mesomelas. 50 30-0—39-2 35-1-2-3 | 31-8-40-5 356118
76 | Dog........... 37 30-9~38-0 5019 I 32:3-3%6 36119
C.{T.) mesamelas. ... .ov o', 50 35-1-42-9 B-512-2 ‘ 37-4—44-9 404324
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TABLE 5.—Dorsal and ventral blade length of large hooks (in microns)

Dorsal Blade Length (CE) Ventral Blade Length {DE) Handle Length (BC)
Strain Age Host No.
Range ‘ Mean4S8.D. Range | Mean4S.D. Range Mean+5.D.
Bovine I.........co.s, 48 L. pictus, 1 50 23-1—-129:6 26-141-3 12-83—16-7 (4609 §-0—163 13:-541-9
L. pictus, 2,, 50 22-7-—29-8 26:041'3 12:1—-16-2 14-54:0-9 10-6—17-2 13-8+1-7
C. dingo..... 50 22-9-28-8 25-T+1-2 12:9—15-6 14-440-5 8-5—-13-1 10-7+1-1
Dog..ooveeeiiiinianna, 50 23-3-28-2 25610 11-7—15-3 14:010-8 6 6—12-% 10-5+1-5
Bovine I............. S Do .................... 50 22-4-29-6 26-3+1-5 13-0—16-6 [4-8L0-8 7-3-13+1 10-941-5
50 22-1—-28'9 262+2-1 12-8—14-0 14-7+0-3 7-4—-13-7 10:-8-4-1-7
76 30 23-2-29-1 26-6+1-5 12-83—16-6 [4-74£0-3 8-1—-167 12:342-0
50 23-2-29-4 26-2+13 13-1—16-2 14:94+0-7 11-2-—18-6 14-14+1-6
118 50 24:-4~—-31-4 26-641-8 12:6—16-5 [4-84:0-7 10-2—15-8 13-04-1-2
50 23:4—28-2 26-1+1-0 13-2-14-1 14-74£0-7 10:3—166 13-8+1-5
135 50 23-1-28-9 26-54-1-4 12-7—15-9 14-6+0-7 1¢-4—16-6 14:241-5
50 22-1—-28-3 25-941-3 12-6—16-7 14-7+0-7 11-2—16-9 13-9+1-2
Ovine 1....... s 48 L, piectus, 1o,o0yiinnnne. 50 21-5-287 | 24-8+1-7 12:4—15'8 | 14-340-9 69155 | 12:341-7
Loopletus, 200000 50 20-4—129-5 24-241-8 11-5—15-8 13:-741-0 9-2—17-4 12-841-6
Ovine II........ eeeas 25 DO, tvrenannseinnnnns 50 20-4-25-7 | 23-4%1-5 1-7—14-4 | 13-440-5 64—11-9 8811
C. (T) mesomelas 50 20-6—-28-9 24-341-9 12-3—15-4 13740 6:2—12-6 8:541-6
6 Dog,...cooaviean. . .. 50 20-8—26-9 23:241-4 11-8—15-1 13-54+0-7 F-7-15-2 10-5+1-6
C. (T) mesomelns, Lo 50 21-3-28-6 241417 11-2—16-2 13-641-0 5-8—12-7 10-14-1-4
95 Dog.. ..oooeviviinnn .. 50 19-6-26-9 23-94:1-6 12-0—14-6 13-8+1-0 79—-14-0 10-441-4
C. (T) mesomelas, ., ..., 50 19:4—26-6 24-9+1-8 11-5—15-7 13-7+1-0 7-6—15-3 11-031-8
118 C. (T} mesomelas. ...... 50 22-3-24-8 24-740-8 11-7—-15-1 13-740:: 8-3—140 1-141-4
Porcine I............ . 48 DO it aas 50 20-9-30-6 | 25-741-5 130162 | 149406 8-6—144 | 121415
&0 Dog..oovvniiii 50 23-6—28-6 25-641-2 12-6—16-2 14:840: 73137 10-941-7
109 L 50 22:3-27-8 25-3+1-3 13:9—16-5 15-04+0-5 7-4—15-¢ 10°941-5
135 DO o eeeiiie e 50 20-9—-28-1 24-941-6 12-2—16-2 14-8+0-9 7-6—13-4 10-94+1-1
Porcine II............ 48 Dog. oot 30 22-7--28-0 25-4:41-5 12:9-16-2 14-740-9 7-3—13-3 10:441-4
ist Generation 76 DOZ. . oeieeniainens 50 21-0-28-0 | 24-6%¥1-7 12:4—15-1 | 14240 8:6—135 | 10-7%1-3
. (T} mesomelas. .., ... 50 22:9-27-3 24-9+41-2 13:5—16-1 14-740-7 8-3-—14-4 11-2+1:2
95 DOg. e iiiiin i 50 22-7=27-5 24-841-1 13-3—16-0 14-840-i 9-8—13-8 11-941-1
118 Dog..cooviviiiiais 50 19-7—28-2 24-541-9 12-4—16-0 145409 8:9—15.3 m-441-6
135 DOB.ciiivaerinir e 50 22:4-27"6 25:241-0 12:8—16-2 14-740-¢ 9-7—13-6 11-8+0:9
ine Mavovveeenn.n 43 D 50 23-5-287 | 26-1+1-2 14-0—16:9 | 15:3:40-7 11'6—17-8 | 14:3:£1-5
R ation L0 36 240-28-0 | 256X1-0 | l44-169 | 15-2%0-6 9:1—14-3 | 11-7%11
95 50 23-2--29-6 26-04-1-3 12-9—1a6-2 14-940-7 11-8—17-4 14-511-2
19 23-0—28-9 25:9+1-5 i3:4—16'5 15-0+0-9 10-5—14-0 i1-9+£1:0
Human......o.oven.-- 33 50 21:2-26-1 | 238413 118154 | 13-44+0-7 7-8—14-8 | 11-3£2-0
76 D . 37 21:5—-27-9 24-54-1-4 i2-:0—15-4 13-7£0-9 7-6—13-5 10-1+1:3
C. (T) mesomesia. ... ... 50 22-7-27-1 24-841-2 12-1—-14-7 147406 10-4—17:4 13-7+1-9
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TaBLe 6.—Total length of small hooks

(in microns}

Length, BE Length, AF
Strain Age Host No.

Range 1 Mean £5.D. Range Mean+8.D.

Bovine I......, erarea e 48 L. pictus, 1. 1% 21-8—37-7 30-84+3-6 22:8-—3%-1 32-44-3:8
L. pictus, 2 15 22:8—-33-5 29-142-7 23-8-34-3 30-613-0

C. dingo 14 24-7—31'8 Xr-812-4 26-4—32:7 29-04+2-3

0L . 13 23-8—-30-3 27-342-2 24-7—32-2 287425

Bovine Il..................0 35 Dog. 17 23-7—36-3 30-34+3-2 25:4—34-8 3061424
C. (T 13 23.5-131-5 28:342-6 34-7-27-7 31-7+2-8

T6 Dog. 14 26-8—37-6 31-34-2-8 29-3—41-1 34-0£3-3

L (T 20 23-7-37-2 28-843-8 22:5—36-6 31-0+£3:6

118 - f. 15 22:2-34-8 W0-0+4-5 23-6—-36-6 31-144-2

13 25-5~—35+7 W-9+3-7 24-8—38-8 33-5+4-5

135 | Dog.......... 20 20-3—-37-3 9-5+4-7 25-9—-136-& 32:743:2

| 1% 27-1—33-8 W-742-5 27-1-38-8 330138

Ovine L.uiiviiiinnnnnnnen. 48 L. pictus, 1. . 15 22:9-35-3 30-04+3:7 26-5—35-7 31-843-1
L, pictus, 2. 13 23-4-—31-2 28-443-1 25-2—-34-0 30-343-5

Ovine II,,,..... P, 35 14 22:9-27-9 25-5+1+6 24-2-32-7 28-9+1-9
1 24-5—-30-6 AT-6+1-5 26-0—32-1 29-941-7

76 12 22-3-31-8 26-912-7 24-3-—35-3 30-61+3-¢

10 21:9-30-7 28-0+2-8 23-6—34-3 30-343-7

95 13 22-5-34:0 26-14+13-3 25-0—36-4 30:34+3-3

L K] 26-1—-33-9 29-8+3-8 25-2-37-9 32-413-6

118 11 24:1-30-1 27-512:6 26-6—34-5 31-642-6

Porcine Loooooyinnnneinnnss 48 1% 25-7—35:9 28-942-9 26-2-32-6 30-6+1-9
60 O 24-7-32-2 28:44+2-6 26:3—32-2 28-842-0

109 \ 23.3-29-§ 26-4+1-9 23-4-33-2 29-14-3-6

135 10 22-0—30-3 27-843-2 25-7—34-7 29.942-9

Porcine II.................. 48 < 27-1—34-¢ 29-7.43-2 27-6—35'8 31-443-2
Ist Generetion 76 10 22-9-25-2 A6-14:2-2 26-7—-32-4 30:042:2
11 26-9—32-1 295418 27+1--35-4 30-543-1

95 10 25:9-31-4 28-44+1-7 28-6—34-¢ 32-642-0

118 & 23-8-31-9 275430 25-4—136-2 30-1+4-3

135 12 24-1-—-34-2 29.2.4£3.3 28-3—35-9 32-242-3

Porcine 1L.... .., Ceraneaneae 48 ¥ 21-9—35-4 M-44+4-4 23-6—36-4 33-6L4-5
2nd Generation & 28-3-31-0 W-5+1-6 30-0—35-4 32-4+1:8
16 1 29-6—38-8 34-543-2 33-0—39-1 16-4+41-9

5 27-1-33-5 31-3+2-6 29:-3—36-3 33-942-9

Huwman..oovoveineeriannnnns 35 16 23:1-30-9 2A7-04+£2:5 25-0—-32-0 232424
76 14. 22-9—-31-0 25-742-5 22-9—-33-5 274430

18 22:2-32-8 29-021-0 25-6—34-4 30-5+32




TasLe 7.—Dorsal and ventral blade and handle lengths of small hooks (in microns)
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(a) Large hook

TABLE 8.—Summary of total length of hooks (in microns)

BE AF
Strain No. R
Range Mean+S5.D Range Mean+8.D,

200 32-1—46-3 3794246 34.2-47-4 39-442:5
400 32-1—46-3 39:2.42-3 35-0—49-4 42-142-7
100 31-0—-42-8 37-1£2-2 34-1—44-2 39-042-0
350 28-2—41-0 34-242-2 31-0—42-7 37-5+2-4
200 30-4—40-6 36°6L1-8 33:1-43-7 39-141-8
300 30-4—396 36°1-+1-8 33:3—42-9 39-041-7
155 34-9—43-4 395421 36:0—46-2 41-342-0
137 30-0—42-9 362423 31-8—44-9 37-842-8

(b} Small hook

BE AT
Strain No. J— S
Range Mean-+8.D. Range Mean+S.D.

