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The Ecology of Bulinus truncatus
and Biomphalaria alexandrina and its Implications

for the Control of Bilharziasis
in the Egypt-49 Project Area

B. C. DAZO,1 NELSON G. HAIRSTON 2 & I. K. DAWOOD 3

The respective vectors of the two forms of bilharziasis in Egypt do not have the same
ecological distribution. Bulinus truncatus is most abundant in large canals, and decreases
in density as the water approaches and flows into drains. Biomphalaria alexandrina is
most abundant in drains, and decreases in density upstream from these habitats. Both
species are most abundant in the presence of aquatic vegetation, but they differ in their
respective associations with the water hyacinth, Eichhornia crassipes. Biomph. alexandrina
reaches maximum abundance in the presence of this plant, but Bul. truncatus is as
uncommon in the absence ofplants as in the presence of E. crassipes.

Calculation of life-table parameters from field data shows that, under optimum field
conditions, both species can double their populations in 14-16 days. Thbe reproductive rates
of both species are greatest in March and the death rates in midsummer. The observed
peak densities in May and June give a false impression ofoptima because of undercollection
ofyoung snails, which are most abundant in March and April.

Control operations should take advantage of the findings on population parameters.
A single area-wide treatment with molluscicide in April is recommended. During the
remainder ofthe year, searchfor isolated foci of snail breeding and individual treatment of
these will effect large savings ofchemical and will be effective in controlling the transmission
of the parasites.

It is agreed by most authorities that at present
the most promising method of control of bilharziasis
is by attack on the molluscan intermediate hosts of
the parasites. For one reason or another, all such
methods are expensive, and any way in which the
cost could be reduced would permit more widespread
and effective control of bilharziasis.

It is clear, therefore, that a fundamental under-
standing of the snail hosts is desirable, since it is
through a knowledge of the characteristic behaviour
of snail populations that we should seek improve-
ments in the method, timing, frequency and location
of attempts to eradicate snails. The present studies,
like a great many before them, were undertaken
with this aim.
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The most important difference between these
studies and most preceding ones is in the point of
view from which they have been pursued. Thus,
attention has been given primarily to obtaining data
that would reveal quantitatively the dynamic pro-
cesses that result in increases or decreases in snail
abundance. This is the discipline of population
ecology, the methods of which have been derived
from those of demography and actuarial science.
The approach adopted necessitated the use of more
accurate and painstaking methods than had been
used generally in the study of aquatic snails and
greater attention to the requirements of both sta-
tistics and population dynamics. This approach has
been used in other parts of the world (Pesigan et al.,
1958; Shiff, 1964; Webbe 1962), but to our know-
ledge the only attempt to estimate birth and death
rates for Bulinus truncatus and Biomphalaria alexan-
drina was that of Barlow & Muench (1951), who
used laboratory studies exclusively.
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Many studies have been devoted to the seasonal
abundance, ecological distribution and changes in
infection rates of the two intermediate hosts of
bilharziasis in Egypt and neighbouring countries
(e.g., Barlow, 1950; Gindy, 1962; Gindy, 1957;
Malek, 1958 a, 1958 b; van der Schalie, 1958;
Watson, 1958; Wittenberg & Saliternik, 1957;
Zakaria, 1954, 1955). In general, snails have been
shown to be abundant in summer, to decline in
abundance during late summer, and to undergo a
lesser increase during autumn. The frequent coex-
istence of both snails, especially Biomph. alexandrina,
and aquatic vegetation has been noted by most
workers, although the association between Bul.
truncatus and plants does not appear to be constant
throughout its distribution.
The population dynamics of both species is poorly

understood. Bul. truncatus is difficult to maintain
in the laboratory. The work of Barlow & Muench
(1951) represents the only attempt to measure any
life-table parameters. In that case, the snails were
apparently severely, crowded, with the result that
some of the conclusions, particularly those regarding
growth rates, are open to serious question.

GENERAL CONSIDERATIONS

The project area

The Egypt-49 project area, where the snail ecolo-
gical studies were undertaken, has already been
described in detail (Unrau et al., 1965).1 It is situated
in the north-west part of the Nile Delta, near the
city of Alexandria, and is located between two
marine lakes, Mariyut and Edku, in the province of
Beheira. The project covers an area of 422 km2 and
has a population of 225 600 in 552 villages. It was
chosen because of the comparatively high prevalence
of Schistosoma haematobium and S. mansoni infec-
tions (over 35%) and relatively high densities of
Bul. truncatus and Biomph. alexandrina both in irri-
gation and in drainage watercourses. Since it is one
of the virgin areas in Egypt, as far as mollusciciding
and other control measures against bilharziasis are
concerned, the area is suitable for studying the
ecology of the snail intermediate hosts and the epi-
demiology of the disease.
The project area is under two irrigation districts,

El Ramle and Kafr el Dawar. It is located in one of
the oldest and most complex irrigation systems in
Egypt, with a vast network of canals and drains.

1 See also the papers on pages 281 and 293 of this issue.

Mahmoudia canal is the main source of water supply.
It is a large irrigation-navigation canal, 76.5 km
long, connecting the Rosetta branch of the River
Nile with the Mediterranean Sea. About 39 km of
the canal form the northern boundary of the project
area. The southern boundary is formed by a large
main drain, El Umum.2

Classification of watercourses

In order to provide an understanding of the types
of watercourses in the area, which will be referred
to extensively later, a brief description of each type,
based on an unpublished (1962) classification by
L.C. Miguel, follows.

Canals are classified as follows:
(1) Principal canal. Only one canal of this type

is present; this is Mahmoudia canal, which takes
water directly from the Rosetta branch of the Nile;
its average discharge is 8 million m3 per day.

(2) Main (Primary) canals. These are large water-
courses taking water directly from the principal
canal, with an average discharge of 10 000 m3/day
to 0.5 million m3/day.

(3) Branch (Secondary) canals. These are smaller
streams taking water directly from the main canals
and delivering it to distributaries and field channels.
They are found where the area to be irrigated is very
large, and are thus not common in the project area.
The discharge is up to 50 000 m3/day.

(4) Distributaries and field channels (tertiary ca-
nals). These are the smallest streams, which take water
directly from a main or a branch canal and deliver
it to the field furrows or directly to the field. When
a sakia or water wheel takes water from the main
or branch canal, delivery is direct to field channels
and furrows. In areas where the supply of water
flows automatically from the main canal to the
distributaries because of the difference in water head
or elevation, field channels may not exist at all.

(5) Field furrows. These constitute the terminal
portions of the irrigation system and feed water
direct to the field. They are dry most of the time
except during irrigation and flooding of the land.

Drains may be divided into three groups:
(1) Collector, lateral and sublateral drains. These

streams are the beginnings of drainage systems; they
collect excess of water and seepage from the field.

