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Dietary control was found to be essential with HB419,
a with other hypoglycaemic agents.

The effective dose varied between 2+ and 15 rug. j day,
administered in single or divided dosage. In this trial the
maximum dose used was 15 mg., but other workers have
used as much as 40 - 80 mg.jday. It is our opinion
that doses in excess of 15 mg. are seldom re­
quired and are unlikely to improve control in the indi­
vidual case or to increase materially the number of cases
adequately controlled.

Combined therapy with diguanides was well tolerated
and certainly improved control and increased the per­
centage of cases which could be well controlled with
HB419.

It must be stressed that HB419 may cause hypogly­
caemic symptoms even in small dosage. 0 cases of
hypoglycaemic coma were encountered in this series, but
reduction in dosage or discontinuance of the drug wa
necessary in a few cases. The clinician and patient should
be alerted to this possibility.

In general, the drug is as well tolerated as tolbutamide
and chlorpropamide and no serious side-effects were
noted. One patient developed a severe neuropathy which
recovered when the drug was discontinued, and better
control was established with chlorpropamide. Other side­
effects were mild and the majority disappeared if patients
persevered with the new treatment.

Although a temporary drop in leucocyte count, plate­
lets and prothrombin index occurred in a few cases, no
permanent abnormalities were manifest in repeated
laboratory investigations in spite of continuation of
therapy.

HB419 is thus a most valuable addition to the practi­
tioner's armamentarium of sulphonylurea drugs. When
compared mg. for mg. it is certainly more powerful than
any of the sulphonylurea preparations and the patient is,
therefore, subjected to a maller concentration of the
active substance.

Individual idiosyncrasy and side-effects will continue
to determine the patient"s preference for one or other
sulphonylurea, and well-controlled patients should, there­
fore, persist with the treatment which suits them best.

This new drug will occupy an important place in the
treatment of diabetes and will certainly increa e the num­
ber of patients who will be able to benefit from oral
therapy.

A further review of the effectively controlled group at
the end of 22 months revealed no significant change ID

our findings.

SUMMARY

The properties of a new sulphonylurea (glibenclarnide) are
described. inety-eight White maturity-onset diabetics have
been treated with this drug for periods up to 22 months. It
is well tolerated and there are few side-effects, but hypoglycae­
mia must be guarded against.

No permanent biochemical changes have been noted and
45·2% of cases have achieved good-to-excdlent control and
35·5% have achieved fair control. HB419 is ·an extremely
powerful antidiabetic agent.

We wish to thank Prof. T. H. Bothwell and Dr H. van
Wyk for permission to publish these cases; Dr W. M.
Politzer for the biochemical investigations: and Sister D. E.
Maxwell and her staff for their co-operation. The HB419 was
supplied by Boehringer Mannbeim and we appreciate the co­
operation of Mr H. W. A. Matthes.

THE USE OF BEHAVIOUR PATTERNS OF LARVAL SCmSTOSOMES IN ASSESSING THE
BILHARZIA POTENTIAL OF NON·ENDEMIC AREAS*

R. J. PITCHFORD AND P. S. VISSER, Bilharzia Field Unit, South African Council for Scientific and lndustrial
Research, Nelspruit, Eastern Transvaal

Useful information regarding the field transmission of
larval schistosomes from snails can be obtained in a num­
ber of ways, such as filtration of, or rodent immersion
into, field waters. However, nothing is learnt about the
longevity of shedding snails, nor of the effect of varying
incubation periods and changing temperatures. The
artificiality of laboratory studies makes field application
difficult or impossible.

During the normal course of maintaining the same
strains of Schistosoma mansoni, S. haematobium and S.
mattheei under outdoor conditions at Nelspruit from 1961,
it was soon evident that a very constant pattern of ex­
posed snails and larval schistosome development was
being presented each year. It was also possible to corre­
late these findings with the field transmission of S.
mansoni and S. mattheei as was shown by rodent immer­
sion into natural waters in the neighbourhood of
NelspruitY

It was felt that the method of exposing snails to mira­
cidia and studying the subsequent behaviour patterns

'Date received: 1 December 196 .

under outdoor conditions in non-endemic areas might
provide some information regarding the bilharzia poten­
tial of these areas. In many area bilharzia follows
agricultural development or other ecological change as a
sine qua non; however, occasionally it might be advan­
tageous to know in advance whether, as a result of human
activities and consequent snail introduction, schistosomes
would be likely to flourish.

MATERIALS AND METHODS

Schistosome eggs from the mashed, sieved livers of
laboratory-infected rodents (Praomys (Mastomys) natalen­
sis and Saccostomus campestris) were hatched in water.
Batches of 6 - 8-week-old elspruit laboratory-bred nails
of the appropriate species were exposed singly for 6 - 8
hours in serology plates to 5 miracidia of Transvaal
strains of S. mansoni, S. haematobium and S. mattheei.
The snails were then placed in outdoor asbestos aquaria,
4 - 5 inches deep, containing 3 - 4 gallons of water and
3 - 4 feet above ground level. Tap water wa used in
areas where bilharzia host snails were present, and raw
field water in areas not harbouring intermediate ho ts.



984 S.A. TYD KRIF IR GE EESKU DE 9 Augustus 1969

34

not been found, in spite of the presence of both snail
hosts, Biompha!aria sp. and Bulinlls (Physopsis) sp., in
small numbers. The nearest endemic area to Lydenburg
was about 10 - 15 miles to the north-west and north-east
(Official Records of the State Health Department) at an
altitude of 3,000 - 3,500 feet above sea-level.

Heavy winter frosts occur annually, with freezing of
small field waters. Snow falls occasionally. The monthly
mean aquarium temperatures are shown in Fig. 2. The
lowest temperature recorded in the aquaria was -6·5°C
and the highest 2rC over a 2-year period. Field tempera­
tures were not recorded.

~. .
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Fig. 2. Mean monthly maximum and minimum aquarium temperatures.
Telspruit and Lydenburg.
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Fig. 1. Map of the endemic bilharzia in South Africa and some of the present
and proposed irrigation schemes.
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Snails were removed, the water
changed and aquaria crubbed out
weekly. 0 more than 15 snails
were placed in each aquarium and
shedding snails were kept until
dead.

Snail were individually ex-
amined for cercariae in test-tubes,
but not in direct sunlight. Initially
this was done twice a week but
was later reduced to once a week.
Daily maximum and minimum
aquarium temperatures, and where
po ible continuous field water
temperatures, were recorded.