Bovinc P 61 21-8-37-7 30:0-+3-1 22-8—39-1 30-44-3-3
Bovine IL........ ..o iiivieiaie e 127 20-3—37-6 29-9.+.3-7 22-5—-38'8 12:14+3:6
OVI:ne P 28 22.9-35-3 2%-3-4-3-5 25.2—-35.7 31-143-4
Ovine IL.. ... i it ie i m i 91 22:3—34-0 27-3.£2:9 23-6—-37-9 30-54+3-9
L 42 22-0—35-9 8:4-43-0 23:4—34-17 29-8+2:6
Porcing H....iivvriiiiiiiiirrrininsanrarss 61 22-9-347 3:442-8 25:4—36-2 31-243:0
2nd Generation.......oeeeeviur.ons 29 219388 32:0+3-4 23:6—39-1 340431
B3 121 117 1 D 48 22.2—32-8 27-443-0 22:9-34-4 28-843:1
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TABLE 9.—Summary of dorsal and ventral blade and handle length (in microns)
(@) Large hook

Dorsal Blade Length Veniral Blade Length Handle Length
Strain No, _

Range Mean4S8.D. Range Mean+48.D. Range Mean+5.1D.
Bovine L.......ocivvieiiinnnn, 200 22-7-29-8 25-8+1-2 11-7—16-7 14:44-0-8 6:6—17-2 12:1£2:2
Bovine . ........00nvnnnnnns 400 22-1-31-4 26-34+1-4 12-6—16-7 12-6--0-7 7-3—18-6 12:9.1-9
Ovine I..ovvveieiiiniienernnn. 100 20-4—29-5 | 24-5+1-8 11:5—15-8 | 14-041-0 6-9—17-4 | 12-641-7
Ovine IL.. ..o oiviiin i nes 350 19-4—28-9 24:241-6 11-2—-16-2 13-6£0-9 5-8--15:3 10-14£1-7
Porcine L........oooiveeilt 200 20-9—30-6 | 25-44-1-4 12-2—16-5 14:9-+0:7 7-3—15:6 11-241-5
Porcime Il..........0cvvennnn. 300 19-7—28-2 24-91+.2-3 12-4—16-2 14-6-:0-8 7-3—15-3 11:24£1-4

2nd Generation......... 155 23-0-29-6 26-0+41-3 12:9—16-9 15-2£0-7 9-1—17-8 13-5+1-8
Human.......coveerieannannns 137 212279 24-341-5 11-8—15-4 13:6-£0-7 7:6—104 11-842-3
\

(b) Small hook

Dorsal Blade Length Yentral Blade Lergth Handle Length

Strain No. _

Range Mean+£8.D. Range Mean+S.DD. Range Mean4S8.D.
Bovine T..oovcvenninnvainenans 61 15-4—23.9 18-841-6 9-3—-13-4 10-840-8 4:1—16+8 10-1131
Boving Il...coovnivreieinnnnns 127 12-1-25-4 18-842-0 8-8—13-7 10-7+0-8 5-0—16-7 11-14+2-8
Ovine L.vcoviciiivanaeionnnns 28 14-0-21-1 17-142-0 8-4—-11-6 10-1+1-0 5.5-16-5 12:14:2:9
Ovine IL.ooonevniannanacnes 91 13-7—24-7 18-34+2-5 7T-6—13-0 9:-741-0 3-6—13:3 9.241-8
Porcine I...ovvveenvvinnonnnes 42 12-5-23-5 18-342-1 9:5—13-3 11-1+0-8 6:6—15-1 10-24+2:0
Porcine I....coovanuen . 61 15-3—-22-0 18-34-1-4 9-2—-13-9 11-040-8 6:2—15-9 10-242-4

2nd Generation......... 29 17-3-22-9 19-541-3 10-4—13-3 117407 7:4—17-9 129423

HUuman. . .vieevaerraerrasoses 43 14-6—23-2 175417 9-0—-11-7 10-1£0:6 3-7—-14-4 9-843-0
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TABLE 10.—Size of accessory hooks situated posteriorly to the small hooks (in microns)

Teatal Length

Ventral Blade Length

; Age in .
Strain days Host No.

Range Mean Range Mean
Bovine I................ 48 DO, e iiire et 2 16-9—17-6 166 9-5 9:5
Bovine IT......,........ Hydatid cyst......ocoeivnvn.n.. 1 — 14-5 -— 31
35 5 1T 1 — 18-7 —_— 96
C. (T) mesomelas. ............. 2 16:-8—17-2 17-¢ 7:6—-8-0 7-8
Ovine I................. 48 Lopictus, 2., i, i 1 — 213 - 11-5
Porcine I............... Hydatid cyst..........ovinunn. 4 15-0-—-19-3 16-6 6:8— 9:0 §-0
48 L - 3 16-4—20-0 14-8 80— 91 84
60 Dog. v e e 5 16-5—20-1 18-8 74— 9-8 8-8
109 Dog. ..o 1 — 21-4 — 9-8
135 Dog. .o 2 18-0—20-3 19-2 7-7-- 8-6 82
Porcine I1.............. Hydaud e P 4 15-6—19-5 176 7-9-10-3 | &7
Ist Generation...,...... 76 T DO . 1 — 21-0 - 9-4
C (T) mesomelas. ............. 2 19-0—19-9 19-5 8:9-- 6.7 9-3
95 Dog. . o e 1 — 15-6 — 7-8
135 Dog. e e 3 17:7—19-3 18-3 8§-2—-10-3 9-3
Porcine I1.............. 48 Dog...ccoooiiiiiiiiiiiiiaa 2 16-9—20-7 i8-8 7-4-—-10-4 §-9
2nd Generation......... 95 C. (T) mesomelas. ............. 2 18-2—-20-2 19-2 9-0—- 9-3 9-2
Human................. Hydatid ¢yst................... 12 13-5—18-6 17-2 69—~ 8-8 8-0
35 C.(T.) mesomelas.... .......... 9 14-2—-20-8 17-4 7-2-- 98 8-5
76 C.(T.) mesomelas. ............. | 6 18-6—23-5 20-6 9:4--10-1 : 9-9
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TABLE 1l.—Number of segments per specimen (expressed as a percentage of the mumber examined)

All specimens examined Gravid specimens only
Strain Age Host No. — No.

2 l 3 ‘ “4 2 ‘ 3 ‘ 4
ine Tovvevesnnnnn | a8 | L. plerus, 1...... e | ag 83 83-4 £3 19 — 895 105
Bovige I....... : L. pictus, 2. 8 — 86-8 122 13 . 94-4 5.8
| [o T 57 28-1 71-9 -— 3 — 66-7 33-3

O vt Ceeiaas 49 49-0 51-0 -— 14 284 71-4 —

V. CAAMA. i v v e inenannans 37-5 62-5 -— 1 100-0 —
Total..ooovnn.n... 200 23-5 -5 50 55 7-3 85-4 7-3

Bovine IL........... 35 DOgu v einasriananianas 1 — 100-0 — — —_ — _
ovine C. (T) mesomelas. ......... 32 9.4 90-6 — — —_ —_ —
76 DO cviereaneiirarnrvans 24 —= 79:2 20-8 13t — 727 273

C. (T) esomelas. «nvn ... 32 3-1 96-9 -— 20 —_ 100-0 —

95 Dog..ooviiiiiiiicia i 6 — 100-0 -— 1 — 100-0 -—
C. (T) mesomelas 30 33 900 67 15 —_ 87-5 12-5

118 DOg. e iaviniainiiiansn 23 4-3 95-7 -— i) — 160-0 —
c. (T) mesomelas. 18 — 61-1 18-9 7 — 71-4 286
135 DOg.ivveiiiianannnn. - 30 — 90-0 10-0 22 —_ 909 9]

C. (T) mesomelas. 27 37 92:6 317 22 4-5 95-5 —
Total....oooeuvn.. 223 31 88-8 g1 129 08 92:2 7-0

Ovine II............ 35 1 T - 29 51-7 48-3 — —_ J— —_ —_
C. (T} mesomelas. 38 21-1 658 3-1 — — - —

T C. (T.) mesomelas.. e 15 13-3 86-7 -— 2 — 100-0 —
95 C. (T) mesomelas... ....... 33 — 45-5 54-5 27 — 556 44-4
115 217 58-3 20-0 29 —_ 586 41-4

Porcine L........... 43 24 —_ 100-0 — 12 —_ 104Q-0 —
60 24 8:3 91-7 — Il - 1000 —
103 32 31 81-3 15-6 15 — 80-0 20-0

135 24 62-5 375 —_— 3 — 100-0 —

104 17-3 78-0 4-8 41 —_ 92.7 73

Parcine IT.......... 4: 22 22-7 773 — 17 17-7 82-3 —
1st Generation T 23 217 78-3 - 4 — 1000 —
22 40-9 54-6 4-3 10 30-0 700 —

95 21 52-4 476 — 4 25-¢ 750 -—

113 22 9-1 90-9 —_ 16 63 937 -

135 20 95-0 5-0 - — — .