' See the map on page 282 of this issue.
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TABLE 1
AVERAGE TEMPERATURE AND RAINFALL MEASURED AT THE EGYPT-49

PROJECT CENTRAL LABORATORIES, ALEXANDRIA, 1961-64

Average temperature (°C) Rainfall (mm)
Month 1961 1962 1963 1964 1961 1962 1963 1964

January 14.8 14.9 14.7 12.9 38.7 45.6 44.8 60.2

February 14.0 13.4 15.0 13.5 88.6 34.9 17.1 41.1

March 15.9 17.8 15.3 15.4 1.5 0.4 18.3 6.8

April 19.3 19.6 16.0 16.0 0 0.1 0.1 0

May 22.7 21.2 23.9 20.3 9.8 5.3 5.3 1.7

June 25.8 25.9 23.1 25.3 0 0 0 0

July 26.2 27.0 24.0 26.6 0 0 0 0

August 27.0 28.0 26.5 26.9 0 0 0 0

September 24.6 26.3 25.6 26.5 0 2.4 0 0

October 21.9 23.7 24.4 23.7 34.0 14.9 3.3 0

November 19.7 22.5 19.4 23.8 3.8 0 5.1 4.3

December 15.8 16.4 15.7 19.1 60.0 58.0 17.3 157.7

(2) Main drains. These streams collect the dis-
charge of one or more of the drains mentioned above.

(3) Principal drain. El Umum drain, which is
44 km long and forms the southern boundary of
the project, is the only principal drain in the area.

Climate and temperature
In general, the climate of Egypt in the narrow in-

habited and cultivated strip along the Nile is pleasant
and agreeable, warm in winter and hot and dry
during the summer (Annual Statistics, 1960, 1961).

In the project area the climate is changeable during
the winter months, with occasional heavy rain,
strong winds and thunderstorms. Spring is mild and
less changeable than winter, but rain may occur; it
is also the season of violent sandstorms. The climate
is less variable in summer, and clear skies prevail
except in the early morning, when low cloud is
abundant. Autumn is similar to spring, but early-
morning fog occurs more frequently than during
the rest of the year.

Rainfall is very scanty and is believed not to be
an important factor in the ecology of the parasite
or of the snail hosts. The rainy months are October
to May, most rain falling in December to February
(Table 1).
The temperature over most of the country reaches

a maximum during July and August and a minimum

in January and February. In the summer of 1963,
the temperatures recorded were relatively low
(Table 1), and the effect can be seen in the data on
snail-population dynamics.

MATERIALS AND METHODS

In order to obtain accurate quantitative data on
the abundance and size distribution of the snails,
the drag-scoop was employed as a sampling tool
(World Health Organization, 1965). This instrument
is designed to collect all snails in a strip 25 cm wide
from the centre of the watercourse to the water's
edge. It also collects a sample of the aquatic vege-
tation, and search of the leaf surfaces permitted the
quantitative collection of the eggs of both Bul. trun-
catus and Biomph. alexandrina. On being brought to
the laboratory, each sample was searched for all
snails, which were later sorted as to species and
counted. Each specimen of Bul. truncatus or Biomph.
alexandrina was measured to the nearest millimetre
along its largest dimension. Thus, for both species,
size distributions, plus the number of eggs collected,
form the basic data for population analysis.

Field collecting stations
Five representative types of snail habitat in the

project area were chosen as collecting stations,

5
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mainly on the basis of snail abundance and presence

of aquatic vegetation. A brief description of each
station follows.
Mahmoudia Canal. Most of the area is open water

and is devoid of aquatic vegetation except at the
sides, where Panicum repens and patches of sub-
merged Potamogeton pectinatus and floating Eich-
hornia crassipes are often found. The banks have
a dense growth of Arundodonax. The collecting site
was the last kilometre of the canal inside the project
boundary, where the flow of water is slight; here the
canal is 20 m-30 m wide, with an average depth of
3 m and a discharge of 8 million m3 of water per day.

Wahdania Canal is a distributary or tertiary canal
which takes water directly from Mahmoudia canal.
It is 1 m-2 m wide, 50 cm-75 cm deep and about
850 m long. The submerged aquatic weed Pota-
mogeton crispus is found along almost the entire
length of the watercourse.
Hagar Drain is a collector drain over 1 km in

length (1020 m), with a width of 4 m-5 m and a

depth varying from 20 cm to 100 cm. There is
partically no water flow and E. crassipes is found
floating in patches. Grasses and sedges are abundant
on the banks.
Sakr Drain is another collector drain which is

fairly well maintained by the farmers in the area.

The sides and banks are clear of vegetation and are

fairly well trimmed. The width is about 4 m, the

depth ranges from 60 cm to 100 cm and the drain is
3840 m long. E. crassipes, Phragmites communis and
Ceratophyllum demersum are the dominant aquatic
weeds in the habitat.
Abid Drain is a lateral drain about 50 cm-100 cm

wide, 20 cm deep and 850 m long. Chara sp. and
P. crispus are the principal submerged aquatic weeds
and Lemna gebba is the dominant floating vegetation.

RESULTS

Snail distribution and density
Because of the great range in types of watercourse

in the project area, it is not surprising that each
species of snail finds certain types more favourable
for reproduction and survival than others.

Table 2 has been arranged so that the sequence
of habitats down the table follows the flow of water
across the landscape. In general, the two species
show opposite sequences of density, Bul. truncatus
being much more abundant in canals and Biomph.
alexandrina reaching its maximum density in the
drains. The low densities observed in the primary
canals are readily explained by the well-documented
lack of tolerance of each species to a high water
velocity. In Mahmoudia canal, near the collecting
station, the flow is gentle (6.5 cm/s), but in the main
canals the average flow near the headgates at Mah-
moudia is 36.9 cm/s, with a range from 12.0 cm/s

TABLE 2
AVERAGE ABUNDANCE OF BULINUS TRUNCATUS AND

BIOMPHALARIA ALEXANDRINA IN DIFFERENT KINDS OF WATERCOURSE

Average number of snails
Watercourse per 30 scoop samples a

Name Kind Bul. truncatus alexandrina

Mahmoudia Canal Principal canal 87.31 1.72

Alexandria Drinking Water Canal
1 Primary (main) 19.64 0.12

Beida Canal J canals

Wahdania Canal
Distributaries 56.64 8.70

Awkaf Canal

Khurshid Drain

Awkaf Drain Lateral drains 18.87 34.60

Abid Drain

Hagar Drain1Hagar Drain tCollector drains 17.10 164.79
Sakr Drain

a Average value throughout the year.
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to 77.8 cm/s. These velocities are in general well
above the limits tolerated by Bul. truncatus and they
are maintained over most of the length of the main
canals. In the smaller canals, flow is again gentle.
The rate of flow is almost negligible in the drains.
The relatively low densities of Bul. truncatus in

most drains appear to be due to a lack of tolerance
of stagnant water. The two drains in which the
species is most abundant-Abid and Hagar-have
a more perceptible flow than most of the others.
Not all populations of the two snails conform to

the general trend. Many factors affect the suitability
of a given habitat; some of these are described in
the next section.