Sites
1. Ne/spruit is situated at 30°

58' E, 25°28' S, at an altitude of
2,350 feet above sea-level, in the
Eastern Transvaal Lowveld. Bil­
harzia infection rates, based on
one stool and urine examination, of
over 90~o S. mansoni and over 800

0

S. haematobium in man, and over
70% S. mat/heei in stock carcasses
examined at abattoirs, have been
recorded (Fig. I).

Field transmission of S. mansoni
from snails determined by rodent
immersion was seasonal, and either
started or increased significantly in
the spring (September) with peak
transmission in mid-summer, fail­
ing in late summer (January) with
an occasional sharp peak in autumn
(April/May). For the remainder of
the year there was comparatively
little or no transmission.'·'

In those area which supported
sufficient cattle, transmission of S.
mattheei occurred throughout the
year, with greatly increased trans­
mission in spring and summer. In
areas with few cattle, transmission
was erratic and unpredictable. No
good field transmission picture was
obtained for S. haematobiumY

Light frosts occasionally occur
along some Lowveld rivers during
winter, but there is no freezing of field waters. The lowest
temperature recorded in the elspruit aquaria from
1961 to 1967 was 1·5°C. Field temperature up
to 36°C have been recorded in canals and creeks
during summer; the highest temperature recorded in the
aquaria was 32·5°C, but aquaria were never subjected to
direct sunlight for the whole day. Mean monthly maxi­
mum and minimum aquarium temperatures for various
years are shown in Figs. 2 and 3.

2. Lydenbllrg lies at 30°27' E, 25°06' S, at an altitude
of 4,500 feet above sea-level, about 40 mile north-we t of
and about 1,200 feet higher than Nelspruit. Bilharzia has
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southwards through the town and empties into the Indian
Ocean about 150 miles further on. The Brak River, a tribu­
tary of the Fish River, was dammed several decades ago
about 30 miles north of Cradock to supply irrigation water
along the Fish River. In spite of this the winter flow of the
Fish River is very poor or non-existent. With the advent of
the syphon from the Hendrik Verwoerd Dam the Fish
River will flow permanently and much more land will be
placed under irrigation, both above and below Cradock
(Fig. I). Chemical analysis of the Fish River at Cradock is
shown in Table I.

None of the 3 species of schistosomes has ever been re­
ported from the Fish River Valley nor have host snails
been found (Official Records, State Health Department).

Hard frosts occur during the winter, and occasionally
snow falls on the bills in the vicinity. Mean monthly
aquarium temperatures are shown in Fig. 3. The highest
temperature recorded in the aquaria was 36·0°C and the
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Fig. 4. Mean monthly maximum and minimum temperatures of the Orange
River water at orval's Pont and Koegas.

Fig. 3. Mean monthly maximum and minimum aquarium temperatures. Nelspruit,
orval's Pont, Koegas and Cradock.
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3. Norval's Pont lies on the Orange
River (25°28' E, 30 0 38'S) about a mile
downstream from the large Hendrik
Verwoerd Conservation Dam presently
under construction, at an altitude of
3,910 feet. The dam is one of several
to be built for irrigation lower down
the river, and, in addition, various
irrigable areas in the Eastern Cape
Province which to date have no con­
nection with the Orange River will be
supplied with water by a 50-mile-long
syphon from the dam. The dam will
almost certainly be used for recrea­
tional purposes.

The nearest endemic area of S.
haemarobium and S. marrheei lies
about 250 miles east and south-east in
the Transkei, where, in addition,
Biomphalaria sp. was found without
S. mansoni.' S. mansoni has been
found about 400 miles away in Natal
east of the Drakensberg. Neither snail
species has been reported nearer than
the above-mentioned sites but Bulinus
(Physopsis) sp. was found in the
Southern Transvaal and Northern
Orange Free State tributaries of the
Vaal River (Official Records of the
State Health Department). This river
flows into the Orange River 150 miles
west of, and below, Norval's Pont.
B. tropicus was commoner in the areas
surrounding Norval's Pont.

Heavy frosts occur annually until
early October, with snow during
winter. Mean monthly aquarium
temperatures are shown in Fig. 3. The
lowest temperature recorded in the
aquaria was -5'0°C and the highest
41·0°C. Continuous water temperatures were recorded in
the Orange River just below the dam site (Fig. 4).

The height of the dam will be 280 feet and sluice gates
open from the bottom of the wall. This might be of some
future importance by causing a reduction in water tem­
peratures of the Orange River below after storage in the
dam. For all practical purposes the Orange River at the
dam site receives all its water from the mountains of
Lesotho which are regularly covered with snow during
winter. Floods occur during summer and the river is turbid
for most of the year, with a heavy deposit of silt and mud.
Except for a few individual schemes no large-scale irriga­
tion is practised within a radius of 60 miles from Norval's
Pont. Chemical analysis of Orange River water is shown
in Table I.

4. Cradock lies about 100 miles almost due south of
orval's Pont in the eastern Karoo at an altitude of

2,855 feet (25°38' E, 32° 10' S). The Great Fish River flows

TABLE I. CHEMICAL A AlYSIS OF ORANGE RIVER A o FISH RIVER WATERS, MAY 1966

Source Turbidity Conductivity pH Alkalinity Ca Mg NH, 'H, Cl so. a Ft
Orange River 174 195 8'5 102 63 37 0·01 0·1 3·25 3·4 8 0·3
Fish River 21 3,200 8·3 440 210 390 0·14 0·26 650 380 647 0·95



TABLE 1I. Biomphalaria sp. EXPOSED TO S. mansoni AT NELSPRUIT

Snails surviving to shedding Shedding snails
Month exposed umber snails exposed

Number % Number %ofexposed %ofsurvivors
Autumn

March 324 } 120 } 51 1April 389 983 177 454 46 55 164 16 36
May 270 157 58 J

Winter
June 360 } 267 } 115 }July 210 780 129 538 69 48 223 28 41
August 210 142 60

Spring
259 } 209 }September 120

October 339 598 186 395 66 106 226 37 57
Summer

ovember 315 } 30 } 9 }December 270 585 80 110 18 38 47 8 42

January 356 } 741 159 } 282 38 88 } 150 20 53
February 385 123 62

TABLE ID. LE GTH OF INCUBATION PERIODS OF S. mansoni, S. haematobium AND S. mattheei DURING EACH MO TH AT NELSPRUIT

S.A. TYDSKRIF VIR GE EESKUNDE 9 Augustus 1969

(State Health Department, Official Records). The snail
hosts have not been reported and much of the field water
in the neighbourhood is brackish.