130 392 70-0 0-8 51 15-4 846 —

Porcine IL.......... 48 L 23 17-4 82-6 - 10 — 100-0 —
2rnd Generatiorn 95 Dog.cvauriinnann rirraraaes 27 111 889 — | — 100-0 —
Total............. 50 14-0 86-0 - 11 — 100-0 —

Hyman........ovua- 33 1 100-0 — — — — _ _
14 — 85-7 14-3 — — — —

75 19 10-5 80-5 — 4. — 1000
26 — 53-9 461 13 —_ 231 769
60 5.0 71-7 233 27 — 55-6 44-4
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TABLE 12,—Fosition of the sexually mature segment (expressed as a perceniage of the number examined)

All 8pecimens

Specimens with Ova

Strain Age Host No. No, I

N;:glng.:;;e 3rd last | 2nd last ‘ Last NSDE;“;;;;B 3rd last | 2nd last : Last

Bovine I.,............ 48 47 — — 100-0 — 17 — - 100-0 —_
7 8-1 5-4 865 — 22 13-6 9.1 793 —

61 — — 78-7 2i-3 4 — — 160-0 —

45 — 2-2 97-8 — i3 — — 100 ¢ —

8 o — 65-2 37-5 1 — — 1000 —

198 1-5 i-5 889 51 57 5-3 -5 91-2 —

Bovine II...... vees a5 1 — — 1000 — — — — -— —
32 —_ — 1009 _ —_ —_ — -— —

76 24 — — 100-0 — 11 — — 100+ 0 —

32 — n 100-0 — 22 — — 1000 —

95 6 — — 100-0 — 1 — — 1000 —

30 — — 100-9 —_ 16 — — 1000 -—_

118 22 — — 1000 — 10 — — 10010 —

18 — — 100-0 - 7 — — 100-0 ——

135 30 — —_ 100-¢ — 22 — — 100-9 —

29 —_ —_ 1006 — 23 — —_ 100-0 —

224 —_ — 160-0 — 112 — — 100-0 —

43 29 — 100-0 — — 19 — 100-0 -— —_

35 30 — — — 100-0 — — —_ —_ —_

36 — — 55-6 444 — — — — —

76 15 — 93-3 67 2 — — 100-0 —

95 T.) mesomelas 33 — — 100-0 — 27 — — 100-0 —

Total... 114 — —_ 53-8 41-2 29 — — 100-0

Porcine L........... .. 48 22 — —_ 100-0 —— 12 — — 1000 -
60 24 —_ — 100-0 —_ 11 — — 100-¢ —

109 30 — —_ 100-¢ — 15 —_ — 100- ¢ —

135 23 4-3 —_ 95-7 — 3 33-3 — 666 —

99 1-¢ —_ 9G-0 — 41 2-4 — 976 —

Porcine 1I....... 48 22 — — 100-0 — 17 - —_ 1009 -
Ist Generation 76 23 — —_ 100-0 —_ 4 — — 100+ 90 —
22 e —_ 100-0 — 10 — — 1000 —_

95 21 —_ —_ 1000 — 4 — — 100-0 —

118 22 45 — 95-5 — 16 63 — 93-7 —

135 20 — — 750 25-0 — — - — —n

130 0-8 — 95-4 3-8 51 2:0 — 98-0 —

Porcine II...... . 48 23 — —_ 100-0 — 10 — wee | —
2nd Generation. 95 27 11-1 85-2 37 1 — — we-e 1 —
30 60 — 92-0 -0 11 — — 100-0 —

Human..,.osoeiinnnu. 35 14 — — 100-0 — — —_ —_ - —_
76 19 —_ — 100-0 — 4 —_ —_ 100-0 —

26 — — 100-0 — 13 — — 106-0 —

59 — — 100-0 — 17 — — 100-0 —_
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TABLE 13.—Total length of worms with ova in the uterus (in mm)

Two Segments

Three Segments

Four Segnients

Strain Agein Host _
Days |
No. Range Mean+ 5.1, | No. Range | Mean£8.D. | No. Range | Mean £8.I>.
i
Bovine I............ 48 L. pletus, 1......... — _ — 15 2:93—4-84 3-9410-56 2 3-73—4-00 3-87
L. pictus, 2... — — — 18 2-51—-3 77 3-04-10-36 4 2-71—4-12 3-31
C, dingo... — — — 2 2-21—-3-20 2:71 1 2-86
Dog....... 4 1-83-3-62 232 10 1-98—3 20 2-43:£0-45 — — —
Vi chama,.......... — — — 1 — 2-90 —_ — —
Total...... 4 1-83—-3.62 252 46 1-98—4-84 3:18:£0-73 7 2-71—4-12 ) 3-40+0-56
Bovine II.,......... 76 Dog...ovovvveniann. — —_ — 8 3-66—541 4-58-L0-67 3 4:12—-6'86 5-46
C. {(T.) mesomelas — — — 23 4-12—-7-01 5-54-10-86 — — —
95 L — — — 1 — 4-88 — — —
C. (T.) mesortelas — — — 14 3-965—602 4-83:1-0-18 2 3-15—4-69 392
118 [ T —_ — — 10 2-86—4 80 3-98-0-78 — — —
C. {T.) mesomelas. _ — — 5 3-Td—4-31 396 2 3-81—5:05 4-43
135 Lo — — —_ 20 4-12—648 5141074 2 4:26—-6-06 516
C. {T.) mesomelas. 1 — 4-03 21 3-51—5:37 4-53-£0-53 1 — 6-67
Tetal...... 1 — 4-03 102 2-85—7-01 4-89.£0-70 10 3-15—-6-86 5-01:£1-24
Ovine IF............ 76 C. (T.) mesomelas. .. — — 2 3-16-3-70 3-43 — — —
95 C. (T.) mesomelas. .. —_ — 12 3-39—5-45 4-44-£0-70 15 3-04—6-13 4-7530-86
— — — 14 3 . 4-30.:0-75 15 3-04—6-13 4:-75+086
Porcine T,.......... 48 — — — 12 3 5+82:£034 — — —
60 — — — 11 2 5-20:£0-49 — — —
109 — — — 12 2- 2-65-£0-41 3 3-48—-3 89 3-63
135 — — — 3 2- 2-44 — — —
— — — 38 20 3-16-£0-63 3 3-48-3-89 363
Porcine I, 48 Dog...............- 3 2-63—3-63 3.33 14 2- 3:34.+£0-32 — — —
1st Generation 76 Dog...ooiiiiiniiias — — — 4 2. 318 — — —
C. {T.) mesomelas 3 2-89—3-63 3-21 7 2- 4-2140-28 — — —
95 Dog...ooviuno. PN 3 — 263 3 3. 356 — — —_
118 DOgeuiviiininniaras 1 — 1-89 15 2- 3-204£0-22 — — —
Total...... 8 2:63—3-63 3-14£0-42 43 2- 3.274£0-88 — —_— —
Porcine IT.......... 48 DO eiraanaanan — — — 19 3- 374 10-27 — —— —
dnd Generation..... 95 Dog...iiiniiiiaaan — — — 1 — 3-64 — — —
Total...... — — — 11 3-20—4-30 3:734+0-34 — — —
Human..........v.. 76 OB . cvveeinaansnns — — — 4 4-00—4-75 4-45 —_ -— —
C. (T.) mesomelas — —— — 3 3-31—4-44 3-90 10 3:74-6-41 5644085
Total...... —- — — 7 3:31-4:75 4-224-0-50 10 3-74—6-41 5644085
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TaBLE 14.—Total length of all worms examined (in mm)