Studies on distribution and movement

The dispersal of snails was studied by releasing
1044 live Biomph. alexandrina and 428 live But.
truncatus in Qafla Canal, a vegetation-free canal
8.3 km long which supported snail populations
naturally. The snails, which were marked with
white nail polish, were found 750 m downstream
after 30 minutes, 3 km after 5 hours, 3 Y2 and 4 km
after 1 day and 5 km after 9 days. One snail was

carried by the sakia (water wheel) 2 km away from
the point of release to a field channel. The velocity
of the water in the canal was 0.42 m/s on the surface
and 0.35 m/s near the bottom. Searching for the
snails upstream from the point of release never-
yielded positive results, in contrast to Paulini's (1963)
observation of the upstream migration of Autralorbis
glabratus.

It is noteworthy that, of the 1044 Biomph. alexan-
drina released, only 6.13 % were recovered; only
3 of the 428 Bul. truncatus (0.70%) were retrieved.
Another experiment was carried out in Khatt el

Nar Canal, a snail-infested stream with a moderate
amount of aquatic vegetation; it is 5.2 km long and
has a discharge of 228 762 m3/day. The velocity of
the water current was 2250 in/h during the trial.
The snails were painted with luminous silver paint
and divided into three lots-namely,

(a) 580 Bul. truncatus with a big dot on the body
whorl,

(b) 1276 Biomph. alexandrina with tiny dots on

the dextral side of the shell,
(c) 1250 Biomph. alexandrina with the dextral side

of the shell covered in paint.
Snails in lots (a) and (b) were further subdivided

into two groups each and were placed at the bottom

TABLE 3
RECOVERY OF BIOMPHALARIA ALEXANDRINA DURING
TRIALS ON DISPERSION AND MOVEMENT OF SNAILS

IN KHATT EL NAR CANAL

since release Distance downstream No. of snails
of snails from point of release recovered
(h min) a (ki) by dip net

1 50 0.425 1

3 00 2 2

3 30 3 8

5 20 3 1

5 30 3.5 1

5 35 4.5 1

5 40 4.6 1

5 45 5 2

6 00 5.2 (before 43
culvert)

6 15 5.2 (after 21
culvert)

Total no. of snails recovered 81

Percentage recovery 3.2 b

a 580 Bulinus and 1 276 Biomphalaria were released at 8.00 a.m.
and 1 250 Biomphalaria were released 15 min later; the times
have been calculated from the first release.

b Only Biomphalaria were recovered and the percentage is
based on the number of this species released.

of the two sides (left and right bank) of the canal
about 150 m downstream from the headgate or
intake prior to the opening of the gate. The snails
were given some time to acclimatize themselves to
the habitat, after which the headgate was opened.
Snails in lot (c), which was divided into two groups
released on opposite sides of the canal, were released
when the water was at its maximum level.

Half an hour after the release of snails in lot (c),
two Biomph. alexandrina were observed floating
650 m downstream from the point of release. No
snails were recovered in 30 drag-scoop samples
spaced 25 m apart and taken from each bank from
the points of release one and four hours after the
start of the experiment. Six labourers surveyed and
sampled the canal extensively, using dip nets; the
results of the recovery of snails are given in Table 3.

It will be noted that only 3.2% of the Biomph.
alexandrina released were retrieved and that no Bul.
truncatus were recovered. In a later survey carried
out five days after the first trial, one Biomph. alexan-
drina was found 229 m downstream from the point
of release.
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TABLE 4

MEAN DENSITIES OF SNAILS IN VARIOUS COLLECTING STATIONS IN THE EGYPT-49 PROJECT AREA,
APRIL-JUNE 1962

Date of Kind of vegetation Samples with plants Bulinus truncatus Biomphalaria alexandrina
sampling No. % Total number Mean Total number Mean

Nazeer Canal

28 April P. crispus 19 21.1 61 3.21 58 3.05
P. repens 57 63.3 128 2.25 32 0.56
Silt 6 6.6 5 0.83 2 0.33

4 May P. crispus 22 24.4 85 3.86 87 3.95
P. repens 51 56.6 187 3.67 47 0.92
Silt 6 6.6 8 1.33 4 0.67

10 May P. crispus 20 22.2 36 1.80 81 4.05
E. crassipes 4 4.4 5 1.25 17 4.25
P. repens 55 61.1 116 2.11 22 0.40
Silt 5 5.5 5 1.00 1 0.20

6'June E. crassipes 21 23.3 41 1.95 62 2.95
P. repens 53 58.8 150 2.83 57 1.08
Silt 15 16.6 15 1.00 14 0.93

El Qudah Canal

27 May P. crispus 26 28.8 40 1.54 229 5.73
P. repens 36 40.0 36 1.00 77 2.14
Silt 24 26.6 0 0 0 0

5 June E. crassipes 6 6.6 1 0.17 29 4.83
P. repens 72 80.0 33 0.46 147 2.04
Roots 9 10.0 0 0 6 0.67

12 June P. crispus 19 21.1 0 0 89 4.68
E. crassipes 6 6.6 1 0.17 45 7.50
P. repens 20 22.2 18 0.90 19 0.95
Silt 34 37.7 2 0.058 3 0.088

Aref Canal

22 June P. crispus 21 23.3 129 6.14 151 7.19
P. repens 38 42.2 50 1.32 110 2.89
Roots 5 5.5 4 0.80 6 1.20
Silt 22 24.4 13 0.59 25 1.14

25 June P. crispus 20 22.2 61 3.05 66 3.30
P. repens 45 50.0 95 2.11 121 2.69
E. crassipes 6 6.7 1 0.17 4 0.67
Silt 19 21.1 14 0.74 51 2.68

Old Abis Canal

28 April P. crispus 29 32.2 2 023 69.76
P. crispus
and P. repens 7 7.7 245 35.00
P. repens 36 40.0 70 1.94
Polyqonum

serrulatum 4 4.4 6 1.50
Silt 10 11.1 3 0.30

Gama Canal

7 May P. repens 88 73.3 258 2.93
Silt 20 16.6 10 0.50

El Kolliah Canal

21 June P. crispus 30 33.3 1 708 56.93 597 19.90
P. crispus
and E. crassipes 4 4.5 94 23.50 46 11.50
P. repens 8 8.9 97 12.13 57 7.13
Silt 48 53.3 83 1.73 20 0.42
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These trials clearly indicate that the snails, espe-
cially Biomph. alexandrina, are capable of travelling
long distances in a short time.