Field temperatures of Orange River water at Koegas
are shown in Fig. 4. Flood water at Norvars Pont arrives
between 2 days and 2 weeks later at Koegas, depending
on the state of the river. It is likely that the reduction of
the Orange River water temperature below the darn at
Norval's Pont will also be evident at Koegas.

SOME CLIMATIC AND TOPOGRAPHlC FACTORS OF IMPORTANCE

IN RELATION TO BILHARZIA AT THE ABOVE FIVE SITUATIONS

Temperature
Although the trend of aquarium temperatures at el­

spruit and Lydenburg was the ame (Fig. 2), Lydenburg
was considerably cooler in both summer and winter,
regularly showing recordings below freezing-point during
winter.

The trend of aquarium temperatures at orval's Pont,
Koegas and Cradock was the same, but they all differed
from Nelspruit and Lydenburg in a greater range between
day and night and between summer and winter (Fig. 3).

The temperatures of the Orange River at Norval's Pont
and Koegas were very similar (Fig. 4) although it is
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lowe: t - 3·O°C. Field temperatures were not recorded,
because during the winter there was no easily accessible
field water which might have been representative of
natural waters surrounding Cradock. Cradock was cho en
because of the future irrigation extension in its immediate
vicinity, and because it was thought that it would be
reasonably repre entative of the whole of the Fish River
Valley.

5. Koegas (22°22' E, 29° 18' S, altitude 2,800 feet above
sea-level) lies on the Orange River some 300 miles down­
stream from orval's Pont and about 200 miles to the
north-west as the crow flies. The summers are hot, with
a little rain, and the winters are mild with occasional
frost. It was only pos ible to record weekly maximum
and minimum aquarium temperatures (Fig. 3). Some irri­
gation is practised at Prie ka, about 40 miles south-east of
Koegas. Future plans include extensive expansion of irri­
gation over large tracts of country along the Orange River
once the dams have been completed.

Several ca es of S. haematobium have been reported in
Whites from Prie ka. These patients have, however, all
given a history of having spent holidays or lived in
endemic areas of Natal or the Transvaal. Recent exami­
nations of local Bantu schoolchildren were all negative

S. mansoni S. haematobium S. mattheei

Length of incubation Length of incubation Length of incubation
Month period (days) Mean No. groups period (days) Mean o.groups period (days) Mean o.groups
Jan. 30- 41 34 12 37- 49 43 6 34--- 42 38 10
Feb. 31- 53 42 9 40- 61 50 9 34--- 56 42 10
Mar. 32- 53 45 7 { 49- 64 58 5- } 35- 71 55 12

146-210 184 3
Apr. r 60- 76 70 3- } 106-188 155 10 71-154 105 9

l 91-175 132 11
May 98-143 118 7 118-172 147 8 111-147 126 8
June 78-124 108 11 109-142 130 6 86-111 97 8
July 70- 90 80 6 79- 95 86 5 71- 90 82 4
Aug. 56- 89 68 7 74--- 81 78 4 60- 81 73 7
Sept. 45- 63 55 9 63- 76 69 7 49- 70 58 6
Oct. 37- 55 45 10 49- 73 58 12 45- 56 51 10

ov. 39- 46 43 3 42- 57 50 10 41- 67 48 15
Dec. 35- 42 38 4 41- 49 44 9 34--- 49 39 10

• Early April or early March exposures.
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known that Koegas ummer alf temperatures rise earlier
and fall later.

Chemical Constitution of Water
There is an obvious difference between the chemical

composition of the Orange and Fish Rivers which may
have some effect on snail life over a long period.

RESULTS

e/spruit
1. Biomphalaria sp. exposed to S. mansoni. The cumu­

lative total of snails exposed to miracidia each month
from early 1961 until the beginning of 1967 shows that
the survival to shedding and the shedding rates of
exposed snails increased from the first half of summer

ovember, December) to spring (Table 11).
Incubation periods (time from exposure to shedding)

varied with the seasons and was longest in those snails
exposed in autumn (April). Thereafter they gradually
shortened to spring (August/September) (Table Ill).

The duration of the incubation periods (Table IV) did
not affect: (a) the survival to shedding rate, with the
pos ible exception of incubation periods longer than 147
days; (b) the shedding rates, with the possible exception
of groups with incubation periods longer than 112 days;
or (c) the longevity of shedding snails.

The longevity of shedding snails was prolonged in those
snails which started to shed during the coldest months,
irrespective of the length of the incubation period (Table
V).

The cumulative total of snails, corrected to 300 e~posed

per month (Table VI), shows that (a) there wa a marked
increase of total shedding snails during September and
October; (b) peak shedding occurred dunng October,
November and December; and (c) there was a fall in
shedding snail numbers in January. These findings are
explained, firstly, by the gradual hortening of the incuba­
tion periods from April until August, resulting in more
or less simultaneous shedding in September / October;
secondly, by the rapid shortening of the incubatlOn
periods from September to February / March, combined
with high shedding rates and long life of snails exposed
between June and September (Table V), resulting in peak
shedding in October - December; and thirdly, by the high
pre-shedding mortality of groups exposed during
November and December, resulting in a decrease in shed­
ding snail numbers in January.

The above pattern corresponds almost exactly with the
field pattern of S. mansoni transmission to immersed
rodents in this part of the Transvaal. It does not, how­
ever, explain an occasional increase in field transmission
shortly after the January fall.' But, assuming that the
majority of field transmission to snails results from eggs
being washed into the water by rain, then field exposure
of snails during the dry season (June, July and August)
will be minimal. By deducting all shedding' snails which
were exposed during these months (Table VI) only one
change in the general pattern occurred; shedding snail
numbers decreased in January with a relative increase
during February, March and April corresponding with

TABLE IV. SURVIVAL A D SHEDDING RATES D LO GEVITY OF Biomphalaria sp. EXPOSED TO S. mansoni AT NELSPRUIT fN RELATlO TO
I CUBATlO PERIOD

Alive at shedding Shedding snails

TABLE V. LONGEVITY OF SHEDDING S All.S fN RELATION ro TIME OF YEAR WHEN SHEDDING STARTED

S. mansoni S. haematobium S. mattheei

Month shedding o. Time in weeks when 50% No. Time in weeks when 50 % No. Time in weeks when 50%
commenced shedding still alive and shedding shedding still alive and shedding shedding still alive and shedding

after shedding commenced after shedding commenced after shedding commenced
April/May/June 56 10-11 111 7- 8· 246 11-12
JuJy/Aug./Sept. 170 9-10 116 10-11 t 260 8- 9
October 198 6-7 92 4-5 281 6-7

ovember 98 5- 6 121 7- 8 114 6-7
December 54 <1- 1 167 6-7 207 4-5
January 52 4-5 124 4-5 170 5- 6
Feb./March 152 3- 4 100 6-7 233 6-7

• April/May only. No group started sheddinll in June.
t Only one group started to shed in each of July and AUllUS1.
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field findings. These, therefore, are probably the result of
January and early February exposures, with high shed­
ding rates, short incubation periods and short shedding
lives (Table IV).