Two segments Three segments Four segments
Strain ‘%:;sn Host e e o O -
No. Range ! Mean+35.D. No. ‘ Range ‘ Mean +5.D. Ma. Range Mean £+5.D.
I
! I
BovineIL............ 48 L. pictus, 1 — — | — 3 2-06—3-77 2:-834£0-44 5 3-03—4-00 3-59
L. pictus, 2.. 4 2-13—-3-08 2-64 40 2-06—4-84 3-33L£0:75 4 2-71—4-16 34
L C.dingo..... 16 1-64—2-40 1:9540.-22 41 1-29-3.24 2-424+0-51 1 2-86 2-86
L+ - 24 -99—3-62 2-134+0-54 25 1-37—-3-58 2-1940-53 — — —
V.chama........... 3 1-72-2-10 1-93 5 1-85—2-90 2-36 —_ — —
Total...... 47 3-99—3-62 2-114+6-48 142 1:29—-4-84 2-73:4+0-70 10 2-711—4-16 3-374047
Bovine 1I........... I Dog. i — — — 1 3-43 3-43 — —_ —
C. (T)mesamefas s 3 2:59—3-58 3:07 29 312—4-80 4:00+0-41 — — —
M5 Dogo..iiiviiisinnas — — — 19 2-86—5-41 3-8740-78 5 3-12—6-86 4-77
C. (T)mesome!as 1 4-95 4-95 31 4-08—7-01 5-334-0-84 — — J—
95 Dog................ e — — 6 2-67—4-89 3-69 — — —
C. (T } mesomelas 1 343 343 27 2:71—6-02 4-284+0-76 2 3-15—-4-6% 392
118 | Dog..vvveiivnnnnnns — — —_ 21 2-29—4-84 3-4340-77 -— — —
C. (T)mesomela.s — —_ — 11 2-63—4-34 3-6440-55 7 3-39—-5-05 3-86
135 DOg..vriiviirnanins — — — 27 3-20—6-48 4-804£0:90 3 3-74—6-06 469
C. (T)mesomelas.... 1 4-03 4.03 25 2-78—5-37 4-4240-60 1 6-67 6-67
Total...... 6 2:59—4-958 3-604+0-82 197 2:-63-7"01 4-3140:93 18 3-12—5-86 4-4141-15
OvineIl.........., . a5 Dog...ooviinann-. 15 1-60—2-52 2-0340-26 14 1-56—2-48 2-114£0-30 — — —
C. {T.) mesomelas.... 8 2-02—2-78 2-44 25 2-24-3-43 2-77+0-32 5 3-05—-3-96 3-25
5 C. (T.) mesomelas.,... 2 2:32-2-40 2:36 13 2:78—4.27 3354047 — — —
95 C. (T.) mesomelas.... — — — 15 3-39-5-43 3-0640-64 18 3:04—5-13 5-65+0-83
25 1:60—2-78 2:1840-99 67 1:56—5-45 3:11£0-90 23 3:04—5-13 4:33£0-95
Porcine I .......... 48 — — — 22 | 315-4-65 | 3654036 | -~ — —
60 2 3-03—3-18 311 22 2-15—-3-74 3-054£0-44 — — —
109 1 2-44 2:44 26 1:81—3-15 2-4240-34 5 2:44-3-89 3.27
135 15 1-74—3-11 2-4640-47 9 2-04—2-92 2-58 —_ — —
18 1-74—3-18 2:53+0:44 79 1-31—4:65 2:9640-62 5 . 2-44—-3-89 3-27
Porcine 1T........ | 48 5 | 2-74—3-63 | 3-21 17 | 2-85-3.77 | 3-28640-33 | — — —
1st Generation....... 75 5 2:-59—-3-18 2-9% 18 2-66—3-52 2-9840-19 — — —
9 2-331—-3-63 3-05 12 2-35-13-52 3.16+0-24 1 337 337
g5 1L 2-29—-3-33 2-8340-32 10 2-41—3-89 298+ 0- 46 — — —
118 2 2-89 2-89 20 2-718-3-52 3-1540-24 - — —
135 19 1-22—1-92 1-6540-20 1 2:07 2:07 — — —
Total...... §1 | 122-363 | 2483071 | 78 | 2:07—3-89 | 3-11+0-58 1| 37 337
Porcine Il........... 48 | Dogeeeriiiniinnn.n 4 2-63—3-42 2-88 19 2-41-4-50 3-5240-42 — — —
2nd Generation...... 95 S T 3 1:94—2:45 2-20 24 1-34—3-64 2-34+0-43 — — —
Total,..... 7 | 1-94—3.42 | 2-5940-47 | 43 | 1-84—4-58 | 2-36¢4073 | — — —
Human............. 36 [=8 (T) mesomelas.. —— e — 12 3-28—06-08 4-47+0-71 2 4-43—-5-58 501
T6 | DOg..covvvrinvainns 2 3-31-3:89 360 17 2-92—4:75 3-7540-56 —_ — -
[o8 (T)mesumen'as — — — 14 2-63—5-69 3:4140-92 12 3-64—6-41 | 5-354-1-0
Total...... 2 3-31—-3-89 3-60 43 2:63—6-08 3-8440-83 14 3-64—6-41 5-30-£0-98
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TABLE 15.—Length

of the terminal segment

Ratio 1o Total

Length (in microns) Length of; Strobila
Strain Ape Host No. _ _ %

Range Mean Range Mean
Bovine I...oooiniiiiaiiias . | 43 L, pictus, 1 17 1,333-5-.2,913-7 22292 45-0-71-3 568
: L. pictus, 2. 22 1,104-9—2.247-9 1,6L5-8 43-3—-64-4 530
C. dingo 3 1,265-4—1.828-8 1,562-1 57'1—-586 567
Dog....... 14 1,219-2—-2,476-5 1,614-8 58-2—-72-4 657
V. chama.. 1 — 1,562-1 —_— 540
Total 57 1,104-9--2913-7 1,794-1 43-3-72-4 ‘ 576
Bovine I ...o.ivuvivinninnannins 756 T N 11 1,676-4—5,076:7 | 2,926°8 39-4—81-7 602
C. (T.) mesomelas 22 2,857-3-4953-0 | 3,747-0 57-1-835-7 632
95 OB e ecvmnenrssennaranan 1 — 2,857-5 — 386
C. (T.) mesomeigs. . 16 1,247-9--4,0767 | 2.883-1 396677 604
113 DOguuviiiiininnnn 10 1,333-5--3,048-0 | 2,206-0 40-2-63-9 555
C. (T.) mesomelas 7 1,409-7--2,819-4 2,337-6 55-8—63-9 } 599
135 Dog...vviiiiennnnnn 22 2,476-5—4,572-0 3,666-3 61-1-91-4 i 698
C. {T.) mesamelas 23 2,095-5—4,229-1 3,057-8 56-8—87-0 | 666
B 2 1 112 1,247-9--5,076"7 3,185-5 39-4—-91-4 646
Ovineg I...vreriniiiiiiiianiaaans 43 Lo PICIRS v et i e s 18 1,333-5—2,667-0 2,054-5 22-3—-45-2 364
Ovine IL......c.iiine i innanns 75 C. {T.) mesomelas. 2 1,790-7—1,961-2 | 1,886-0 53-6—56-6 551
95 C. (T.) mesomelas.. ... ... . 27 1,562:1~3657°6 | 23153 42.3-60-2 5002
29 1,562-1--3,657°6 1 2,285-7 42-3—60-2 506
Poreine Lo.ovviiiiiinririaniannins 43 12 1,776-0--2,405-0 | 2,019-6 50-9-55-2 529
60 11 1,146-0--2,035-0 1,893-7 53-2—58-9 56-3
103 15 851-0—1,850-0 1,326-4 35-2—54-1 4318
i35 3 962:0--1,517-0 | 1,344-3 42-T—-60-5 502
41 851-0-—-2,405-0 1,682-8 35-2—60-5 50-3
Porcine T1......coovvivinnvnnnn, 48 17 1,702-0--2,553-0 2,198-0 54.8-71-4 657
ist Generation, ,............ 75 4 1,702:0--2,035-0 | 1,887-0 52:6—64-0 605
10 1,443-0--1,961-¢ 1,702-0 48-8—-59-4 53-1
93 4 1/517-0—2.405-0 | 20350 553657 609
118 16 1,628-0--2.251-0 | 2,018-8 55-0—-78-2 636
51 1,443-0--2,553-0 | 2,007-4 488782 1 619
Porcine Il... . ..cooviiinninniiannas 48 10 1,800-0--2,376-0 2,174 4 54:5—60-0 580
2nd Generation. ......vveniaenn.n 95 1 —_ 2,340-0 — 642
11 1,800-0--2,376-0 2,189-4 54-5—-64-2 586
Human......covenenas Crrarriaaras 76 O s ariar s et e P 4 2,340-0--3,096-0 2,7712:0 58-6—63-2 62-3
C.(T)mesomelas.. ..........covvi it 13 1,476-0--3,600-2 2,880-1 39-4—65-5 54-0
71 17 1,476-0--3,600-2 28546 39:4—-65-5 -9
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TABLE 16.—Width of second last and last segment (in microns)

Second last segment

Last segment

Strain Age Host No.
Range Mean Range Mean
Bovine L....... P 48 F O £ A . 17 228-6—401-7 283-5 304-8—571-5 402-5
L. pictus, 2.. 22 247-2—844-7 385-1 35028001 564-2
Cidingo................ 3 195-7—266-7 219-7 350-2—-495-4 383-4
DO, it iaiaannaasaansatnaeaennannnananes 14 173-9-—-370-8 311-6 257-5—609-6 434-5
Vichama..............co. .., e 1 -— 247-2 — 533-4
L | 57 173-9—844-7 327-0 257-5—800-1 473-0
Bovine IT, ... ..o iiiiiinas 75 Dog. i i e e 3] 228-6-457-2 364-2 457-2—762-0 560-2
C. {T.) mesomelas, . . R 22 190-5 0096 338-9 419-1—60%6 478-9
95 Dog.ovviviiniianns 1 — 381-0 —_ 5715
C. (T.) mesomelas. . 16 278-1—684-8 482-6 432-6—723-9 503-3
118 OB, . vvns W ra e 10 381-0—-495-3 392-4 342-9—-647-7 4877
C.(T.) mesomelas, . .......... 7 304-8—495-3 404-2 533-4—838-2 623-0
135 DOB. .o viie i iiianiannarnans 22 266-7—495-3 366-4 495-6—762-0 569-2
Co(Tymesomelas. .., ... ..iiiiivianians 23 226-7—533-4 3307 419-1—635-8 514-2
Total......ooov i it 112 190-5—685-8 374-9 342-9—838-2 541-3
Ovinel..........ioiiiinniveens 48 J I - 7 18 381-1-723-9 536-0 495-3—838-2 650-3
OvineIl............ e aaniaeaaes 75 Co(Tymesomelas.. cooviiiiiiiinaanans 2 342-9—-381-0 323-9 457-2—533-4 485-3
95 C.{T)mesomelas. ... ............ e 27 22864572 354-2 419-1—800'1 562-0
29- 228-6-—457-2 352-1 A49-1—800-1 557-4
Porcine L. ..ccviiiiiiiniiinannanss 48 12 . 296-0---370-0 322-6 481-0—629-0 581-9
50 i 259-0-518-0 380-1 444-0—814-0 795
1% 15 222-0--333-0 282-8 3133-9—629-0 5303
135 3 296:0--370-0 325-0 484-1—555-0 519-¢
41 222-6--518-0 323-6 333-0-814-0 575:8
Porcine IL.....ooiiu . iiiiiiiiiiannn 48 17 222-0—444-0 347-5 370-0-703-0 539-8
Ist Generation.............c.covenn % 4 259-0-—407:0 342-5 444-0—-656-0 555-0
10 257:5-518-0 229-6 407-0—3555-0 735
95 4 259-0—-401-7 3317 473-0—-592-0 516:2
118 16 148-0—-370-¢ 320-0 370-0—656-0 550-4
51 148-0—-518-¢ 314-2 370-0—703-0 549-1
Porcine IN......ooovviiioiiaas 48 10 360 0-—468 0 432-0 576-0—-T20-0 662-4
2nd Generation........vevevianarans 95 1 — 504-0 — 7520
11| 360-0—504-0 4386 | 5760 _792-0 6742
Human....ovevcpinuenase, . 15 TS 4 324-0—-360-0 342-0 468-0-—504-0 4950
C.(Tymesomelas,, ... ... iiiiiinaniinns 13 324-0—-504- 0 419-2 504-0—-792-0 625-9
Totaliiiieaii i ciiniannenas 17 324-0~504-0 401-1 468-H—792-0 5957
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TaBLE 17.—Ratio of length mature: gravid segment