Relationship between snails and aquatic weeds

Watercourses in the project area are often choked
with aquatic weeds. The most common are Pota-
mogeton crispus, Panicum repens, Eichhornia crassipes
and Polygonum serrulatum. The first two plants,
described in detail by Dawood et al. (1965), normally
appear in patches but may sometimes cover an entire
stream several kilometres long. They obstruct the
flow of water and provide an excellent breeding place
for Bul. truncatus and Biomph. alexandrina.

Six canals with abundant aquatic vegetation and
harbouring the two species of snail were chosen to
test the relationship between snails and weeds. Snails
were sampled, using the drag scoop, which covers
1/8 linear metre of the canal. Samples were taken
at 5-m intervals during the period of maximum snail
density (April to June) in 1962. This was also the
period of maximum growth of the aquatic weeds.
The species of aquatic weeds present in the samples
were recorded regardless of the amount encountered,
i.e., only a qualitative determination of the weeds
present was made.
The data were normalized by Yeo's (1962) method,

i.e., by taking the cube root of each snail count;
means, variances and standard deviations were then
calculated. Since many zero counts were recorded,
0.5 was added to each count before normalizing the
data, to eliminate zero values. The statistical tests
performed on the normalized data were the " t "
test for individual comparisons and variance ana-
lysis for the detection of interactions.
The frequency with which aquatic weeds occurred

in the scoop samples taken from the different canals
studied is shown in Table 4, which also gives the
mean densities of snails per sample. All the irri-
gation streams gave a sufficiently high density of
snails for analysis, except for El Qudah canal, where
the numbers of Bul. truncatus were low.
The relationships between snail density and the

presence of different species of plants are as follows:

Both species of snail are generally much more
abundant in aquatic vegetation than in those parts
of the canals where the substrate consists only of
silt. Moreover, both species tend to reach maximum
densities in P. crispus. The most interesting aspect of
the relationships is the position of E. crassipes and
E. repens; whereas E. crassipes provides no signifi-
cantly better substrate for Bul. truncatus than does
the canal bed, Biomph. alexandrina reaches densities
in E. crassipes equivalent to those in P. crispus. This
difference in favourableness of different weeds for
the two species of snail is also indicated by the high
significance of the interaction term in the analysis
of variance for Nazeer Canal (Table 5).

TABLE 5
ANALYSES OF VARIANCE FOR NAZEER CANAL a

Source Degrees Sum Mean
of variance of freedom of squares square F

Species 1 6.959 6.959 55.67 b
(snails)

Substrate 3 12.853 4.284 34.27 b
(plants)

Interaction 3 7.588 2.529 20.23 b

Within 660 82.579 0.125

Total 667 109.979 | -

a All samplings pooled.
b P < 0.01; all differences are highly significant.

The data from Aref Canal show that other factors
may sometimes be more important than vegetation;
analysis of variance shows that, for this canal,
the interaction term for the densities of the two
species of snail on different substrates was not
significant.

Population dynamics
The analysis of data gathered between October

1961 and March 1965 has provided information on
growth, mortality and egg-laying and on the popu-

Bul. truncatus
Density in P. crispus > density in P. repens > density in E. crassipes = density in silt

(3/7 significant) (2/5 significant) (0/5 significant)

Biomph. alexandrina
Density in E. crassipes = density in P. crispus > density in P. repens > density in silt

(1/3 significant (5/5 significant) (3/10 significant)
each way)
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FIG. 1
SEASONAL ABUNDANCE OF BULINUS
TRUNCATUS AND BIOMPHALARIA
ALEXANDRINA

Bulinus truncatus
* ° average for two canals

average for three drains

.----- Biomphalaria alexandrina

lation changes and distribution of Bul. truncatus and
Biomph. alexandrina in their habitats. Significant
conclusions reached will now be discussed for each
snail in turn.

Bulinus truncatus

(1) Annual cycle of density. The classical picture
of a major peak in late spring and a minor peak in
late autumn or early winter was seen only in the
data from the two canals. In all three drains, the
major peak occurred during or near winter, with
minor peaks of questionable significance in May,
June or July (Fig. 1).
The five habitats displayed a variety of situations.

In Mahmoudia Canal the population showed very
similar trends over the three years of observation.
The major peak occurred in either May or June and
the " secondary " peak was nearly suppressed, but
was observed to a minor extent in two of the three
years. The population in Wahdania Canal was
somewhat less regular, but the major peak was

observed in May, June and July of the three years
1962-64, respectively; the minor peak, which was
more pronounced than in Mahmoudia Canal, oc-
curred in either December or March. In all three
drains, Bul. truncatus reached its greatest abundance
in late autunm or winter; secondary peaks occurred
in May or June.

Thus, the timing of the annual peaks was similar
in the two types of habitat, but the relative magni-
tudes of the peaks were reversed.

Since other factors, such as introduction and emi-
gration of snails, appeared to be unimportant, the
observed changes must have been caused by changes
in the reproduction and survival rates of Bul.
truneatus.

(2) Survival.

(a) Method of calculation. Survival, or its com-
plement, death rate, can be calculated from suc-
cessive age-distributions, but it must be recognized
that all of the collections are subject to unavoidable
sampling error, and therefore large numbers of
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repeated observations are needed before confidence
can be placed in the calculated death rates. The
successive size-distributions obtained by sampling
the five habitats monthly can be used instead of age-

distribution, provided that an accurate growth curve

is available. The growth curve was obtained by
following the progression of peaks through the size-
distributions for all habitats. By combining all of
the data, enough estimates were obtained to give
reasonable confidence in the resulting growth curve

(Fig. 2). Its accuracy was then tested by drawing
it through the tables of successive size-distributions
for the different habitats; an excellent fit was obtained.

In order to obtain estimates of death rates, the
assumption is made that snails of the age-group
under consideration die at a constant rate between
the two sampling dates. This assumption permits
the use of the equation:

lx-=e-ax

where lx is the proportion still living at the end of
x days, e is the base of natural logarithms, and a

is the exponential death rate per day. The equation
further permits comparisons to be made between
periods of different lengths, an important consider-
ation in the present case, since the " monthly " sam-
ples were taken at intervals that varied fairly widely.
As an example of the method, the data from

Wahdania Canal for March and May 1963 will be
used. Bul. truncatus begins to lay eggs when it is
between 5 mm and 6 mm long and therefore all
snails at least 5 mm long are considered adults.
Sampling on 5 March yielded 169 snails in this
category. The second sampling took place 68 days
later (on 12 May); reference to the growth curve

shows that a snail 5 mm long would be expected to
grow to 9.3 mm in 68 days. Thus, all snails 9.3 mm
long and longer on 12 May are considered to be the
survivors of the adult snail population represented

FIG. 2
GROWTH CURVES FOR BULINUS TRUNCATUS AND BIOMPHALARIA ALEXANDRINA
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by the 169 collected on 5 March. Since the sizes are

recorded in intervals of 1 mm, the best apportion-
ment of the nine snails at least 9 mm and less than
10 mm long is to consider that 0.7 of them (i.e., six)
are among the survivors from the March adult popu-

lation. These, with the seven snails 10 mm long or

longer, represent a density of 13 per 34 samples
surviving out of an original density of 169 per 34
samples. The proportion surviving 68 days (lx in
the equation above) is 0.0769. Reference to a table
of exponential functions shows that this value is
approximately mid-way between e2-58 and e2-57.
The value 2.565, then, is equal to 68 times the daily
death rate. Division gives an exponential death rate
of 0.038 per day.