2. Bulinus (Physopsis) sp. exposed to S. mattheei. The
cumulative total of snails exposed each month from early
196/ until the beginning of 1967 shows that the survival
and hedding rate were high throughout the year (Table
VII).

The duration of the incubation periods of this parasite
showed the same trend as S. mansoni, but were never
longer than 154 days for winter exposures. Survival and
shedding rates in relation to the incubation periods
(Table VIII) were consistently high, with the exception
of groups with incubation periods longer than 112 days
(some April/ May exposures).

As with S. mansoni, the longevity of the shedding
snails was prolonged when shedding commenced during

TABLE VI. MO 'THLY CUMULATIVE TOTAL OF SHEDDING Biomphalaria sp. EXPOSED TO S. mansoni AT NELSPRUIT
(CORRECTED TO 300 EXPOSED PER MONTH)

Number 0/ snails shedding cercariae each month
MOll1h Actual number

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Ocr. ov. Dec.
January 356 43 43 7
February 385 2\ 43 26 24 22 22 20 16 8
March 324 24 44 42 28 20 21 6 2
April 389 2 17 33 39 20 11 2
May 270 I 7 50 57 40 18
June 360 17 7 4 40 91 82 50
July 210 30 11 7 6 67 60 54
August 210 10 4 3 3 81 76 30
September 259 10 1 37 136 90
October 339 30 18 10 7 2 22 63

ovember 315 3 2 I 6
December 270 31 36 17 4

Total 3,687 132 122 106 88 72 68 67 82 176 375 437 313
Deducted/01' exposure

during dry mOll1hs
Jun., Jul. and Aug.: 57 22 14 3 0 0 0 0 46 239 218 134

Total after deduction 75 100 92 85 72 68 67 82 130 136 219 179

TABLE VII. B. (Physopsis) sp. EXPOSED TO S. mattheei AT NELSPRUIT

Snails surviving to shedding Shedding snails
Month exposed Number snails exposed

Number % Number % o/exposed % 0/ survivors
Autumn

March 384 } 320 l 189 1April 285 909 181 ,.. 631 69 120 396 43 62
May 240 130 87 J

Winter
June 241 } 203 ") 126 }July 180 618 130 r 497 80 87 328 52 66
August 197 164 115

Spring
September 172 } 503 147 394 78 93 263 52 66
October 331 247 170

Summer
ovember 410

~
335 ") 223 'I

December 290 1,232 210
~

974 79 141
~

610 49 62
January 254 202 120
February 278 J 227 J 126 J

TABLE VIII. SURVI AL AND SHEDDI 'G RATES A D LO 'GEVITY OF B. (Physopsis) sp. EXPOSED TO S. marrheei AT NELSPRUIT t RELATlO TO
I 'CUBATION PERIODS

Alive or shedding Shedding snails
Incubation Monrh exposed No. exposed Lengrh 0/survival 0/50 %

period (days) Number % umber %o/exp. 0/ shedding snails (weeks)
30-- 35 Dec. Jan. Feb. Mar. 234 179 76 124 53 4-5
36- 42 ov. Dec. 290 251 86 158 54 3- 4
36- 42 Jan. Feb. 290 230 79 138 47 6-7
43- 77 Feb. Mar. 442 383 86 210 47 12-13
43- 63 Aug. Sep. Oct. Nov. Dec. 764 587 76 404 52 4-5
64- 84 Jul. Aug. 197 168 85 99 50 3- 4
85-112 Apr. May. Jun. Jul. 556 445 80 297 53 6-7

113-154 Apr. May 240 129 53 81 33 4-5
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the winter and reduced when shedding commenced during
the summer (Table V).

The cumulative total of snails corrected to 300 exposed
per month shows that the number of shedding snails in­
creased during September, reached a peak during October.
ovemb~r and December, and fell gradually, in contra t

to S. mansoni, to the lowest numbers during mid-winter.
There were considerable numbers of snails shedding
throughout the year (Table IX).

In areas with numerous cattle, immersion of rodents
showed continuous transmission with a marked increase
during the summer, from about September. In areas with
few cattle. transmission was unpredictable at any time of
the year.' The majority of S. mattheei miracidia probably
reach field snails from faeces deposited directly into water
by stock while drinking. Transmission to snails would
therefore continue throughout the year and transmission
from snails would be increased by the short summer
incubation periods of the schistosome in the snail.

3. Bulinus (Physopsis) sp. exposed to S. haematobium.
The cumulative t tal of snails exposed each month from
the end of 1961 until the end of 1966 shows that the
survival rate was high with the exception of nails ex­
po ed during July and August. Shedding rates of exposed

and surviving snails were highest in spring exposures and
decreased in winter-exposed snails (Table X).

Incubation periods were consistently longer than those
of S. mansoni and 5. matrheei. Survival and shedding
rates and the longevity of shedding snails bore little rela­
tion to the length of the incubation periods (Table XI).
Survival rates were consistently high (77 00 - 96 00); sr:ed­
ding rates varied but were in general higher from summer
exposures (short incubation periods).

The tables are not a true reflection of the picture; large
numbers of snails stopped shedding during June, July
and August: some recommenced shedding during Septem­
ber I October, while others died at various times before
this (Tables V and XI). Whether the dead were still in­
fected was not ascertained, and the figures are based on
shedding snails only. Longevity was prolonged in snails
which started shedding in July, August and September.
but the apparent short life of snails which started to
shed in April and May was undoubtedly due to temporary
cessation of shedding of many snails.