|

Strain ‘ Age l Host No. Range Mean

2 T 1= 48 Lo PICEdS, 1. e e i i i et i a i ma e at e 20 1:1-8—1:3-9 1:2-6

L. pictus, 2o il 21 1:1-6— 3 1:2-5

3 1:2:5— 3 1:3-0

12 1:2-2—1:4-5 1:3-5

1 1:2-5 1:2-5

57 1:1-6—t:4-5 1:2-7

Bovine ITouuuii o it e 76 13 1:1-2—1:4-1 1:2-7

22 1:2:4—1:5-1 1:3:6

95 1 1:2-6 1:2:6

16 1:1-3—1:3-7 1:2:9

118 10 1:1-4—1:3-6 1:2-5

? 1:1-0—1:3-7 1:2-5

135 2k 1:2-7—1:5-1 1:4-0

21 1:2-6—-1:5-0 1:3-§

112 1:1-0—1:5-1 1:3-3

Ovine Looooe e i s 48 20 1:1-6—1:3-3 1:2-1

L0 1 T T A 75 C. () Metomelas. . coviii vt inns it iiiaarinannes 2 1:2-9 1:2-9

95 C. (T)) MEromEIRS. . voes e o e et i eaeneanaans 27 B:1-5—-1:3-1 1:2-0

29 | n-5—1:301 121

Porcine Io.oov i e 48 12 1:2-0—1:2-3 1:2:2

60 10 1:1- 25 1:2-3

109 16 1:1 24 1:16

135 3 1:1 7 1:2-4

41 1:1-1—-1:37 1:2-0

Porcine IF. . ..ot iiiiria vt i 48 17 1:2-4—-1:5-0 1:36

Ist Gemeration. . v . v e e enevnnnsirees cnennenen,onan 76 4 1:2:1—1:3-7 1:3°0

11 1:2-:0—-1:3-1 1:2-4

G35 4 1:2-1—-1:3-9 1:3-1

118 15 1,2-4—1:7-5 1:3:5

51 1:2:0—1:7-5 1:3-2

Porcine IF....... et rai ey [ 48 1 1:2-1-1:2-9 1:2-5
nd Generation. . ... ..uieiieieiiiaiin i iiai i, 93 1 1:3-7 —_

2 1:2:1-1:3-7 1:2:7

Human. .......... e e e e 35 12 1:1-4—1:3-2 1:1-9

76 < 1:2:9—1:3-6 1:3-3

12 1:1-4—1:3-2 i:2-4

28 1:1-4—1:3-6 1:2-3
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TABLE 18.—Size of scolex, rosteifum and suckers (in microns)

‘AI; B 00 B \@‘n;qu

VOTddV HLNOS NI S3IDddS SADI2020NIHDT A0 MHIAHE

JJ&QQ‘QIhQém

Scolex Rostellum
Strain Age Host No. - | No. — | No. |~ —_—
Range Mean+8.D. Range ‘ Mean+5.D. Range
Bovine L.......... 48 L. pictus, 1 7 150-0—260-0 | 208-5.:4%-0 36 79:.9.154-5 [ 109-0+14-4 37 61-6—133-9 «3419
L. pictus, 2.. k] 180-0—288-0 | 231-248-0 41 82-4—183-3 | 104-7+17-5 32 82-4--136-13 6413
C. dingo... 45 175-0—-240-0 | 202-4+22-2 37 56-4—131-6 99.64-16+8 45 70-5—117-5 BES]
Dog 44 144-0-250-0 | 194-4+16-7 47 15-2-103-4 88-6+ 9-5 44 72-8-—-112- 6+ 10
V. chama 12 170-0—-310-0  222.5442-7 8 B4-0— 1316 | [06-54+13-8 g 84-6—133-% -0+14
L7 144.0—288-0 | 209-4 4 37-9 169 56+ 4*[83 3] 100-1416-4 173 61-6—136- “T+15
Bovine IL......... 35 Dog..oovevveniaot 1 — 2472 1 1135 1 -0
12 206-0—381-0 | 262-34:33-9 32 IOS 1—154'5 123-24+41-8 31 103-0—145-7 412
76 24 226-6—319-3  269-5428-3 24 113:3—154:5 -6 -8 24 103-¢—154-5 6412
20 247-2—319-3 | 285-9424-7 31 123-6—155-1 ‘6 32 103-0—154-5 -5.4:13
93 5 236-9—319-3 | 292-5435-4 5 123-6—144-2 -3 5 103-0—123 4+ 9
27 216-3—381-1 | 29874338 28 133-9—175-1 -2 29 113-3—175-1 -5+412
118 21 226-6—278-1 | 260-0+ 184 21 113-3-144-2 ] 23 103-0—154-5 ESY
18 257-5—370-8 | 291-8+23-5 18 103:0—175-1 -8 18 113-3—134-3 0+ 9
135 J0 | 278-1—-391-4 | 324-8+30-8 30 123-6—164-8 -9 29 113-3—164-8 3410
27 | 226:6--360-5 | 306-7+36-6 27 123-6—154-5 -0 27 113-3—154 9412
. 214 206:0—391-4 | 288-24+37-6 217 103-0-175-1 -7 219 103-0—175 5+£38
Ovine I........... 48 | 26 117-5—-339-9 | 236-6L42-3 24 89-3—126-9 -G 28 94-0—133 2
:: Ovine I.......... 33 23 228-6—298-7 [ 256-04+18-4 26 94:0—144.2 2 23 98-7—126 I
[ C. {T.) mesomelas. 33 216-0—290-0 | 243-9424-4 28 98-7—144-2 -0 33 24-0—133 9
75 C. (T.) mesomelas, | 7 185-4—249-1 | 225:3=296 11 113-3—185-4 -8 8 103-4-133 3
93 C. (T.) mesomelas 32 148-0—-267-8 | 222-8+30-3 33 103-4—150-4 -6 32 89:3—123 Q-
,‘ 45 141-0—298-7 | 236:0L144:2 98 94-0—185+4 -4 26 86-3—133 Ll
Porcine 1......... 48 18 | 236-9—288-4 | 255:2416-8 20 92-7—123-6 -4 9 84:6— 13- 8
60 22 185-4—329-6 | 303-44+30-8 21 92:7—123:6 -2 21 94-0—-133-¢ 9
109 1 195:7—288-4 | 224-6L21-3 30 82-4-133-9 -6 31 824 — 113 ]
135 4 206-0—288-4 | 260-1420-9 24 103-0—164-8 <3 22 52.-7—133-¢ 0
93 185:4—329.6 | 254-9445-2 95 82-4—164-8 -5 93 82-4—133
Poreine I, ....... 48 22 | 206-0—398-7 | 276-64+334 22 92-7—133.9 -3 22 92-7—133
lst Generation.... 76 23 216-3—298-7 | X78-64+37-6 23 123:6—144-2 -1 23 103-0— 144
22 226-6—360-5 | 297-3-1-37-1 22 103-0—-144-2 -0 22 92.-7— 144
95 1 236-9—339-9 | 299-7425-0 21 123-6—164:8 0 21 123-6—154
118 22 226:6—391-4 | 286-1+30-0 22 123-6--154-5 -4 22 103:0— 144
135 20 329-6—422-3 § 370-1429-4 | 18 123:6—144-2 -7 16 103-0—144
130 206-0—422:3 | 300-2+45-6 128 92-7—164-8 -4 126 92:7-154
Porcine 11,....... 48 22 28(-0—350-0 | 311-8+417-4 i 21 130-0—150-0 -7 22 100-0— 144+
2nd Geperation. ., 93 27 250-0—330:0 | 301-9+20-0 27 EO0-0-150-0 0| 27 100-0—130-
49 230-0—350-0 | 306-3+£9-9 i 48 | 100°0—150-0 -2 49 100-0—
Human........... 33 13 190-0—310-0 | 276-2+35-0 13 110-0-130-0 -5 13 90-0—120-
76 18 200-0—270-0 | 238:-9419-4 19 80:0—120-0 -6 26 20-0—130-
24 ] 210-0-270-0 | 240-0+15-9 . 26 80:0—110-0 -2 18 90:0—110-
55 150-0—310-9 : 248-24276 58 80-0-130-0 i 99-2415-7 57 90-0—130-
1 1 !