Similar computations were made for all five habi-
tats for each one-month and two-month interval for
the three years of study. Cases where less than 10
individuals formed the initial population were

ignored. Two further complications arose, both due
in part to sampling error. The first occurred when
the number of survivors was as great as, or greater
than, the number of snails in the initial collection.
This happened 11 times in the 193 two-month obser-
vations, and the death rate was recorded as zero.

The second complication arose when there were no

survivors, as happened 32 times. The equation cannot
be solved, since it yields an infinite death rate, but
the minimum death rate necessary to produce the
observed lack of survivors can be calculated- by.
assuming that one snail survived on the day before
the second sampling. Thus, the calculated average

death rates by season, size of snail and type of
habitat are probably slightly lower than the actual
ones. The cross-check described below shows the
error to be slight.

In computing the survival of young snails, the eggs

collected at one sampling were taken as the initial
population. The hatching time was taken as 20 days
in January and 8 days in July; intervening months
were assigned intermediate incubation periods. Thus,
the first snail hatched in January would have grown
for 20 days longer than the last one hatched. This
20-day band was projected along the growth curve

for the number of days between the two samplings.
As will be shown below, snails are seriously under-
collected until 35 days after hatching. Therefore,
two-month intervals were used in calculating the
death rates of young snails. Snails of sizes within
the 20-day band were regarded as survivors of the
population of eggs present in the collection two
months previously.

Once the exponential death rates per day were
calculated, they were subjected to standard statistical
treatment.

(b) Results. The data were analysed for differ-
ences between seasons, between canals and drains,
between young and adult snails, and for all inter-
actions between these factors. The complete break-
down of results is given in Table 6.

TABLE 6
EXPONENTIAL DEATH RATES PER DAY FOR

BULINUS TRUNCATUS

Exponential death rate per day
Months of first
and second Young snails Adult snails
sampling

Canals Drains Canals Drains

Jan.-Mar. 0.029 0.051 0.016 0.020

Feb.-Apr. 0.047 0.060 0.025 0.032

Mar.-May 0.035 0.060 0.038 0.035

Apr.-June 0.023 0.046 0.031 0.020

May-July 0.013 0.057 0.060 0.043

June-Aug. 0.030 0.053 0.075 0.038

July-Sept. 0.072 0.041 0.071 0.048

Aug.-Oct. 0.048 - 0.053 0.032

Sept.-Nov. 0.042 - 0.027 0.011

Oct.-Dec. 0.032 0.054 0.009 -

Nov.-Jan. - 0.021 0.016 0.038

Dec.-Feb. 0.003 0.056 0.021 0.023

0.035 0.053 0.039 0.033

Average a

0.045 0.036

a Average death rates for all snails (young and adult) are
0.038 in canals and 0.041 in drains.

Death rates of adult snails, both in canals and in
drains, are high from June to September, and are
generally higher in canals than in drains. For young
snails, death rates are very different. They show no
seasonal pattern in drains, being high during most
of the year; in canals, peak death rates occurred in
March and August, and only in the latter month did
they exceed the death rates in drains.

Variance analysis (Table 7) is justified only in the
sense that it compares the homogeneity of the various
estimates of death rate. The probabilities recorded
are therefore not very meaningful until checked by
a statistical method using the original data. This
was done for the direct comparison by using the
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TABLE 7
ANALYSIS OF VARIANCE OF ESTIMATES OF EXPONENTIAL

DEATH RATES OF BULINUS TRUNCATUS a

Source of variance Degrees Sum of squares [ Mean squares F

Seasons b 2 0.008997 0.004499 9.11 (P<0.005)

Habitats c 1 0.000723 0.000723 1.46

Age d 1 0.003699 0.003699 7.49 (P<0.01)

Interactions

Seasons-Habitats 2 0.008740 0.004370 8.85 (P<0.005)

Seasons-Ages 2 0.000356 0.000178 X 1/2.76

Habitats-Ages 1 0.004188 0.004188 8.48 (P<0.005)

Seasons-Habits-Ages 2 0.003832 0.001916 3.88 (P<0.025)

Within groups 181 0.089393 0.000494

Total 192 0.119928

a Variance homogeneity test = 19.557; degrees of freedom = 11.
b Comparison between three seasons: Feb.-July, June-Nov., Oct.-March.
c Comparison between two habitats: canals and drains.
d Comparison between two ages: young and adult.

totals of the survivors and of the original population,
and comparing the proportions living and dying
by the X2 test. All differences were found to be highly
significant, and hence much more confidence can be
placed in the analysis of variance than could in the
absence of X2 values. In the analysis of variance, all
differences are significant except for the over-all
difference between habitats and for the interaction
between seasons and ages. The failure to find a
significant difference between habitats is due largely
to the balancing effect of adult snails dying signi-
ficantly faster in canals and young snails dying signi-
ficantly faster in drains. It is this effect that causes
the highly significant interaction between habitat
and age-group.

(3) Reproduction rates. The number of eggs col-
lected in a series of samples on any day represents
the eggs laid by the adults present in the same samples
during the incubation period of the eggs. Thus, the
180 eggs collected in Abid Drain in January 1962
must have been produced by the 89 adults found in
the same samples, giving an average of 2.02 eggs per
adult snail. Since they could have been laid at any
time during the incubation period of 20 days, the
average egg output was estimated as 0.101 eggs per
adult snail per day.

The averages of these rates were calculated in the
same way as for death rates. As the variances are
not homogeneous, statistical analysis of egg-laying
rates was not justified. In both canals and drains,
there was a very high rate of egg-laying in early
spring, with low rates for the rest of the year (Table 8).