The cumulative total of snails corrected to 300 exposed
each month shows that shedding snail numbers increased
in September/October and peak transmission occurred
from ovember to February/March: the numbers then

TABLE IX. C MULATIVE TOTAL OF SHEDDING B. (Physopsis) Sp. EXPOSED TO S. mattheei AT NELSPRUIT
(CORRECTED TO 300 EXPOSED PER MONTH)

umber of snails shedding cercariae each mollth
Momh Actual number

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jut. Aug. Sep. Oct. ov. Dec.
January 254 54 138 78 43 35 26 10 5 0
February 278 0 56 134 92 64 44 30 22 10 2 I
March 384 I 0 49 100 133 108 77 60 35 11 5
April 285 0 31 117 118 51 30 5
May 240 2 0 15 69 91 65 7
June 241 21 6 0 88 139 I11 46
July 180 13 0 93 137 65
August 197 12 0 137 162 47
September 172 73 2 2 0 36 125 144
October 331 104 40 13 7 5 I 0 27 142
November 410 156 70 44 14 7 3 0 0
December 29D 78 140 92 23 3 0

Total 3.262 460 312 345 305 250 236 211 249 362 592 670 532

TABLE X. B. (Physopsis) sp. EXPOSED TO S. haematobium AT NELSPR IT

Snails surviving to shedding Shedding snails
.Vlonth exposed ulI/ber snaiis exposed

0Number 0 umber o~ ofexposed %of survivint?
Autumn

March 240 197 80
April 415 ' 1.021 323 751 73 67 230 22 30
May 366 231 83

Winter
June 186 130 32
July 150 523 80 304 5 19 76 14 25
Augu t 187 94 25

Srring ,
September 197 161 72
October r '55 286 44 0 161 233 41 -2

Summer
. ovember 323 282 131
December 253 1.022 204 852 83 92 323 31 37
Januarv 142 117 39
Februa'ry 304 249 61

Total 3.121 2.354 62 2 36

10



S.A. TYDSKRIF VIR GE EESKUNDE990

fell gradually, as with S. maHheei, until June, when the
fall became rapid. Delay of peak shedding is accounted
for by the long incubation period (Table XII).

Unfortunately no field transmission picture for
S. haematobillm was obtained by rodent immer ion,'" but
with the good correlation of the laboratory (outdoor) and
field pictures of S. mansoni and S. mattheei there seems
sufficient reason to assume that tbe field picture of
S. haematobillm should be similar to that portrayed by

9 Augustus 1969

the above findings. Tbese suggest that S. haematobium
transmission in the field in the Eastern Transvaal would
start in October and reach a peak from November to
February. with no or negligib1e transmission during the
winter months. However. transmjssion from man mainly
results from swimming and few snails would therefore be
exposed from April to August when the water is too cold.
By deducting all snails exposed during these 5 months,
field transmission from snails would increase during

TABLE XI. SURVI AL A D SHEDDING RATES AND LONGEVITY OF B. (Physopsis) sp. EXPOSED TO S. haemaTobium AT 'ELSPRUIT I RELATION TO
INCUBATION PERIOD

Alive aT shedding Sheddillg snails
IIICllbaTioll Momh exposed No. exposed LeligTh 0/survival 0/50%

period Number 0 umber %o/exp. 0/ shedding sllails (weeks)0

36- 42 Dec. Jan. Feb. Mar. 190 163 85 98 51 5-6
43- 49 'ov. Dec. 296 234 79 118 39 5-6
43- 49 Jan. Feb. Mar. 252 215 85 55 21 5-6
50- 56 Oct. Nov. 270 222 82 114 41 6-7
50- 56 Feb. Mar. 124 II1 89 32 25 7-8
57- 63 Sep.O::t. lO\,o 207 182 87 83 40 6-7
57- 63 Feb. Mar. 90 87 96 35 38 7-8
64- 77 Jul. Aug. Sep. Oct. 301 240 79 86 28 5-6
78- 91 Jul. Aug. 127 101 79 22 17 6-7
92-105 No observations

106-142 Apr. May. June 356 303 85 113 31 7-8
143-210 Mar. Apr. May 3 I 294 7 75 19 6-7

TABLE XII. MONTHLY CUMULATIVE TOTAL OF SHEDDI 'G B. (Physopsis) sp. EXPOSED TO S. haemaTobiul'll AT NELSPRUIT
(CORRECTED TO 300 EXPOSED PER MONTH)

umber of snails shedding per mOlllh
MOIITh Acrualnumber

exposed Jail. Feb. Mar. Apr. May JUII. Ju/. Aug. Sep. OcT. Nov. Dec.
January 142 48 82 52 25 12 0 0 2 2 4
February 304 10 59 43 18 I I 2 6 4 2
March 240 10 70 71 37 47 46 34 16 9
April 415 I 2 14 30 28 12 7
May 366 14 I 22 68 62 37
June 186 11 2 25 50 23
July 150 36 38 16
August 187 9 I 11 39 16
September 197 78 15 47 107
October 358 97 41 31 11 0 0 2 2 26 119

ovember 323 118 84 33 2 I 12
December 253 41 104 78 27 3 I 0 0 0

Total 3,121 369 296 234 174 154 103 40 64 104 212 299 348
DeduCled for exposures

during lIoll-swimmillg
mOllths (Apr.-Aug.): 35 4 0 0 0 0 2 14 52 168 201 99

Total after deduction 334 292 234 174 154 103 38 50 52 44 98 249

TABLE XIII. NU 1BER OF Biomphalaria sp. EXPOSED TO. SURVIVING A 'D SHEDDING S. lIIallsolli EACH -IONTH AT LYDENB RG

Number shedding and sur vi villg each monTh
MOlllh Numbrr

exposed exposed Jail. Feb. Mar. Apr. Ma.l" JUII. Ju/. Aug. Sep. Oct. Nov. Dec.
January 60 17 0
February 120 76 443 437 I 34 0 25 umber surviving not shedding
March 150 110 81 38 0 6 12 'umber shedding/number surviving
April 120 95 41 0
May 55 53 0
June 60 0
July 30 0
August 0 0
September 90 3/29 3/ 26 1.22 I 16 14 0 80 67 54
October 60 12/43 17/42 12/35 7/31 1/25 15 0 57 56

'ovember 90 5 2/4 I 0 68
December 90 n 17 12 10 6 0
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August/ September from snail which recommenced shed­
ding after winter, to be followed by a drop in October as
a result of these snails dying. Transmission would again
increase in ovember and reach its maximum from
December to March, and then fall gradually until June
(Table XII).

An additional factor contributing to decreased winter
and increased spring transmission in the field of both
S. mansoni and S. haematobillm and possibly S. mattheei
is that the number of cercariae shed decrease during
winter and increase during the following spring.

Lydenburg
Batches of the appropriate elspruit snails were ex-

posed at regular intervals from mid-1963 until mid-1965
at Lydenburg to the 'elspruit schistosome strains. These
then developed under outdoor Lydenburg conditions.