TABLE 19.——Distance of the genital pore from the anterior margin of the segment (%) (all the specimens examined)

Mature Gravid
Sirain Age Host No. |— .- — No. -
Range 1 Mean Range | Meun
Bovine I.....cvvevrennn.. 48 Lo DRetus, 1ovisneieeaninenniniins, 2 43-9-61-5 532 ET 435645 54-5
L. DIets, 2. 0eiieii e, g 43.2--59-2 49-2 35 ¢ 41-0—618 52:9
C.odiNgO. .o o 45 41-2-55-5 45-0 43 50-0—758 55.2
DIOZ. it eraietierieriaasransnnas 25 37-5—53-6 474 32 i 356625 50-2
A 8 36-4—53-7 48-6 6 50- 4656 58-1
Total....ooveeen e an.. 148 36:4—615 496 147 35-6-758 . 545
Bovine I................. 35 6 429556 45-5 5 45-0-57-1 | 506
30 37-5—61-5 484 31 46:5—64-6 ! 52-2
75 27 41-7—64-9 52-9 23 48-9-72:.2% | 58-3
31 39-1—59-3 48-3 26 46-9-72-5 56-8
95 6 46-2—54-6 50-0 5 50-0-64-0 565
29 41-2--59-4 48-3 28 45.5-57-7 51-0
118 24 40:0—676 52.8 10 S1-4—66-7 577
18 43-8-56-3 494 17 52-4—65-6 59.3
135 ] 417526 467 30 48-7—68-8 56-4
27 41-2—60-9 50-4 27 47:3—61-5 54-6
226 37-5—67-6 30-0 205 45:0—72-5 55-1
me  Ovine II................., 35 Dog 29 453640 | 54-3 — — i —
— C. (T.) mesomeias. .. 38 41-7—75-0 54-3 23 487 -73-3 59-9
L 15 C. (T.) mesomelas.. . 12 47-8—60-0 53-1 13 33-3—59-6 51-3
95 C. (T.) mesomelas 31 48-0—-73-1 96-0 30 47-1—66'2Z 57-0
- 110 41.7-75-0 54-6 66 13-3-73-3 56-9
Potcing Toovoovivnnnennnn. 48 22 47-8—66-7 511 23 54-4—80-9 58-3
60 24 43-8-39-1 491 24 53-3-63:6 57-5
109 32 41-7—62-5 52:6 26 45-7-70-4 580
135 15 43-8—66-7 532 23 54-6—68-0 60-0
93 AT —6607 51-4 96 45-7—80-9 385
Porcine T1.......0vveeeunns 48 20 | 412583 49-3 17 48-9_67-4 56-%
1st Gereration............ 76 23 42-9—66-7 50-8 22 42-6—80-6 55-7
21 42.9—61-1 51-9 19 48-7—63+4 $6-2
95 21 40-0-57-1 476 20 46-2—61-5 52.2
118 21 412556 476 21 50-9—61-5 562
135 11 444636 52-9 i5 47-6—60-0 545
117 40-0—66-7 457 114 42-6—80-6 55-3
Porcine IT...........ocu.. 48 23 41-2—57 -1 47-9 15 45-0—58-5 525
2nd Genperation........... 95 25 42957} 507 17 43-8—58 8 509
48 41-2—-57-1 49-4 32 43-8—58-8 | 517
HUmam, . .vvvereieninneans 35 14 44-6—56-4 52:5 14 554694 60-8
76 18 42:3-54-6 42-5 18 46-7—595 53:2
26 43-8--57-7 51-8 25 48.7—64-0 35-8
Total. . vvesvivrvaneinnes 58 43-2-57-7 51.2 57 46-7—694 56+
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TABLE 20.-—Distance of genital pore from the anferior margin of the segment (%) specimens with mature ova only

Mature Gravid
Btrain Age Host No. No.

Range I MMean Range Mean

Bovine L......oevvviennn. 48 O o R S 13 43-2—53-9 48-6 11 41-0—-57-4 52-5
L. pil 20 38-6—61-5 53-1 18 43-5-63-0 54-2

” 3 444 —50-0 47-9 1 — 68-8

12 43-6--53-1 470 12 38-5—-62-5 51-9

1 — 36-4 1 -— 61-0

49 38-6—0nl-5 49-8 43 38-5-63-0 53-6

Bovine IT............ e 76 D . 23 40-0—39-3 48-2 23 46-9—65-4 56-4
o8 11 46-4—54-9 55-5 8 50-0-65-2 60-5

95 Dog. v i i e 1 — 50-C — - —

C. (T.) mesomelas. .. 16 42:3-59-4 484 15 47:5-57-7 52-9

118 DOg.cveeee i 11 40-0—457-6 3.8 5 SL-4—66-7 Q-7

C. {T.) mesomelas. 7 48-6—52-4 50-4 6 55-4-65'6 61-2

135 Dog......... e e 21 41-2-52-6 46-8 21 50-8—68:8 57-9

C. (T} mesomelas., 23 41-2—60-9 50-8 23 47-7—6L'5 55-2

Total...oovvviieiinennn 113 40-0—676 49:4 101 46-9—68 8 55.9

Ovine IT,, ..o iinveenins 76 Co (T mesomelas. ... .oooviinvinn.. 2 50-0—56-3 53-2 2 51-9-59-6 55:5
95 Co(T.) mesormtelas..covv vavvan e s a5 48-2—64-5 565 25 47-1—-66-2 565

27 48:2—64-5 56-2 27 47:1—-662 56-9

Porcine L.....ooovvnnnnns 48 12 47-8—66-7 51-1 12 56-3—80-9 605
60 i1 43-8—54-2 49-5 1 54:7—-63:6 58-9

109 16 44-8—60-0 52-7 14 45-7—70-4 601

135 2 47-6—03-6 354 3 571-T—359-5 58-9

41 43:8—-66-7 51-5 40 45:7—80-9 56-8

Porcine IT..............-. 48 15 41-2—58-3 49-4 12 54-6—~674 581
1st Generation.. *........ 16 4 42:9—66-7 51-2 4 52-7—80-6 60-0
10 47-1—61-1 52-0 9 48-7—63-4 56-0

935 4 42-9—56-3 48-4 4 5(-2—61-5 553

116 14 43-8—55:6 48-0 14 50-0—61-4 56-2

47 41-2—-66-7 49-4 43 48-7—80'6 57-0

Porcine IL................ 48 10 45-0—353-9 49-4 5 48-5—57-8 548
2nd Generstion........... 95 1 — 52-9 1 — 53-9
11 45-0—-353-9 49-7 48:-5-57-8 54-6

Human...........coeuvnn. 76 4 47-8—54:6 50-6 4 53-9—57-1 55-8
13 50-0-57-1 557 13 50-6—64-0 56-3

17 47-8—57-1 53-0 17 S-6—64:0 36-2
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- TABLE 21.—Number and distribution of testes
| Total Anterior Posterior
Strain AdB: slﬂ Host No.
¥ Range Mean+-8.D. Range Mean +S.D. Range Mean 4+ 5.,
: _ e _
‘Bovi ereraraeees 48 L. pictus, 1o ieiieiiniian . 31 31-49 iB-8:+4-8 16-30 218433 12-23 17-042-4
Bovine [.......... L bretws, 2.0 24 3049 37 1446 15-30 20-4%3-3 102 16-7+2-9
C. dingo.... LU 19 2639 510%3-4 15-23 18:2%25 10-18 12:832.0
DOR.senrnnis oo 29 2539 ¥0-2%3-6 14-24 174426 B-16 12:8%31
V. chama......ocovieinininninas 5 25-34 30-24£3-3 14-19 17-24+1-9 11-15 13:043-2
Totabieereoenennn. .. 108 25 49 54-31£56 14-30 194434 8-22 149431
R | T 35 | D0Gureiieerieriiitiiaeieanns 4 31-33 41-8 1820 19-1) 114 128
Bovine 11 c. (T} mesomelas, .o 22 25-39 29-643 3 13-24 18:342°5 815 10-811-9
T6 | DOBevreane e 23 2547 33-0%56 16-27 19-732-4 T 13-0%2.9
C. (T) TESOMELATs 1 verns e 25 25-38 31-5%3-4 15-28 20°242-7 814 11:4%2.0
95 | DOy veunnrein 10 27-40 34-0L4-6 17-24 200412-4 9-17 13-6%2-5
C. (r) mesomelas. .\ iue e 24 27-39 3-6+2-8 16-28 200723 813 10:9%1-8
118 | DOBu,snrcerrvnsanensonminein, 20 27-35 50-812-4 17-26 19-9%£2.2 215 11-041-9
C. (T) mesomelas. oovirs i 16 29-45 36-6+4-1 19-27 22-5%2.3 g 10 14-1%2+6
135 | DOgeeienriniiie i ce i 25 28-41 42-043-0 17-28 2005+£2-9 917 11-8+1-8
C. (T) mesomelas, oooioii .., 26 2641 32-8£4-1 16-31 20-343-4 9-16 12-5+1-6
Tolaliveesreierinnranns 195 25-47 322440 13-28 2002427 819 12:0423
OVINE Leoeonenee e 48 | L. PHCHMS. v 25 5880 684 £7-1 34-53 41-5+5-1 21-34 269441
TS | | 35 Dog......... 26 2949 39-T14-8 17-34 255438 10-21 14-242:4
Ovine 1. C. (L.} mesomelas. ... 0000 36 32-54 43-3£2.8 21-33 7-6+3-3 10-25 15:6L3-2
76 | C. (T.) mesomelas.. ... ... 11" 5 3753 43-436-2 25-34 282434 12-19 15-2£3-1
95 | C. (T mesomelas. ... 0 3954 45-114-0 2337 28-7%3-5 11-21 16:4%2-6
o7 29 54 42-9+4-3 17-37 274437 10-25 15-5+2-9
i€ Tovesvvnrnennenaenns 48 10 28-38 312436 [3-19 15-54£2-0 14-19 15-74E-6
Porcine L........ 60 9 3541 374118 13-19 167417 18-23 20-@1-6
100 21 3042 36-1+3-9 13-24 19-042-8 14-25 17-1%2-2
135 1 — 32:0 — 16-0 — 16-0
41 2842 151441 13-24 176428 14-23 17-542-6
T 48 | DOgerierarriaan i iiais § 30-36 130522 12-18 15-B42:4 16-18 17-310-7
T 2 |B% W) aa et o | oacds o B3
18 37-50 413131 18-23 20-7E16 19-27 20-61L2:0
a5 8 3649 44-834-7 14-25 21-0%12 2124 23-871-8
118 13 3647 40-7+3-4 13-24 19-352.3 1725 21-442-6
135 2 3741 390 19-21 20:0 16-22 19-0
69 30-50 40-3+4-4 12-25 19-7£2:6 14-27 20-6+2-7
ine U............ R 48 | DOBerreairiiin i enn, 19 35_49 41-9+4-0 15-25 19°64+2-5 1827 223424
e A ation 95 | Dogeuiieeinionini | B B350 | 443133 13-27 223321 1828 | 22.0%22
TOMl e eeeerereer s [ 38 35-50 | 430438 | 1527 | 209427 | 182y | 232423
............ 35 4 3439 370 19-23 21-3 12-19 25-7
Hpman........... c (T) ESOMEIAS . orv s s one e 0 4451 47-4+1-8 20-25 22:5+1°3 2228 24-941-8
T 0 T 14 44-55 487411 20-29 236426 22-30 25-13%2-2
CCT mesomelas, 1 20 41-51 466427 20-27 22-4%1-7 21-30 242534
Total.ecvuveenronnn... | 48 34-55 45-6+4-1 1929 22.742-0 12-30 22.943-3
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TABLE 22.-—Size of cirrus sac (in microns)