Age-specific rates of egg-laying can be obtained
only from laboratory observations. For this purpose,
snails of each size from 3 mm-4 mm to 11 mm-12 mm
were kept in tall cylindrical glass jars containing
200 ml of canal water. Abundant food in the form
of fresh lettuce leaves was supplied and the water
was changed weekly. Daily observations were made
on the number of egg-masses laid and the number
of eggs in each mass. The few snails that died during
the period of observation were replaced.
Two such sets of observations were made-the

first in December 1964 and January 1965, the second
in March to May 1965. In the first experiment, the
effect of crowding was tested by using 1, 2, 3 and 4
snails per jar. By using the growth curve to obtain
the starting age of each snail, the observations could
be recorded as eggs per snail per day for each of
the following age-groups: 18-26 days, 27-37 days,
38-48 days, 49-61 days, 62-78 days, 79-98 days,
99-122 days, 123-151 days, and 152 days and over.
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TABLE 8
REPRODUCTIVE RATES (EGGS PER ADULT SNAIL

PER DAY) OF BULINUS TRUNCATUS
AND BIOMPHALARIA ALEXANDRINA

Number of eggs per adult snail per day

Month Bulinus truncatus Biom-
phalaria

Canals Drains Total alexandrina

January 0.120 0.124 0.122 0.047

February 0.862 0.089 0.398 0.149

March 0.389 0.986 0.747 0.472

April 0.211 0.231'0 0.223 0.125

May 0.041 0.118 0.089 0.177

June 0.015 0.082 0.058 0.092

July 0.138 0.007 0.063 0.054

August 0.045 0.0 0.018 0.057

September 0.143 0.0 0.061 0.0

October 0.059 0.013 0.031 0.0

November 0.0 0.031 0.021 0.002

December 0.025 0.191 0.112 0.002

The age-groups correspond to the successive size-
groups (1-cm steps) on the growth curve.
The egg-laying rate was found to increase with

age in both species, except that in the oldest-group a

decline was observed. The figures permit the eggs

collected in the field to be allocated among the adult
snails collected at the same time, according to size.
Although the absolute rates were not applicable in
the field, it was assumed that the relative rates among
the different sizes of adults could be used to obtain
the age-specific rates of egg-laying that are necessary

for drawing up an ecological life-table.
It was clear that crowding resulted in a marked

decrease in egg-laying and that the effect of crowding
increased with age. Little difference was observed,
however, among the jars with 2, 3 and 4 snails each.
The results of the crowding experiment suggest
that the snails in the second experiment suffered an

analogous effect, even though they were isolated
in separate jars. Doubtless the high temperatures
prevailing in spring were responsible for the pheno-
menon, especially in view of the shape of the jars
and the relatively small water surface exposed to
the air.

(4) Ecological life-table. The most informative
method of analysis of the population dynamics of

any species is the ecological life-table. The construc-
tion of a life-table requires a knowledge of age-
specific survivorship and reproduction. The methods
of obtaining this information have been given above,
as have the annual changes of the rates in different
kinds of habitat.
The first and simplest calculation is that of the

" net reproductive rate ", which is the sum of the
products of the egg-production per adult during all
successive time-intervals and the proportion of snails
surviving from egg-laying to the mid-points of the
same time-intervals. This is the average replacement
rate per snail per generation, and in the absence of
long-term trends should be 1.0. Examination of the
data reveals that, although there were year-to-year
differences in some habitats, no general long-term
trend was evident over the three years of study. The
net reproductive rate, therefore, provides a con-
venient check on the observations and calculations.
From the over-all average survival for young snails
and adults separately and the average of the egg-
output rates, the net reproductive rate is calculated
as 0.65. The over-all proportional error is estimated
as 0.35.
The calculated average death and egg-laying rates

both have large variances: the standard error for
the estimate of egg-laying rate is 24.4% of the mean
and that for the death rates of young snails is 6.5%
of the mean. These alone would account for most
of the difference between the observed net repro-
ductive rate and 1.0. In other words, the data and
calculations cross-check better than superficially
seems to be the case. As a final check on the cal-
culated life-table, a comparison was made between
the observed and expected age-distributions (Fig. 3).
The comparison emphasizes the failure of the col-
lecting method to obtain the snails in the younger
age-groups. This is a common observation in all
field studies on snails. The good agreement between
observed and expected collections of eggs and older
snails, however, increases the confidence in the final
conclusions.
Of much importance in the planning of control

effort is the potential rate of increase under field
conditions. The maximum rate of increase that is
likely to be encountered can be obtained by using
survival and egg-laying rates for February and
March. The average of the five highest egg-laying
rates for these months is 2.5 eggs per adult snail per
day. The lowest average exponential death rates
were 0.029 per day for young snails and 0.016 per
day for adults. When the egg-laying rate is adjusted
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FIG. 3
AVERAGE AGE-DISTRIBUTION OF BULINUS TRUNCATUS

IN FIVE HABITATS

for the age of the snail, in order to obtain age-specific
data, the maximum estimated instantaneous rate
of increase of Bul. truncatus in the field is 0.048 per

day. This would amount to a doubling of the popu-
lation every 14.5 days if the stable age-distribution
were achieved. Since this does not happen, the
increase will actually be greater than that calculated
during the first month. The snails, however, are
likely to be too small to be collected in the abundance
in which they actually occur. Samnpling for evidence
of recovery from treatment with a molluscicide is
therefore pointless until at least 1 1/2 to 2 months
after the treatment.

Biomphalaria alexandrina
The field data for Biomph. alexandrina are less

extensive than those for Bul. truncatus, since too few
were found in Mahmoudia Canal and Abid Drain
to be useful, and sampling in the most important
habitat, Hagar Drain, had to be discontinued because
it fell within the treated area.

(1) Annual cycle ofdensity. In general, the density
of Biomph. alexandrina follows that of Bul. truncatus,
but the changes are less predictable and the magni-
tude of the changes is generally less than for Bul.
truncatus (Fig. 1). The density tends to be greatest
from June to August, but in different years the
highest abundance was observed in January, March,
April, May and September in one or other of the
three habitats.

(2) Survival. The methods used in calculating
death rates were the same as those for Bul. truncatus.
In Hagar Drain, sufficient numbers of Biomph.
alexandrina were obtained to enable death rates to
be calculated for separate size-groups.
Biomph. alexandrina grows somewhat more rapidly

than Bul. truncatus, as is shown in Fig. 2. Laboratory
data indicate that egg-laying begins at a diameter
between 6 mm and 7 mm, or 3742 days after
hatching.
Because of the relatively few observations in other

habitats, statistical analysis was performed only on
the data from Hagar Drain. The relations between
mean exponential death rate per day, size of snail
and season are shown in Table 9. Death rates were
appreciably lower in late spring than in other
seasons, and immature snails had lower death rates
than adults.

In order to increase confidence in the mean values,
the data were pooled into three seasons of four
months each, namely, November-April, March-
August and July-December. The analysis of variance
performed on the results (Table 10) shows that signi-
ficant differences exist between seasons and between
immature and adult snails. A separate analysis
failed to reveal significant differences in death rates
between the three habitats. This failure may be due
to the paucity of data for Sakr Drain and Wahdania
Canal.