Water in the aquaria froze regularly at night in June,
July and August, and occasionally during April and May
(Fig. 2), resulting in total snail mortality with successive
. ub-zero temperatures.

Incubation periods of the schistosomes which matured
to cercariae varied from 59 to I 19 days for S. mansoni,
from 54 to 119 days for S. mattheei for September to
February exposures, and from 75 to 127 days for
S. haematobillm for September to December (and pro­
bably January) exposures. Complete development to
cercariae did not occur in snails exposed during the re-
mainder of the year. one of the 3 schistosome specie
shed cercariae before January and all shedding ceased
during Mayor June.

I. Biomphalaria sp. exposed to S. mansoni. There was
heavy snail mortality not only during November and
December, as in elspruit, but also in January. In addi­
tion all snails died during the winter due to cold (Tables
XIII and XXV).

The shedding of cercariae was generally poor: it started
in January with peak shedding in February comparable
with elspruit autumn. There was no chance of increased
shedding after February because the earlier onset of cold
weather prolonged the incuhation period until such time
as the snails died from cold. Under these circumstances
it seems unlikely that S. mansoni could become establish­
ed at Lydenburg.

2. B. (Physopsis) sp. exposed to S. haematobillm. Shed­
ding rates of S. haematobillm were comparatively high
from snails exposed from September to December and

were comparable with elspruit spring (September / Oc­
tober) shedding (Tables XIV and XXV). High hedding
rates were however restricted to February, March and
April, with peak shedding during March. Because of the
longer incubation period it is doubtful whether peak shed­
ding could occur at any other time of the year, but March
is somewhat late for human exposure. Transmis ion to
man, if it occurred at all-a suming an even field distri­
bution and optimum chance of exposure of snails from
October to January-would probably take place only in
February, resulting in light worm loads and low infection
rates.

3. B. (Physopsis) sp. cxposed to S. mattheei. Shedding
of S. mattheei cercariae from snails exposed from October
to February was good, and occurred from February to
May with the peak in March/April (Tables XV and
XXV). Shedding was comparable with elspruit shedding
from January to June. Because the habits of stock give
a greater chance of snail exposure to S. mattheei for a
longer period than S. haematobium, and because of the
shorter incubation period of S. mattheei, this parasite
might become established at Lydenburg, if an increase of
the stock population occurred without proper watering
facilities. The few cattle (about 20) examined by us at
abattoirs at Lydenburg were negative.

O/'vats POf!1
Snails at this and the following 2 stations were alway

exposed at orvars Pont and placed into the field
aquaria on the same day at Norval"s Pont and either the
following day or two days later at Cradock and Koegas.

elspruit schistosomes and snails were used. When diffi­
culty was experienced with snail breeding it was necessary
to supplement directly from elspruit. With these excep­
tions the work routine was the same.

I. Biomphalaria sp. exposed to S. mansoni. Snail mor­
tality was high throughout the year, except from March
to May (autumn) (Tables XVI and XXV). There was
total snail mortality during June and July due to the re­
current sub-zero night temperatures. High summer tem­
peratures might have accounted for the high summer
mortality. Snails in the outside aquaria did not breed well
except during the hottest months (December and January).

Shedding started in ovember from September ex-
posures and was maintained at a low level (comparable to
winter shedding at elspruit) until March/April when

TABLE XIV. NUMBER OF B. (Physopsis\ sp. EXPOSED TO. SURVIVING AND SHEDDING S. haelllarobiulIl EACH MONTH AT LYDENBL!RG

Number sheddillg alld sllrvivillg each m01ll11
MOllth Number

exposed exposed Jail. Feb. Mar. Apr. May JUII. Ju/. All/? Sep. Orr. Nor. Dec.
January 0
February 78 77 72 67 14 0 25 umber surviving not shedding
March 120 117 99 55 0 6 12 Number shedding number surviving
April 136 88 64 0
May 45 37 0
June 30 0
Jul 30 0
August 30 0
September 50 20 5,19 6 18 3/16 15 0 44 39 28
October 75 53 14/52 14/47 14/47 5/30 20 3 75 56
November 120 3'104 19'102 15'94 6'77 50 10 0 0 118
December 30 29 I 25 424 4 12 I 12 12 0
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there was a marked increa e in shedding snails compara-
ble to el pruit spring.

If mails could maintain themselve in the field at
orvaI"s Pont, with the high summer and low winter

temperatures of small waters, S. mansoni transmission
might occur during March and April as a result of young
snails being exposed during December. January and
February. However, temperatures begin to fall during
March and April and human contact would decrease.

2. B. (Physopsis) sp. exposed to S. haemarobium and to
S. mattheei. There was total mortality of these snails during
June, July and August as a result of repeated night
temperatures below zero (Tables XVII. XVIII and XXV).
For the remainder of the year (except February - April)

9 Augustus ] 969

mortality was high possibly due to excess heat.
The peak snail-breeding period under cutside condi­

tions was a little later than that of Biomphalaria sp. but
also occurred during December and January, with very
little breeding during the remainder of the year.

Shedding of S. haematobium was very poor throughout
the year and from the results obtained it is doubtful
whether the parasite could become established.

Shedding of S. mattheei cercariae started during
ovember from September-exposed snails and reached a

peak in December/January, more or less comparable to
elspruit mid-winter. As at Lydenburg, a little S. mattheei

transmission during mid-summer might occur provided
that the snails could establish themselves in the field

TABLE xv. 'U:vIBER OF B. (Physopsis) sp. EXPOSED TO. SURVIVING AND SHEDDING S. II/:Itlheei EACH MONTH AT LYDENBURG

NUII/ber sheddi//g a//d survivi//g each mo//rh
Monrh Number

exposed exposed Jan. Feb. Mar. Apr. May JUII. Ju/. Aug. Sep. Ocr. or. Dec.
January 60 59 3054 3346 21'34 1429 0
February 120 4 115 12 109 2 '84 17/29 0 25 umber surviving not shedding
March 150 134 III 73 0 6/12 umber shedding/number surviving
April 120 52 34 0
Mav 60 57 0
June 60 0
July 20 2 0
August 30 0
September 50 I I 1 I 41 16
October 90 12/67 26/64 23/55 13/41 2133 4 0 83 73

ovember 120 8195 29/83 17/65 7/49 1130 6 0 120
December 90 78 31/69 39166 23/44 11/22 - 8 0