VOIddV HINOS NI S3IDAdS SAD2020NIHOT 40 MAIATH

Mature Segment Gravid Segment
_ e - | e - :
Strain f:;sn Host ’ Length Width Length Width
No. - No. 5 -
r Range | Mear +-5.D. Range ‘ Mean+5.D. | Range ‘ Mesan +5.D. Range ‘ Mean 4:8.D.
Bovine I......., 48 21 ‘ 75:6—106-4) 861+ §-8 | 36-4— 752 49-44 9-3 9 | $2:8—105-8) 93-04 8-5 ] 50-6— 64-4| 55-2+ 5-1
20 72-8-114-8) 93-7£13-6 | 33-6— 64-4[ 51°8% 7-6 | 10 | 82-85—124-2(104-13-13-7 | 50-6— 61-6| 56-9+ 3-8
13 ; 64-4— 98-0 8594116 | 33-6— 560 46-7 7-1 | 12 | 95-2—112-0|104-5%+ 5-6 | 50-4— 84-6| 58-44: 89
4 1700~ 75-6 72-1 42-0— 36-0| 46-2 7 | 78-4—103-6 36-4+ 8-6 ] 39-2— 53-2| 48-84 4-8
1 i100-8 100-3 560 560 2 |I17-6—131-6/124+6 | 56-0— 61-6| 58-8
: 59 | 64-4-114-8| 87-9412-2 | 33-6— 75-2| 4954 81} 40 ) 78.4-131'6) 99.7+12-9 | 39-2— 84-6| 55-7% 6'8
Bovine IT........ 35 | Dag |2 | s8-8~ 70-0f 644 336 560 44-8 5 {1092 123:6/t14:34+ 7-9 | 58-8— 70-0 63-8+ 42
! O 8194146 | 42-0— 70-0 57-94+ 8-7 | 23 |12-0—154-0{133-3111-2 | S6-0— 72-8| 66-24 43
75 i -81101-5+19-1 | 42:0— 70-0| 60-0% 9-3 | 14 | 98-0—134-4{117-6+10-4 | 56:0— 70-0 64-2+ 5-3
-0l 88-9412-3 | 50-4— 70-0| 61-8% 67 | 19 [117-6—168-0/135-7L16-4 | 56-0— 756 68-7+ 58
95 0{129-9L46-0 | 44-8— 31-2| 71-1320°3 0 — — — —
‘4[102-24+17-6 | 42:0— 756 62-5+ 9-2 | 18 | 89-6—140-0(120-0+14-9 | 56-0— 78-4| 66-6+ 4-9
118 -4[105-34-14-5 | 44-8— 92-4| 60-6L10-2 3 les-2_112-0/101-7 56-0— 38-8 57-9
-0/106-4+14-6 | 28-0— 70-0] 56-24:14-2 | 14 [112-0—151:2{126°2+12-6 | 56-0— 67-2| 64-0.L£ 3-3
135 104-9421+7 | 36.4— 78-4) 60-5411-5 | 23 [106-4—140-0/125-5+£10-1 | 56-0— 81-2| 68-2+ 6-0
2| §6-2%:16-2 | 33-6— 70-0| 52:9% 9-1| 17 | 89-6—145-6/120-2.£13-7 | 56-0— 72-8| 63-4% 49
-0 91-9420:9 | 28-0— 92-4| 59-1416-1 | 136 | 89-6—154-0/125-24 t4-4 | 56-0— 81-2| 6594+ 53
Ovine II....,.... 5 | D 26-0~210-0166-9422-1 | 56:0—100-8] 79-34£12:0 0 — — — —
€. (T.) mesomelas. | 15 |156-3--220-9|i82-4424-5 | 67-2— 98-0 $3-9% 8.2 [ 13 [182-0—215:6/192-8412-3 | 84-6—108-1| 91-6+ 66
75 C. (T} mesomelas. L) — s — 9 [159-8—224-0{176-6119-3 | 75:6— 98-0| 85-0% 67
95 | C. (T.) mesomeias. | 22 |140-0-210-0|160-8218-1 | 61-6— 95-2| 771+ 9-0 | 11 |154-0—210-0((76-7£15-1 | 64-4— 85-2| 78-7= 9-9
Total...... | 51 |i26-0--220-9(168-8123-3 | 56-0—100-8| 79-7+ ¢-9 | 33 |154-0—224-0/183-0+16-9 | 64-4—108-1| 85-5% 9-5
Porcine 1....... 48 | Dog.uiiviinn.... 11 | 92-8—114-8| 96-74£12-4 | 56-0— 95-2| 67-7+10-5 6 |103-6—131-6/120:4410-8 | 70-0— 75:6| 70-9+ 2'3
60 | Dog........o..... 12 | £4-0—151-2{108-0£19-4 | 56-0— 84-0| 69-8% 7-7 | 19 |120-4—156-8/134-110-9 | 70-0— 84-0| 75-6.t 3-7
109 | Dog.eu.cooovrnn.. 13 | 70:0--109:2| 84-9L13-5 | 44-8— 67-2| 54-3% 93 7 |103-4—136-3[115-4+11-6 | 58-8— 70'5| 65-9% 4-6
135 | Doguvuvvvvnn..... 1 |128-8 128-8 784 78-4 12 |i03-6—140-0/120-6+ 9-6 [ 56:0— 70-0| 65-1+ 5°1
Total,..... 37 | 70:0--151-2| 97-14-18-4 | 44-§— 95-2| 64-04-11-5 | 44 |103-4—156-8(125-64-12-9 | 56-0— 84-0| 70-6+ 63
Porcine IL...... | 48 | Dog.............. 15 | 84-0-140-0[113-54.15:7 | 47-6— 72-8] 64-4+ 7-4 5 0[135-0:£19-2 | 56-0— 67-4| 62-21 4-4
1st Generation 76 | DOBeenrernnnn.. 19 | 70-0--126-4{101-6¥14-7 | 42:0— 5-6 60-1+10-7 7 -0[132-4% 8-7 | 56:0— 98°0| T0-814-2
C. (T) mesomekis. | 15 | 84-0—131-6{107-2416-1 | 39-2— 70-0; 59-0L£ §-9 9 0{124-14+10-5 | 56-0— 75-6| 63-8.- 3-¢
95 | Doge.iiierrnnnnn. 10 | 84:0--134-4{111-4L15-9 | 532~ 64-4 50-8% 5-1 6 6(143-6=18-0 | 70-0— 840 74-7% 7-2
118 | DOgoeveiannrrnn.. 14 | 70-0--112-0/101-4x11-1 | 42.0— 70-0 58-2% 7-5 | 13 0(132-7+14-4 | 56 0— 86-8| 65-9% 86
135 | Dogueivecnnn..... 5 123-2-168-0/139-4117-4 | 64-4— 72-8| €83+ 32| 12 0[127-9+ 9-5 | 58-8— 78-4] 67-0% 61
: Total...... 78 | 70-0—168-0108-6+17-3 | 39-2— 5.6 60-74+ 27 | 52 |{103-6—78-6/131-5+13-7 | 56-0— 98-0( 67-1& 87
Porcine I...... | 48 | Dog.............. 15 |103-6--140-0{118-9+£13-4 | 44-5— 72:8| 62:42 7-4 J 4 1138-0—-147-2{141-3+ 4-0 | 67-2— 78-2| 71-14+ 45
2nd Generation, | 95 | Dog.............. 12 |112-0—154-0[132-8£121 | 56-6— 980 6951l 1| 13 [117-6-182-0{[38-4£17-7 | 56-0— 70-0| 64-3% 4-9
Total...... 27 |103-6--154-0{125-1413-9 | 44-8— 98-0| 65-54; 9-7 | 17 {117-6—182-0[138-4417-7 | 56-0— 78-2| 65-9% 56
Humen......... | 35 | C.(T.) mesomelus. | 10 |114-8—169-2(129-74+14'9 | 56:0— 896 73-9413-5 | 10 j117-6—187-6|148:1+£23-0 | 50-4— 75-6| 61:6+ &5
76 Do .............. 13 ! 84.0--134-4{108-5+14-4 | 56-0— 84-0) 68-7L 79 3 ,137-2—142-8[140-0 50-4— 81-2| 69-1
(T) mesomelps, | 12 | 84-0--126-0|103-8L13-9 | 44-8— 67-2| 58 6+ 61 0| — — — —
Total...... 35 | 84:0—169-2113-0417-7 | 44-8— £9-6' 66-7+ 97 | 13 1117-6—187 6| 146-3£20-3 !'50-4— 81-2| 63-3L10:5