(3) Reproduction rates. Reproduction in Biomph.
alexandrina follows much the same seasonal pattern
as in Bul. truncatus (Table 8). The low over-all
average of 0.104 eggs per adult snail per day sug-
gests that not all of the eggs were found. Systematic
undercollection of even a few egg-masses would
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TABLE 9

AVERAGE EXPONENTIAL DEATH RATE
BIOMPHALARIA ALEXANDRINA TAKEN

DRAIN

Length
(mm)

Exponential deatt

Seasonal

Nov.-j March-
April Aug.

cause a large discrepancy because of the large number
ES PER DAY OF of eggs per mass (20.9, compared with 13.3 for
FROM HAGAR Bul. truncatus).

In order to obtain age-specific rates of repro-
duction, the same laboratory experiments were per-

rate per day formed with Biomnph. alexandrina as with Bul. trun-
catus. Snails representing each size-group from

July- Over-all 2 mm-3 mm to 15 mm-16 mm in diameter were
Dec. studied.

Newly hatched

4.0- 4.9

5.0- 5.9

6.0- 6.9

7.0- 7.9

8.0- 8.9

9.0- 9.9

10.0-10.9

11.0-11.9

0.025

0.040

0.038

0.053

0.054

0.055

0.058

0.045

0.052

0.023

0.025

0.022

0.031

0.032

0.037

0.042

0.039

0.040

0.025

0.041

0.052

0.061

0.051

0.057

0.066

0.046

0.060

Total above 4.0 mm 0.051 0.034 0.053

0.025

0.034

0.035

0.049

0.047

0.049

0.053

0.043

0.050

(4) Ecological life-table. Less confidence can be
placed in the life-table parameters of Biomph.
alexandrina than in those of Bul. truncatus. Although
the net reproductive rate of 0.63 comes close to being
as satisfactory as that of Bul. truncatus, the age-
distribution (Fig. 4) gives a poorer fit, and indicates
about a 40O% deficiency in the number of eggs col-
lected as compared with that expected on the basis
of the number of adult snails present.

In March, when egg-laying is maximal, the net
reproductive rate of Biomph. alexandrina is 11.85,
the instantaneous rate of increase is 0.039, and the
time required for the population to double is 17.8
days. If allowance is made for the undercollecting

TABLE 10

ANALYSIS OF VARIANCE OF ESTIMATES OF EXPONENTIAL DEATH RATES
OF BIOMPHALARIA ALEXANDRINA

Source Degrees
of variance of freedom Sum of squares Mean squares

Comparison between eight sizes a

Sizes a

Seasons b

Interaction

Within gropus

Total c

0.005324

0.010334

0.001015

0.041729

0.000767

0.005167

0.000073

0.000369

F

2.06

14.00 (P<0.005)

<1

0.058402

Comparison of two sizes only d

135

0.004294

0.054108

0.058402

0.004294 10.71 (P<0.005)

0.000401

a Sizes are (in mm): 4.0-4.9, 5.0-5.9, 6.0-6.9, 7.0-7.9, 8.0-8.9, 9.0-9.9, 10.0-10.9 and 11.0-11.9.
b Seasons are November to April, March to August and July to December.
c Variance homogeneity test- x2 = 16.762; degrees of freedom, 23.
d Sizes are (in mm) 4.0-5.9 and 6.0 and above.

Between sizes

Within sizes

Total
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FIG. 4
AVERAGE AGE-DISTRIBUTION OF BIOMPHALARIA

ALEXANDRINA IN THREE HABITATS

of eggs, the instantaneous rate of increase is 0.044
per day, and the population would double in 15.8
days.

IMPLICATIONS FOR CONTROL

General considerations

In order to enable the over-all results of the ana-

lysis to be visualized, Fig. 5 has been constructed,
showing changes in average reproduction and sur-

vival during the year. The calculations of death

rate have been used in estimating the mean length
of life. This is calculated as

I /(Ie- a)
where a is the exponential death rate per day. At
most of the values obtained, I/a gives a very close
approximation to the mean length of life. Thus,
conditions are improving for snails when either line
on the graph is rising, and are deteriorating when
the lines are falling. The graphvshows that March is
much the most favourable month for the population
of Bul. truncatus, and that from May to August
conditions are very poor. The apparent paradox
whereby maximum densities of snails are found two
to three months after the occurrence of optimum
conditions is easily resolved when it is realized that
the average age of Bul. truncatus in the collections is
61.0 days. Thus, although the peak occurs early in
April, it is not observed because most of the snails
are so young that only about 4 %-8 % of them are
found in the samples.
The increase in density observed from October

onwards is evidently the result of improved survival
rather than of any significant increase in breeding.

Biomph. alexandrina shows a similar annual pattern
in rate of egg-laying, but the March peak constitutes
a smaller fraction of the total than in B. truncatus
and breeding remains above average through May.
The survival of adult Biomph. alexandrina is
highest in May and June; the species therefore
shows a very different seasonal pattern from that
of Bul. truncatus. This improved survival keeps the
observed population high through August and the
simultaneous occurrence ofreproduction and high sur-
vival results in a low, flat peak in population density.

Control operations should be timed to take
advantage of the natural changes in reproduction
and survival and to ensure the maximum likelihood
of interrupting the transmission of bilharziasis.
Since snail infection rates are highest from June
onwards through the summer, it is a happy circum-
stance that the ability of the snails to recover their
initial population declines rapidly from March
onwards. Area-wide mollusciciding should therefore
be completed by the middle of May. This will result
in very low snail populations during the season of
high infection rates. Since infection rates are
highest in June, and at least five weeks are required
for the infection to mature, the maximum number of
snail infections must take place early in May. There-
fore, treatment with molluscicide in April would
kill the maximum number of snails and leave very
few to become infected.
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FIG. 5

ANNUAL CHANGES IN POPULATION PARAMETERS FOR BULINUS TRUNCATUS
AND BIOMPHALARIA ALEXANDRINA

Mey June July Aug.
Months

*_-~ - bMean length of life

- Eggs / adult snail / day

The autumn increase in abundance is the result of
improved survival rather than of increased egg-

laying, and it seems questionable, in view of the
lowered snail infection rates after September,
whether a blanket mollusciciding is necessary at
that season.