TABLE XVI. NUMBER OF Biompha/aria sp. EXPOSED TO. SURVIVI 'G AND SHEDDI G S. mansoni EACH MO TH AT NORVAL'S PO T

umber shedding and surviving each month
Monrh Number

expoSfld exposed Jan. Feb. Mar. Apr. May JIIII. Ju/. Aug. Sep. Ocr. No I'. Dec.
January 30 2 17 912 79 I 0
February 60 22 57 23/47 10/31 16 0 25 Number alive not shedding
March 60 60 27 0 6 12 'umber sheddinglnumber surviving
April 30 12 10 0
May 40 26 0
June 85 0
July 60 0
August 100 0 55 43 28 7
September 100 I 5 0 88 14149 15131
October 150 3 5 0 98 3'43

ovember 60 0 5
December 60 3 39 - 11 - 11 5 11 3 0

TABLE XVII. NUMBER OF B. (Physopsis) Sf]. EXPOSED TO, SURVIVING AND SHEDDING S. haematobium AT NORVi\L'S PONT

Nnmber shedding alld surviving each mOllrh
Monrh umber

exposed exposed Jan. Feb. Mar. Apr. May Jun. Ju/. Aug. Sep. Ocr. Nor. Dec.
January 0 0
February 59 2 -4 244 32 16 0 25 Number alive not shedding
March 24 24 14 13 0 6 /12 umber shdding1number surviving
April 20 14 2 0
May 40 25 0
June 0
July 60 0
Augusl 100 0
September 102 I 2 0 79 44 3/35
October 123 I 0 100 6/46
November 50 0 49
December 15 9 7 4 2 0
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under the temperature conditions likely to exist in small
waters.

Cradock
All the snails studied at this station were obviously

very unhappy a week or two after being placed in the
aquaria. Total snail mortality of both species occurred
only during July with repeated night temperatures below
zero. Maximum breeding in the outside aquaria occurred
during January and February.

Shedding of S. mansoni (Table XIX) started in
January, with peak shedding during March/April as at

orval's Pont. It was comparable to elspruit from
January to May.

Shedding of the two schistosomes with terminal-spined
eggs (Table XX, XXI and XXV) was very poor. No
shedding occurred before January.

Under present conditions-unhealthy snails, poor
chistosome development and Fish River water-it is

thought that none of the schistosome would be likely to
develop in the Fish River Valley. The arrival, in the
future, of the Orange River water in the valley might
well change conditions.

Koegas
Aquarium temperatures at Koegas were higher for a

longer period than those at orval" Pont and Cradock.
I. Biomphalaria sp. exposed to S. mansoni. Mortality

TABLE XVIII. NUMBER OF B. (Physopsis) sp. EXPOSED TO, SURVIVING AND SHEDDING S. mattheei AT NORVAL's PONT

Number shedding and surviving each month
Month Number

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. ov. Dec.
January 0 0
February 39 3/37 8/34 15 4 0 25 umber alive not shedding
March 24 24 10 6 0 6/12 umber shedding/number surviving
April 20 14 3 0
May 40 25 0
June 85 0
July 60 0
August 100 0
September 52 0 38 1/15 3/10
October 60 11/21 2/5 1/3 49 27/35

ovember 60 8/20 5/8 5/8 2 0 10/60
December 58 2/30 6/14 5 0

TABLE XIX. NUMBER OF Biomphalaria sp. EXPOSED TO, SURVIVING AND SHEDDING S. mansoni EACH MO TH AT CRADO K

Number shedding and surviving each month
Month Number

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nay. Dec.
January 30 1/12 3/12 3/11 0
February 60 17/59 19/34 15/19 4 2 0 25 umber alive not shedding
March 60 50 13 0 6/12 umber shedding/number
April 30 27 20 4 0 surviving
May 40 13 0
June 30 13 0
July 30 0
August 120 64 38 2 0
SepIember 100 1/5 0 91 27 3
October 150 3/5 0 81 18
November 60 0 13
December 60 12 7/11 6/8 3/4 1/2 0

TABLE XX. NUMBER OF B. (Physopsis) sp. EXPOSED TO, SURVIVING AND SHEDDING S. haematobium AT CRADOCK

Number shedding and surviying each month
Month Number

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. ov. Dec.
January 0
February 39 31 14 I 12 6 0 25 umber alive not shedding
March 24 23 22 20 0 6/12 umber shedding/number surviving
April 20 16 16 0
May 35 25 0
June 15 0 0
July 30 52 24 3 0
August 120 68 5 0
SepIember 102 86 53
October 134 3 3 0 25
November 50 5 3 0
Decem1'ler 15 3 3 2 0
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of snails from cold was complete during July only (but it
is probable that freezing would not be an annual
occurrence); mortality was high throughout the rest of
the year possibly due to heat (Tables XXII and XXV).

Shedding started during October and reached a peak
in February comparable to the September shedding at

elspruit. It was however short-lived, and in March fell to
mid-winter Nelspruit shedding. Probably because of the
higher temperatures at Koegas (compared with NorvaI's
Pont) shedding continued for 8 months of the year and
S. mansoni might become established, with a little trans­
mission during late summer, provided the snails are able
to maintain themselves with the high summer field
temperatures.

2. B. (Physopsis) sp. exposed to S. haematobium and
S. mattheei. As with Biompha/aria sp., and probably for
the same reasons, there was high mortality of B. (Physop­
sis) sp. throughout the year with total mortality during
July (Tables XXII1- XXV).

Shedding of S. haematobium was poor when it occurred
and was comparable to mid-winter Nelspruit shedding.
In contrast the shedding of S. mattheei, though poor,
continued for 7 months from November to May.

It is not thought that S. haematobium or S. mattheei
would be able to become established under present field
conditions at Koegas.