¢I1

TABLE 23.-—Size of ova and oncosphere hooks

Ova
Oncosphere hocks
Strain Ape Host No. Smallest diameter Greatest diameter No.
Range ‘ Mean Range Mean I Range Mean
Bovine L........... 48 | L. pictus, 1o........ s 7§ 27-8-294 | 287 35-8—51-9 | 37-9 2 | Ww7-116 | 112
Lopletus, 2.0 .. ... 20 28-9-35-9 30-9 33:3-40-4 37-2 14 10-3—13:3 11-1
Dog, 2. 4 28-9-35.9 32-0 17-7—43-0 40-5 —_— — —
Total............ k2 27-8—35-9 30-542-2 33-3—-43-0 37-8+2.2 16 10-3—13-3 Jl-liO-BM
Bovine T........... 76 | Dog. .o 12 28-2—-33-3 30-2 33-5—-40-8 379 12 9-2—12-5 10-6 -
C. (T} mesomelas. ........ 2 28-6—28-9 28-8 38-6—39-4 390 — — —
118 DOg. i iiiiaiias 4 28-5—30-% 27-9 16-0—38-2 36-9 i3 10-0—11-5 10-8
. (T.) mesomelas. ........ 16 26-0—33-2 30-8 32-8—40-6 382 12 10-3—13-0 11-1
135 L3 2 18 28:0—359 308 30-9—-41-3 359 14 8-6-—-13-1 11-5
C. (T.) mesomelas. ........ 14 29-1-33-2 31-2 35-1—-40-4 38-2 10 9:-9—11-8 10-9
Total............ 66 26-0—35-9 30-7£1-8 30:9-—41'3 377421 54 8-6—13-1 11'0:|:1-077
Ovine L............ 48 Lopletus, oo iiiiiainaes 8 30-9--33:3 32-0 35-6—38-7 373 3 10-1—-10-6 10-4 o
L. pictus, ... 10 35-1—41-2 37-2 39-0—44-5 42-2 29 8-5—13-5 11-1
18 30-9--41-2 M4-9+3-1 35-6—44-5 40:-0£2-9 32 8:5—13'5 11-14+1-4
Ovine IL............ 76 | Dog 12 | 30-5—34- 13+1 33-8-40-8 | 38-4 17 9-5_140 | 11.7
vine CC § | a8-8-35-4 | 323 353419 | -4 — Z _
95 Doeg... 8 304344 32-6 35-1—-43-9 39-3 8 10-1—12-9 12-2
. (T.) mes 12 29-5—-34-3 316 35:5--39-3 37-7 16 9-4-13-8 118
118 | . (T.) mes g 31-9-34-3 32-9 37-3-3%-9 333 9 1-0—14-2 12-4
49 | 28-8-35.4 | 325416 33:8—43-9 | 385116 50 9-4—14:2 | 11-941-1
Porcing Lo.vaveueiss 48 8 | 29639 32-9 34-1-43-2 | 37-3 8 9-6-11-5 | 108
oreine 60 6 | 29-9-35-1 331 33.5--38-0 | 35-0 6 0-1-11-0 | 106
109 2 32:0--32-9 32-3 347364 35-6 — —
135 8 31-6—35-4 32-9 34-7-377 p 36-3 ‘ 8 9-3—12-7 10-7
24 29-6—39-8 32:942-4 33-5-43-2 35-54:2-1 J‘ 22 9-3—12-7 10-74+1:0
oreine ... ....... | 48 12 | 30-6-345 | 325 331-4—386 | 359 8 9-8—12-3 | 11-0
:;:;.mé‘e%eration 76 12 | 29:3-34-5 | 313 31-7-42-1 | 387 12 9.6—13-2 | 1I-4
12 28-7-—-37-1 32-3 33-3-39-1 35-8 10 10-3—-12-6 11-4
95 8 | 29-5-34-3 | 317 32.8-37-2 | 35-4 6 9-2—11-5 | 10-2
118 16 29-8§—33-3 31-8 31-6—-40-2 35-0 10 10-8--12-4 1i-4
50 28737 1 32:041°6 | 31:6—42-1 35-34-0-7 46 92132 11-6:+1-3
Porci | .. o5 4 30-6—33-! 32-4 33-2—-35-8 35-0 —_ — —
Porcine M ion. 10 | 286319 | 302 31-5-354 | 339 8 | 101—13-1 | 112
14 | 289-33-8 | 308405 31-9-35'8 | 342413 8 | 10-1-131 | 11-241-1
HUman. savsessranss 35 . (T.) mesomelas. 4 32-5-33-5 33-1 34-5-39-9 35-3 I 9.-9.-13-3 114
76 | C. (T.) mesomelas. 14 28-9—-33-4 30-8 33-9-37-4 35-8 4 9:2—10-5 10-0
Total.eoveeienns, 18 28:9--33-5 31:341-5 33-9-39-9 35-04-1-5 10 9-2—13-3 10-84-1-2
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TABLE 24.—Variation in size of the three pairs of oncosphere hooks

Short hd Medium Long
Strain Age Host No. —

Range Mean Rangs Mean Range Mean
Bovine I.......... 48 L. opictus, 2............ 1 —_ 10-8 — | 11-3 — 11-4
Bovine II......,.. 118 C. (T.) mesomelas. ..... 1 — 10-3 — 10-7 — 13-0
135 Dog.....coovvvvvnnan.. 1 — i 10:0 — 10-7 —_ 12-6
Ovine I........... 48 L.opictus............... 7 8-5—-10-8 9:6 | 9:4—12-2 10-7 10-5—13-5 12-4
Ovine I.......... 73 Dog.......ccviiuun, 1 —_ 95 — 9-5 — 98

95 1 C, (T.) mesomelas. ..... 1 — 9.4 — 10-7 — 12.
Porcine 1......... | 45 | Dog.iiiiii, 1 — 9.5 — 10-6 - ! 13
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TABLE 25.—Number of worms recovered at post-niortem

- ' B N Origin cﬁlfestive Eten’al ) T
! - d_BT);i;;ﬁ 0 Qvine Porcine o
f [RSE— —_— | ——— —_ — B - . P
inﬁa%teat?on Host I T 1 [ I | I
in days \ | ! B — Human
! ] | | \ _ Genemtion
| B e e |
DOB. oo S X A " S SR (U R \ 242
35 ] C. (1) mesomelas. . -v.vovninn | %9 — | 1000 - | = I 352
- | [ PN | — I# 2 ‘%_ —_ L l—r—i ‘t_ |m:__,___\_:___
R {717 D —_ — 6 - — — —_ —
1{:. ﬁﬂgﬁi ........................ ‘ 14200 | — | 706 = ! — | - \ — \ _
L DICIHS . oo 23,005 — e | — — - | - | -
C.dingo.... ...l 450 |~ 12 = [ — — b=
48 DIOZ. ettt reaaeaes 380 - 2 | - 0 4,829 ‘ 571 \ —
DOg. oo 3,384 — I 2 — 1,292 s = -
V. CRAMG. ..o oo ie e aniannann 10 — \ 0 — - — ‘ — } —
- *V tclmma ........................ 1%)2 — g - - ] - ‘ - -
~ ARSI A - - e
C. (T.) mesomelas. .............. o ]“—ﬁ ]_ — |;L: - — | 181 \ _
60 1 137 SO — — e s 48,471 _ } _ ‘ _
B DOR. v eevnesieeanineennanens - 70 | — | 2190 — 3,120 — | 2%
75 g t(T.) mesomelas. .. ..., \ — EB,048 ) — ] 6,678 - 5634 _ \ 976
2 1 | — L —_ v — | - _ | —
) Y T — ] 24 | — [ 2200 — | L85 | 315 | —
95 \ C. (T.) mesomelas. ............... — \ 3.,148 ’ — I 48,6601 N i l 1,432 \ _
) l [0 ] P I - I 0 - —_ . _ _
109 I DB e teenvnenienaniaeeaanns L= — ] — ' — 15970 | - \ - | =
) \ DO vneneeresneran e I T — | 152 | \ s | =
118 C. (T.) mesomelas. ........co.ouon l -— 635 \ — 3,792 — - - \ —
. } Cat......... e e L L 0 — | = } ~ | - - =
135 | DOZ..cverinereninnne. e, i — 16226 | — | — | 18540 578 ~‘ I
‘ C. (T) mesomelas. ... .. e o | 7,866 ] — | - | - - - ) _

* bne half Lhe number of scolices administered to the other carnivores
+ Accidentally overdosed
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TABLE 26.—-Percentage of paient worms

811

SAIOALS SAOIONIHIT A0 MAIATY

| Bovine ‘ Ovine Porcine Human
\ | | B I I - o
A of ‘, I ( h 1 | oW 1 | i
infestation Host —_— _.m’_ - -
in days } ‘ '[i I [ Generation
A R R |
Lopittus. .oooooiiiine i, 886 — L 617 —_ — J — r — —
Lopictus.........c.oo i i, 50-0 — 65-6 — —_— ] — | — —_
48 C. dingo........ e 13-3 — — —_ — — J — -—
DOR. v ttveneea o ( 29-4 — 0 — ( 54-6 667 435 —
V.chama........................ Lo 125 — ] — -— l — — —
C. (T) mesomelas. ............... ] — — J — — — l — 0 -—
60 ) DOGerre y} — } — ‘ — — 58 . — — —
75 DOReeeee s [ — 51-9 _ 83 | - 17-4 _ 19-0
C. (T.) mesomelas. ... — 60-1 — 16-7 — 47-8 — 83-3
95 I DOBrorres e L s — 226 }__) [ 23-3 37 | —
C. (T mesomelas.. .............. — 48-5 — 667 — i — 73-3 —
109 (DOZeereere s = 7[ — — _ 51— | = [ _
18 | DOBuurrire e — | a5 — — _ 739 | - -
C.(T) mesomelas. ............... — 700 — 23-3 — — J —
135 | DOZuworeensnesare e — T esg | — | — I 125 | 167 -
C. (T,) mesomelus. ............... —_ , 75-0 — ! — | — ) — -— —
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