Surveillance
The general conclusions about snail populations

have been based upon the average performances in
five habitats over a three-year period. It is also
necessary to consider exceptional situations. These
occur for a number of reasons, and probably occur

frequently enough to be taken into account in the
planning of control operations. The most serious
problems will be caused by the density-dependent
regulation of animal populations. This is simply the
tendency of any population to respond in a negative
way to its own density. Thus, the population always

tends to change toward the population density set
by the carrying capacity of the environment. This
carrying capacity itself changes seasonally, so that
at any moment the population is almost sure to be
out of balance. The degree of imbalance and the
size of the population determine the rate at which
the population will actually change. Thus, in some
habitats, very rapid rates of increase are possible.
As has been shown above, the most favourable

conditions for increase can result in a doubling of
the population in less than 14.5 days. Because the
population has not reached the stable age-distri-
bution, it is likely that most of the population after
two weeks will consist of eggs. While this wave is
growing to maturity, and the adults are continuing
to die, the population will actually decline briefly
before the first wave begins laying eggs. This decline
will occur two to three weeks after the outburst of
breeding, and it would be advantageous to eliminate
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such situations before the second wave can become
infected and begin to shed cercariae. This would
occur five weeks or more after the expected slight
decline in population. Thus, the optimum sup-
pression of transmission would require a repetition
of the molluscicide treatment after seven to eight
weeks. This, however, is true only in those habitats
where something unusual is happening. Therefore,
even if it were feasible to use molluscicide so fre-
quently, most of it would be wasted on habitats
where no important increase was taking place.
A much more reasonable approach would be to

examine all habitats in regular rotation, treating only
those where the population was increasing rapidly.
In view of the foregoing conclusion-that, on the
most pessimistic forecast, a habitat will be safe for
at least seven to eight weeks after treatment with
molluscicide-the most efficient use of personnel
and chemical would be achieved by undertaking
one mass mollusciciding per year in April and
instituting a system of continuous inspection and
local treatment during the rest of the year. A team
of three men could carry sufficient equipment and
molluscicide to search all habitats in an area and
treat those in which the population had reached some
predetermined level.
As epidemiological theory is not sufficiently

advanced to enable the permissible density of inter-
mediate hosts to be stated, empirical estimates must
be used. It has been shown that good molluscicides,
properly applied in the field, kill 99% or more of the
snails, with 95% confidence limits above 98% in
most cases. The most pessimistic predictions
indicate that the population would return to not
more than 5 %-10% of the original two to three
weeks after such a kill, but the population would
consist almost entirely of eggs or of snails too small
to be collected efficiently. After a further period of
five weeks, the snails would be readily observable
at a density up to 5% of the pretreatment level.
Densities in April and early May have been found,
by the drag-scoop method, to be 3-6 Bul. truncatus
and up to 30 Biomph. alexandrina per sample. Thus
1.5-3 Bul. truncatus per 10 scoop samples would

represent a recovery to potentially dangerous levels.
The drag-scoop is too cumbersome for routine sur-
veillance work, but a careful calibration of the dip-
net against the drag-scoop shows that the critical
level can be estimated as 15-20 Bul. truncatus or
20-30 Biomph. alexandrina per 150 passes with the
dip-net; this calibration applies at low or medium
water-levels only. If any snails are found during high
water, the site should be sampled again at low water.
A team of three men should be able to cover all

habitats in a fairly large area in seven weeks and to
treat all those in which the density was greater than
three snails in 20 scoop samples (or the equivalent
in snails per dip-net taken at low water level). Not
more than six such examinations per year would be
required to keep snail densities satisfactorily low.
Combined with a thorough area-wide mollusciciding
once a year, this would achieve very good snail
control, and should result in virtually complete ces-
sation of transmission of bilharziasis.
To judge from previous data, 25 %-33 % of the

total length of the watercourses in any area is
infested with Bul. truncatus, Biomph. alexandrina
or both before treatment. After mollusciciding this
is reduced to 10%-13 % at most. Under these
conditions, a team probably covers an average of
10 km per day, including the treatment of areas
with the indicated densities. In seven weeks of at
least five working days each, the team could cover
350 km of watercourses. Taking Kom Ishu and Kom
el Birka combined as a familiar example, eight such
teams would be more than adequate, since the two
areas contain a total of 1940 km of streams, most of
which are very small. If a team found that a large
stream required treatment, special attention could be
given to it by the personnel at the project headquarters.

Since about 80% of the cost of treating small
streams is in the molluscicide,l omission of one mass
treatment per year should more than finance the
cost of the surveillance work. The proposed treat-
ment plan would also prevent the rapid build-up
of snail populations which now occurs between the
mass applications of molluscicide.

1 See the paper on page 357 of this issue.
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RtSUMP-

Les auteurs ont etudie pendant trois ans 1'ecologie et
la dynamique des populations de Bulinus truncatus et de
Biomphalaria alexandrina dans le delta du Nil, afin de
fournir une base rationnelle a la lutte contre la bilhar-
ziose par la destruction des h6tes interm6diaires.
Des prelevements ont 6te faits chaque mois en utilisant

une technique quantitative soigneuse dans cinq habitats
types; ces etudes ont et completees par des 6chantillon-
nages moins frequents dans de nombreux habitats tres
vari6s et par des experiences de laboratoire sur la ponte
dans differentes conditions. Les deux especes ont une
6cologie differente. B. truncatus a ete trouv6 avec une
frequence particulierement elevee dans les grands canaux;
son nombre a d6cru au fur et a mesure que le systeme
d'irrigation se ramifiait dans les champs, pour etre le
moins eleve dans les grands drains de retour; l'abondance
de B. alexandrina a varie en sens inverse. L'existence de
la vegetation aquatique, en particulier Potamogeton
crispus est favorable aux deux especes; mais la presence
de jacinthes d'eau Eichornia crassipes semble convenir
a B. alexandrina alors que les populations de B. truncatus
ne sont pas plus nombreuses lorsqu'il y a des jacinthes
d'eau qu'en l'absence de toute vegetation. Les exp6riences
sur le terrain ont montre que les deux mollusques etaient
transportes A longue distance par le courant, le pheno-
mene etant plus marque chez B. alexandrina.

La dynamique des populations des deux especes de
mollusques a 6t6 analysee 'a l'aide de parametres biolo-
giques. Les donnees recueillies sur le terrain ont permis
de calculer les taux de ponte et de mortalite; les taux
d'accroissement naturel ont ete evalu6s pour la saison
oui les conditions sont optimales: B. truncatus peut alors
doubler le nombre de sa population en 14,5 jours et
B. alexandrina en 15,8 jours. Pour les deux especes, la
production d'keufs est maximale en mars. La plus grande
longevit6 se situe entre octobre et avril pour B. truncatus,
en mai et juin pour B. alexandrina. Les populations des
deux especes sont les plus elev6es en mai et juin, 2-3 mois
apres l'epoque offrant des conditions optimales de repro-
duction. Cette anomalie peut s'expliquer par le fait que
les techniques d'echantillonnage ne permettent pas de
prelever un nombre de jeunes mollusques proportionnel
a leur veritable abondance.

L'application des molluscicides devrait s'effectuer en
tirant parti des informations recueillies sur la dynamique
des populations. Les auteurs recommandent un traite-
ment unique de tous les cours d'eau de la region en
avril. Le reste de l'ann6e, la surveillance et le traitement
localise des gites de ponte possibles permettraient d'eco-
nomiser une grande quantite de molluscicides, tout en
assurant activement la lutte contre la transmission de
la bilharziose.
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