If, after the completion of the dams, the temperature
of the Orange River water at Koegas falls appreciably,

TABLE XXI. 'UMBER OF B. (Physopsis) Sp. EXPOSED TO, SURVIVING A D SHEDDING S. mattheei AT CRADOCK

Number shedding and surviving each month
Month Number

exposed exposed Jail. Feb. Mar. Apr. May Jun. Ju/. Aug. Sep. Oct. Nov. Dec.
January 0
February 34 35 2/31 8/17 6 0 25 umber alive not shedding
March 24 24 0 6/12 umber shedding/number surviving
April 20 18 14 0
May 35 29 6
June 30 13 0
July 30 0
August 120 37 JJ 0
Septe!TIber 102 0 58 14 6
October 85 0 49 19

ovember 60 3/8 2 0 41
December 58 10 6 4 0

TABLE XXII. NUMBER OF Biompha/aria sp. EXPOSED TO, SURVIVING AND SHEDDING S. mansoni EACH MONTH AT KOEGAS

Number shedding and surviving each month
Month Number

exposed exposed Jail. Feb. Mar. Apr. May JUII. Ju/. Aug. Sep. Oct. Nov. Dec.
January 30 14/20 6/12 0
February 60 7/52 17/42 9/18 8 0 25 umber alive not shedding
March 60 56 25 19 0 6/12 Number shedding/number surviving
April 30 21 12 0
May 40 40 5 0
June 15 13 0
July 30 0
August 120 101 2/36 1/5 0
September 60 0 60 49 4
October 120 0 115 1/23

ovember 60 0 19
December 60 5/53 6/11 0

TABLE XXIII. NUMBER B. (Physopsis) sp. EXPOSED TO, SURVIVING AND SHEDDING S. haematobium AT KOEGAS

Number shedding alld surviving each month
Month Number

exposed exposed Jan. Feb. Mar. Apr. May JUII. Ju/. Aug. Sep. Oct. Nov. Dec.
January 0
February 39 36 22 6/8 3 0 25 umber alive not shedding
March 24 24 11 5 0 6/12 Number shedding/number surviving
April 20 16 10 0
May 35 26 13 0
June 30 0
July 30 0
August 120 8 0 76 39 19 15
September 102 5 0 88 49 32
October 122 28 0 112 74

ovember 50 6/48 5 0 50
December 15 11 0
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TABLE XXIV. NUMBER OF B. (Physopsis) Sp. EXPOSED TO. SURVIVING AND SHEDDING S. maftheei AT KOEGAS

Month Number
Number shedding and surviving each month

exposed exposed Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. ov. Dec.
January 0
February 39 1/36 7~~4 3/14 5 0 25 umber alive not shedding
March 24 18 7 0 6/12 umber shedding/number surviving
April 20 20 12 0

<fay 35 29 7 0
June 45 7 0
July 30 0
August 120 0 79 60 1/27 6/10
eptember 52 9 0 42 1/33 3/28

October 60 8/17 0 57 12/46
ovember 60 24/49 3 0 58

December 58 52 I 0

TABLE XXV. CUMULATIVE TOTAL OF SNAILS SHEDDING EACH MONTH AT THE VARIOUS SITES CORRECTED 1'0 300 EXPOSED PER MONTH

Number ofsnails shedding cercariae each month
Schistosome

species Site Jan. Feb. Mar. Apr. May JU/l. Jul. Aug. Sep. Oct. ov. Dec.
S. mansoni elspruit 132 122 106 88 72 68 67 82 176 375 437 313

Lydenburg 70 101 63 45 15 2 X X X? 0 0 0
orval's Pon t 24 45 235 210 50 X X 0 0 0 42 51

Cradock 9 45 145 140 80 0 X 0 0 0 0 0
Koegas 25 170 95 65 45 0 X 0 0 5 3 3

S. haemato- elspruit 369 296 234 174 154 103 40 64 104 212 299 348
bium Lydenburg 7 143 190 129 30 0 X X X 0 '0 0

orval's Pont 3 0 10 10 0 X X X 0 0 0 24
Cradock 0 0 0 0 7 0 X 0 0 0 0 0
Koegas 48 0 0 0 46 0 X 0 0 0 0 0

S. mattheei elspruit 460 312 345 305 250 236 211 249 362 592 670 532
Lydenburg 66 268 409 357 223 129 X X X 0 0 0

orval's Pont 111 65 59 60 0 X X X 0 0 6 203
Cradock 15 0 0 15 60 0 X 0 0 0 0 0
Koegas 160 0 7 52 21 0 X 0 0 0 7 93

x = Total mortality of snails.

the field temperatures of irrigation dams and canals
would possibly be more suitable to snails during summer
but les so during winter.

SUMMARY AND CO CLUSJO S

Different groups of Biomphalaria sp. and Bulinus (Physopsis)
sp. were exposed to S. mansoni, S. haematobium and S.
maftheei, respectively, and observed under outdoor conditions
in a highly endemic area (Nelspruit) for a 6-year period. The
behaviour pattern of the snails and the developing schistosomes
repeated itself each year and the summation of the findings
reflected, \vith minor modifications, the field transmission
picture of S. mansoni and S. mattheei.

o field picture had been obtained for S. haematobium. It
was, however, assumed that the results of B. (Physopsis) sp.
exposure and further development of this parasite under out­
door conditions would, in general, reflect the field transmission
picture in the area surrounding elspruit.

Development of the 3 parasites in snails was studied under
outdoor conditions in 4 non-endemic areas, of which only
Lydenburg presently harbours both snail species. The other
3 places, orval's Pont, Cradock and Koegas, although they
do not harbour the intermediate hosts, were studied in antici­
pation of future irrigation schemes. Altitudes of the 5 places
varied from 2,350 feet above sea-level at elspruit to 4,500 feet
above sea-level at Lydenburg.

Aquarium temperatures at Nelspruit and Lydenburg varied
in degree only-the general pattern being the same. The other
3 places all differed from elspruit, showing greater seasonal
and daily variation.

With the exception of elspruit, all snails died during the
winter as a result of night temperatures repeatedly below freez-

ing. Snail mortality was high throughout the year at orval'
Pont, Cradock and Koegas, except in autumn.

It was concluded that: (a) at Lydenburg, S. mattheei might
become established in stock under certain conditions, but
the other two parasites would not; (b) at orval's Pont, pro­
vided both snail species were able to maintain themselves in
the unfavourable field conditions, S. mansoni and S. mattheei
might become established; (c) at Cradock none of the 3 parasites
would become established; and (cl) at Koegas S. mansoni might
become established but neither of the other two species, pro­
vided again that the snails were able to maintain themselves
in the field.

Reduction of temperature of the Orange River water after
completion of the dams might have some adverse effect on
snails and their schistosome parasites during the winter, but
an advantageous effect might result during the summer.

We wish to thank the South African Council for Scientific
and Indu trial Research for permission to publish this paper;
the Fisheries Department of Transvaal Fauna and Flora at
Lydenburg for assistance and accommodation; the 'Vater
Affairs Department who assisted greatly with accommodation,
building of a snail helter and other matters at orval's Pont:
the Municipality of Cradock who permitted us to work on their
ground and assisted with labour; and the management of Cape
Blue Asbestos Mines for building of a snail shelter, use of
their land and assistance with labour.
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